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minent flight into terrain. Using exist-
ing radio altimeters and air data comput-
ers, Allied Signal (then Sundstrand Data
Control) developed a cost-effective, prac-
tical device to install in airplanes.

In late 1974, one accident caused reper-
cussions that continue to this day. A
Boeing 727 on an approach to Dulles
Airport in Washington, D.C. struck the
top of a ridge only 20 miles from the air-
port. The airplane impacted just 50 feet
below the crest of the hill. More than 90
people died. This accident prompted the
U.S. Federal Aviation Administration
(FAA) to enact regulations requiring all
large jet and turbo-prop airplanes to have
GPWS by the end of 1975 (Figure 3). Es-
sentially, these regulations covered all
turbine-powered airplanes that carry
more than 30 passengers, or 7,500 pounds
of freight.

The quick response time caused CFIT
losses in the United States to begin drop-
ping significantly and continuously (Fig-
ure 4). In 1975, after thorough evalua-
tions and flight testing, the Civil Avia-
tion Authority in England also mandated
GPWS installation in all large commer-
cial jet airplanes. And, in 1979, the In-
ternational Civil Aviation Organization
implemented GPWS standards. All of
these changes were responsible for be-
ginning to significantly reduce CFIT
losses worldwide.

Before 1975. there were about eight jet
transport CFIT accidents each year
worldwide. Because of the huge increase
in air travel in recent years, these acci-
dent figures would be much higher to-
day — if the aviation community had
done nothing.

The rate of CFIT accidents in the United
States has dropped from 0.6 per million
departures to 0.1 per million departures
from 1975 to today. This is a reduction
by a factor of six. During this time, the
flight sectors have doubled. This is a re-
duction of accidents per year by a factor
of 12.
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Figure 3. This chart shows the installation history of GPWS on large commercial air-
planes. Today, more than 98 percent of the world’s fleet has GPWS. The older model
GPWS units (Mark I, III & IV) are being phased out in favor of more advanced models.
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Figure 4. This chart shows the number of CFIT accidents each year worldwide from the
mid-1940s through 1995 — for both large commercial airplanes and turbo-prop trans-
ports. Regardless of the type of airplane, having GPWS installed reduces the CFIT risk.
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may hesitate to pull up, or ignore the
warning — with disastrous results.

In this scenario, the GPWS warning may
not have registered with the crew. They
have flown into this airport hundreds of
times, but because of complacency, their
brains may very well have disregarded
aural and visual warnings.

At the other extreme, crews can also ex-
perience continued false GPWS warnings
due to a particular terrain feature and a
GPWS database that has not been cus-
tomized for the arrival. They are condi-
tioned to experience this situation since
they have flown the approach many
times. This can also lull the crew into
complacency and they may fail to react
to an actual threat. The GPWS can be
programmed by the manufacturer for spe-
cific airfield approach requirements.

o Case Study #1: The crew failed to
challenge the ATC clearance.

»  Case Study #2: The crew failed to
perform the normal landing checks
that would have ensured proper land-
ing configuration (gear down).

o Case Study #3: The airplane trav-
eled approximately two minutes af-
ter an obvious crew disagreement,
they took no action, and had no fur-
ther conversation.

ATC Communications. In times of in-
creased workload, ATC and flight crews
may communicate with each other by
using a shortened format. This can lead
to misunderstanding by ATC and the pi-
lots. Clearances meant for one airplane
have been given to another, resulting in
CFIT accidents.

This is when aircrew situational aware-
ness needs to be the most acute. If the
crew had known where they were and un-
derstood that the clearance they received
would take them below the Minimum
Safe Altitude, they could have requested

12 The Combat Edge

Other CFIT Accident Factors

In addition to the common factors listed on page 6, other fre-
quent factors found in CFIT accident investigations include:

Lack of lateral situational awareness.
Failure to recognize responsibilities.
Deliberately violating procedures.

False assumption that air traffic control (ATC) monitors
the airplane’s position on radar.

False assumption that ATC is responsible for terrain clearance.
Misinterpretation of approach procedures.

Failure to adhere to landing minimums.

Misreading, misunderstanding, or misinterpreting procedures.
Failure to follow procedures.

Lack of flight deck management.

Altimeter-setting errors.

Language difficulties.

Failure to identify or verify the navigation aids.

Poor, or nonexistent, standard operating procedures.
Poor CFIT training.

Inconsistent approach chart design.

Failure to perform proper GPWS recovery procedure.

Physiological problems such as disorientation, visual il-
lusions, subtle incapacitation, or circadian disruption.

Lack of cross checking, crew coordination, or cooperation.
Incompatibility of the flight crew.

Boredom or fatigue.

Lack of communication or phraseology problems.
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Section by Section: The CFIT Education and Training Aid

Users should find the Education and Training Aid
to be an excellent source to conduct CFIT train-
ing. CFIT accidents are a systemic problem in
our industry and will require the support of ev-
eryone — from the line pilot to the chief airline
executive — to prevent the next CFIT accident.

The aid is presented in five sections:

Section One: Overview for Management. This
provides top management with a concise, broad
overview of the CFIT problem and its solutions.

Section Two: Decision Maker’s Guide. This de-
scribes areas where help from those who gov-
ern, regulate, and run the industry can best put
their efforts to eliminate CFIT as a causal factor
in future accidents.

a clarification on their clearance.

Section Three: Operator’s Guide. This dis-
cusses the history of CFIT, together with causal
factors, traps, and escape procedures. This sec-
tion is specifically aimed at flight crews and air
traffic controllers.

Section Four: Example CFIT Training Program.
This example program offers specific academic
and simulator training programs, aimed at in-
forming flight crews of their responsibilities and
duties to avoid a CFIT accident. Also included
are ground briefings, the script for the CFIT
video, and airplane-specific examples of the CFIT
escape maneuver.

Section Five: Additional Background Informa-
tion. Readers can choose from selected readings,
including the latest accident/incident information.

o Case Study #1: The crew and ATC
differed in their understanding of the
clearance.

Failure to Monitor or Manage the
Autoflight System. The advancement
of technology in today’s modern air-
planes has brought us flight directors, au-
topilots, autothrottles, and flight manage-
ment systems. All of these devices have
been designed to reduce workload and
keep track of altitude, heading, airspeed,
and approach flight path with pinpoint ac-
curacy. These devices have all made a
significant contribution to flight safety.

However, it is possible for them to lead
to unquestioned trust by flight crews. The
flight crews may unknowingly misuse
these devices, or operate them with faulty
data. Since autoflight systems are ma-
chines, they will do anything asked of

them; occasionally, these systems do ex-
actly what they are inadvertently asked
to do — and fly perfectly good airplanes
into the ground.

Figure 12. This accident site, the same as shown on page 1, is on a downslope just four miles
from the intended landing runway. The airplane was experiencing gusty winds and heavy
snow, and was at an altitude well below approach minimums when it hit the mountain.
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MSgt Barbara J. White

552 EMS, 552 ACW
Tinker AFB OK

- accomplishment of the wing’s 1

Ground Safe

tlon. Her effdrts have éontri

 tions in unit ground safety mishaps—zero fa ah ies in tl

years, Sergeant White’s m1shap prevention program is 'responslble S

for saving valuable lives and resources while contributing to the
building and maintaining of the high morale and standards of the

552d Equipment Maintenance Squadron. In identifying trends, she _
personally developed a lockout/tagout program. These programs

were so successful that they were benchmarked for implementation
by the wing safety staff. Sergeant White also conducts comprehen-
sive training on job safety training outlines. :

Training programs are a top priority for Sergeant White. Solid
training programs begin in her own office. As the primary unit
safety representative for the squadron, Sergeant White developed
a job safety training outline that received an “Excellent” from the
wing safety staff. She also established flight level process books
and conducted extensive training for 30 work centers. She routinely
meets with all work center safety representatives to provide “up-
dates” on trends and recent safety changes. This training has cre-
ated an excellent rapport with the work center safety representa-
tives and is a definite plus for successful program implementation.

A critical program like ground safety can be drastically impaired
without the “written word.” She has either developed or revised
each of the unit’s safety programs to ensure quality products. Her
job safety training outline, lockout/tagout training plan, and con-
fined space training plan have been sought out by several other
unit safety representatives within the wing.

Safety is a continuously dynamic plan and it is professionals like
Sergeant White that put the program in focus.
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. (WSEP). . Furthermore, his

~ perform safety d“utles He effe‘c Jve_ylceordmat.es trammg for all
- members of the WEG safety team Sergean’t Shaw also ma.mtalns
“an extensive database of IFE reports to 1dent1fy trends and correct
potential problems Sergeant Shaw is a key element to the 475 :
WEG’s outstanding safety program. His expert knowledge on safety MSgt David A. Shaw
and effective drone operations drove our team from a “Satisfactory” 5 475 WEG, 53 WG
to an “Outstanding.” He is a true example of contlnuous 1mprove- Tyndall AFB FL
ment in the Air Force.
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,ngth _s.ﬂqe erall pr _ ns
nchmarked by the 53 WG/SEW mspector to 1mprove the wing

i’ ' _jd B ished asset in the safety division. His exemplary performance has
: { qulckly g‘amed respect from leadershlp and wor kers throughout the '

B group
MSgt Edsel Hidalgo | -

475 WEG, 53 WG
Tyndall AFB FL g

program. -‘Sergeant Hldalgo’ s “can do” attitude make him a cher- z
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DTS may provide the edge

statistic and living to fly and

Edge August 1986
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n the April 1996 issue of The Combat

Edge, Colonel Tomczak’s “Accent on

Safety” column contained an inter-
esting and thought provoking concept;
that most people feel they are among the
best at what they do. He stated, “In an
average Air Force flying squadron, 25%
of the folks think they’re in the top 1%.”
A little later in his column, he further
stated that “It’s important to remember
that there are a myriad of factors that af-
fect how we can perform on any given day:
personal life, training proficiency,

weather, aircraft condition, distractions,

U1 S USes ine radar altimet@ 10 measura the.aireraft altitude above the terratfand.
calc J.u.rx the tarrain MSL sltfiude byysubtracting the.alrcraft AGL frommithe Juunuu-

Mean Sea
Level (MSL)

Blid matehas the terraifiielavati

| wingmen, and recent flying experience.”

These thoughts and comments are an ex-
cellent lead-in for a discussion on a system
which will help save lives when one of
these “myriad of factors” raises its ugly
head. The system is called the Digital Ter-
rain System (DTS), and it is presently
being incorporated into the F-16.

In a nutshell, DTS is an enhanced navi-
gation and predictive ground collision
avoidance system. It is not an autopilot
and it will not fly the plane in an emer-
gency situation. DTS will, however,
provide aural and visual cues to the pilot
for Predictive Ground
Collision Avoidance
(PGCAS), Obstruction
Warning and Cuing,
and Database Terrain
Following. Figure 1
will help you under-
stand how this system
works. To start off with,
Inertial Navigation
System (INS) informa-
tion is used to roughly
locate the aircraft on a

3 radar altimetersne (Ne.NS. The

1 .
anffican automaticaily Torrain 0
Elovation
Profile

BTTAITT Clearant
updats the INS.

FIGURE 1

“map” of the terrain
over which the pilot is
flying. This “map” is
composed of Digital Ter-
rain Elevation Data
(DTED) which contains
height information
about the terrain. Using the plane’s ra-
dar altimeter, the system correlates
altimeter returns to the stored DTED da-
tabase and the aircraft is precisely
located.

Once the position of the plane has been
located within the database, DTS begins
to examine the terrain versus the
aircraft’s present and potential flight
paths. Using the aircraft’s current and
projected heading, the system continually

Digital Terrain
Elevation Databa
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calculates if the plane is
in danger of impacting
the terrain. If a poten-
tial impact is detected,
DTS issues an aural
warning and a “Break-
X” is displayed on the
HUD (Figure 2). These
warnings are given with
enough advanced notice
to allow you to react to
the warning and per-
form an  evasive
maneuver.

Falrchiid Detense
Predictive Ground Collision Al S
Avoidancei8ystem (PGOUAS) 'a
|
i
2

Etfective at all Attlludes

» Predictive Ground Collision Avoidance System (FGCAS)
- Systemlooks ahead alongjaircraft fiight pativector
- Knowledge of the terrain data base allows for sufficient
terraify clearance warnings at aljjattitudes

The advantage of
DTS over a standard
GI‘OUI.ld Proximity FIGURE 2
Warning System
(GPWS) is that DTS is predictive and op-
erates in three-dimensional space. What
this means is that DTS “sees” the moun-
tain which is beyond the ridge that you
are approaching, sees the walls of the can-
yon through which you are flying, sees the
cliffs toward which you are advancing,
and sees the terrain that you will encoun-
ter even before you maneuver towards it.
In addition, DTS functions regardless of
aircraft attitude. For example, while in-
verted, radar altimeters do not provide
useful information (ex- '
cept in the A-10), but
DTS still works since
the INS provides suffi-
cient aircraft state
information to allow the
system to function. The
bottom line ... you have
360 degrees of protec-
tion.

Figure 3 depicts an-
other feature of DTS;

» O3S will help wrevent aircraidplidt lvsses

tabase. As intelligence efforts uncover
new obstructions, these can also be en-
tered into the system. During a mission,
the system alerts you to registered ob-
structions to low level flight both on your
flight path and to your sides thus improv-
ing your situational awareness and
safety.

Database Terrain Following (DBTF) is
another DTS feature which increases
your safety factor when flying LANTIRN
and other low level missions. In this

Fairchild Defense

Opstruction Warning/Cuing:

Ry;OveriforOLstruction]
alofg Flight Bty

[gwers Gpntained fpEigitat)
Vertical Obstruglomb s Ewss |

- Advisgryfar
Obstrijctions
near Fiight Path’

Obstruction Warning
and Cuing. Obstruc-
tions include things like
towers, power lines, and
buildings which are not
in the normal DTED da-

» Scans Stored Obstruction Data Base
- Alerts piiot to registered obstructions to low levelifiight
- Allows flight over known;obstructions atong flight path
- Provides advisory for obstructions nearibut not directly in
ine with fiight;path
s Enhantives Saisly

FIGURE 3
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mode of operation, the desired height
above the terrain is maintained by keep-
ing the aircraft vector in a vertical
steering box. As mentioned earlier, DTS
does not fly the plane, it only provides
cuing information and warnings. Figure
4 illustrates how DBTF works. A clear-
ance height is set (the illustration shows
200 feet) and the DTS algorithm looks
ahead into the database. A confidence
factor is also taken into account assur-
ing that inaccuracies in the database or
flight instruments do not put you into

Digitall Terrain System Functions

DateBase Terrain Following

Ff‘g?pﬂ PattiAdaptad fof
LotkiAtend Tnte Dtk NAV Pusttior Confidarce

Bass Yiel@mCampiets (/110
af TerrAlHF #atures

DBTF Commapd

I . T g
ke Ser Clamunce.
Heigtt

Dlgafii NI ElevatiomData Base

ngiv L: m's ]

TarratroFollowiy
Vertical Steesrina Cle

the F-16. In fact, the DTS functions are
accomplished by using equipment already
on the aircraft such as the Inertial Navi-
gation System, Altimeters, Head Up
Display (HUD), Voice Message Unit, and
Data Transfer Unit plus one new piece of
equipment; the Mega Data Transfer Car-
tridge with Processor (MDTC/P). The
MDTC/P performs all of the mission plan-
ning and avionics initialization functions
associated with a standard Data Trans-
fer Cartridge but, in addition, also
contains mass memory, a digital signal
processor, and the DTS
algorithm. Since both
the algorithm and the
DTED data reside in
the MDTC/P, the only
requirement placed on
the aircraft’s mission
computer is to provide
the necessary raw data
to the data transfer
equipment and to route
the DTS visual and au-
ral cues back to the

Fairchild Detense

+ Data Base Terrain Following
- Vertical steering commands generated
- Data base serves as “sensor”

« Terrain clearance adapts for navigation position certainty

FIGURE 4

danger. During the flight, the terrain fol-
lowing steering box provides visual cues
to maintain the set clearance height. As
DTS detects terrain features such as
ridges and mountains, the steering cue
will reflect the vertical maneuver needed
to clear the terrain without ballooning.
Since DTS is predictive and operates from
a terrain database, terrain features
which would be hidden from a forward
looking radar based system will be de-
tected and the appropriate flight cues
provided.

As mentioned earlier, the Digital Terrain
System is presently being integrated into

HUD and Voice Mes-
sage Unit, respectively.
Changes to the mission
computer’s Opera-
tional Flight Program
have already been in-
corporated into several
of the early Block F-16s and, within the
next few years, the remaining Blocks will
also contain the necessary modifications.
Therefore, depending on what Block F-16
you fly, you can presently, or in the very
near future, walk up to your plane, insert
an MDTC/P, and have all the benefits of
the Digital Terrain System.

DTS is not going to magically save ev-
ery aircraft in every situation. But, in
today’s intense training and operational
environments, DTS may provide the edge
between being a statistic and living to fly
and fight another day.. The life it saves
may be your own. n
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