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ISASI’s Silent Benefactors
By Frank Del Gandio, President
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PRESIDENT’S VIEW

Small membership, nonprofit organizations such
as ours depend almost entirely upon its mem-
bers’ generosity in giving their time, knowledge,
and in-house resources, to say nothing of prompt
dues payments, to make the organization’s
programs successful—indeed, to initiate, to
establish, and to operate those same programs.

And to all of you, your International Council members and I say
a gargantuan “Thank You!”

Today, I would also like to recognize those we call “silent
benefactors.” These members are those among you who go one
step beyond the norm—those of you who so willingly, and
without personal prompting, send cash contribution to help the
Society fund its needs and its programs. These funds come to us
earmarked for the recently created memorial scholarship, for
the central treasury, or for some other program the contributor
may hold close to the heart. Whatever the case may be, the
monies are directed to that cause for which contributed.

Because we are in the application submission/selection time
frame, let me give an overview of the Rudolph Kapustin Memo-
rial Scholarship Fund, which your Society established in 2002
and which to date has selected three recipients. Notably, the
Dutch Transport Safety Board has placed one of these recipients
in its investigative workforce.

The family of Rudy Kapustin, a long-term ISASI safety
stalwart whose accident investigatory skills brought him
worldwide renown as an investigator working for the National
Transportation Safety Board (USA), initiated the scholarship
idea. Rudy’s family wanted his heritage of accident investigation
to live on and believed that introducing aviation-oriented
students to the profession was the way to accomplish this. Your
ISASI Council further defined and established the scholarship
program, which is dedicated to the memory of all deceased
ISASI members but carries Rudy’s name for his sterling
contributions.

The purpose of the scholarship is to encourage and assist
college-level students interested in the field of aviation safety
and aircraft occurrence investigation. To be eligible, a student
must be enrolled as a full-time student in an ISASI-recognized
college-level education program. The program stipulates various
areas of study that must be addressed and focuses on aircraft
accident and incidents investigation and aviation safety (see
Forum October-December 2004, page 27).

A scholarship of $1,500 is provided to the selectee, and he/she
must agree to attend the next ISASI annual seminar. Scholar-
ship funds are intended to help offset the costs of the ISASI
seminar registration fees, travel, and lodging. Here again, some
“silent benefactors” have unexpectedly come into play. Because
we meet in worldwide locations, the scholarship award most

likely would be insufficient to cover air travel and related costs
to distant places from the recipient’s home base. Such was the
case in last year’s Australia seminar. Emirates Airways,
platinum sponsor of the seminar, stepped in and eased costs by
donating earned (platinum) credits to the selectee.

Another silent benefactor, Southern California Safety
Institute—a zealous ISASI corporate member—has instituted
an add-on to the Kapustin Memorial Scholarship. The presti-
gious and ardent safety school is providing each scholarship
winner tuition-free attendance at its renowned aircraft accident

investigation course or at any one of the other SCSI scheduled
investigation courses. Unfortunately, SCSI is unable to fund
travel or accommodations as part of its supplied benefit. One of
our scholars has already taken advantage of this generous
tuition-free gift. The scholar must meet all other expenses on
his/her own.

I leave you with these thoughts: First, ISASI needs funds to
continue this and other worthwhile programs. All donations to
ISASI are tax-deductible (U.S.) and donors receive a receipt for
contributions. Second, ISASI is not receiving near enough
applications from students. Help us spread the word of the
scholarship’s availability. Think about arranging to give a
presentation at an aviation school on ISASI, aviation safety, and
the scholarship program. Students at such schools are extremely
important to ISASI and the aviation community. With help from
silent benefactors, they will fulfill their destined role of maintain-
ing and improving aviation safety through investigation. ◆
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Internet Speeds Investigative Results
By Ron Schleede, Vice-President
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V.P.’S CORNER

In previous writings, I
mentioned my continuing
concerns about the lack of
timely and accurate
communication of safety
information and lessons
learned from investiga-

tions of accidents and incidents. It was my
experience over the past 30-plus years
that information critical to preventing
future accidents was not getting to all of
the right persons and/or organizations.
Further, lessons learned by investigators
regarding new and innovative investiga-
tion techniques were not always available
to other investigators in a timely or
systemic manner.

I was often made aware that there was
a strong desire by pilots, mechanics, flight
attendants, air traffic controllers,
investigators, safety managers, etc., to
learn about the progress and findings of
investigations, particularly when the
occurrence involved their particular area
of work and responsibilities in the aviation
system. Unfortunately, they most often
had to rely on news media reports and
“filtered” or “twisted” reports from less-
than-objective sources. Most interested
persons had no timely access to objective
investigation factual data or final reports
and safety recommendations.

I was also often aware that, other than
ISASI seminars, ISASI Forum, and
periodic ICAO-sponsored seminars, there
were no systemic means available for air
safety investigators to gain timely insight
into other investigators’ new and innova-
tive investigation techniques and other
lessons learned.

Part of the problems of the past can be
attributed to archaic means of distributing
information. For example, reports and
other publications were produced in hard
copy only and made available to a limited
number of recipients, long after the date of
the occurrence. Those problems should no
longer exist because of the development of
Internet websites and electronic newslet-

ters, etc., that provide the capability for
worldwide distribution—virtually in real
time—to all potential users. For example,
the recent public release of a few high-
visibility accident reports by independent
investigative agencies included electronic
notification of the releases and links to the
press releases, investigator factual reports,
and final reports.

Many of us now learn about such
releases within hours by means of the
Flight Safety information
(www.fsinfo.org) daily electronic newslet-
ter distributed as an e-mail from Curt
Lewis, ISASI U.S. Councilor. Also, some
investigative agencies and a few other
organizations now provide electronic
notification of newly released reports and
other information for subscribers to their
websites, a service I certainly appreciate
and use on a daily basis.

Of course, Internet notification and
distribution of accident/incident informa-
tion is not new, although it has really only
emerged and grown in scope in the past
10 years or so. This situation prompted
me to do some Internet surfing to
determine what resources were available
to air safety investigators and safety
managers. I found numerous resources;
however, I could not locate any compre-
hensive lists, without considerable effort.
Therefore, I decided to generate a list of
Internet websites that might be useful to
members of ISASI and others. I define
“useful” in this context to mean: 1) useful
for timely distribution of safety informa-
tion and 2) useful for disseminating
investigative lessons learned, so other
investigators may benefit from the work
of other investigators.

Below are links that I have placed in my
“favorites.” I hope that others will find
them useful. There are four groups of
links: 1) government investigation agen-
cies, 2) accident/incident databases, statis-
tics, accident reports, and current and
historical material, including laws and reg-
ulations, 3) regional and international

organizations, and 4) confidential incident
reporting programs (useful for investiga-
tors to query for similar occurrences with-
out compromising privacy issues) . Some
of the sites offer free subscription services
whereby subscribers receive electronic
notification (e-mail) when new material is
added to the site, while some of them
provide periodic electronic newsletters.

I find electronic notification and
newsletter services very useful, and I
would urge that more organizations
incorporate these services in the future,
particularly investigation agencies, which
are in a position to publish objective
information. Internet notifications and
updates provide an excellent means to
issue interim factual information, highlight
interim safety actions taken or needed, and
to outline the progress of the investigation,
including investigative methods and
techniques being explored. These services
enable the dissemination of lessons learned
and are an excellent resource for air safety
investigators to learn about other investi-
gators’ work during the entire process of
an investigation.

I am sure that I have overlooked
additional sites and apologize in advance.
If any readers are aware of sites that
should be added to the lists or if there are
mistakes in the lists provided herein,
please send me a note at RonSchleede@
cox.net and copy to ISASI@erols.com so
that we can maintain a current and
complete list at the ISASI office. We also
may reprint the list in future Forums and
will place them on the ISASI website.

Some of the following links are in the
local language; however, they include the
option to open an English language
version of the site. Some offer other ICAO
language access.

Government
Investigation Agencies
Australia—Transport Safety Bureau
www.atsb.gov.au
(continued on page 30)
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(This article was adapted, with permission,
from the author’s presentation entitled
Managing Fatigue as an Integral Part of a
Fatigue Risk Management System, pre-
sented at the ISASI 2004 seminar held in
Australia’s Gold Coast region Aug. 30 to
Sept. 2, 2004, which carried the theme “In-
vestigate, Communicate, and Educate.”
The full presentation including cited ref-
erences index is on the ISASI website at
www.isasi.org.—Editor)

Mental fatigue associated with work-
ing conditions has been identified
as a major occupational health and

safety risk in most developed nations. In
part, this has been driven by scientific evi-
dence indicating an association between in-
creasing fatigue and declines in cognitive
function, impaired performance, increasing
error rates, and ultimately, reduced safety.
Accordingly, governments and safety pro-
fessionals have argued that mental fatigue
is an identifiable workplace hazard that war-
rants regulatory attention (all references to
fatigue imply mental fatigue unless specifi-
cally indicated otherwise).

Traditionally, efforts in fatigue risk man-
agement have attempted to reduce fatigue- related risk through compliance with an

agreed set of rules governing hours of work.
In the U.S. these are generally referred to
as the hours of service (HOS) rule. At the
most fundamental level, regulation has in-
volved the prescription of maximum shift
and minimum break durations for individual
shifts or work periods. In addition, some in-
dustries and organizations have supple-
mented individual shift rules with supra-
shift rules that further restrict the total
number of sequential shifts or cumulative
hours worked in a given period (e.g., week,
month, or year). These limitations have typi-
cally been imposed coercively via a regula-
tory body or “voluntarily” through a labor
contract.

The traditional prescriptive HOS ap-
proach most probably derives from earlier
regulatory approaches for managing
physical rather than mental fatigue. In the
early part of the 20th century, occupational
health and safety (OH&S) hazards related
to physical fatigue were managed prima-
rily by regulating the duration of work and
non-work periods. Previous research had
indicated that physical fatigue accumulates
and discharges in a broadly monotonic man-
ner with respect to time. As such, manag-
ing physical fatigue by limiting work hours
and break periods was both scientifically de-

fensible and operationally practical.
It is common to use analogous ap-

proaches for the regulation of a new haz-
ard. However, in the case of mental fatigue,
this approach incorrectly assumes that the
determinants of mental fatigue are similar
to those of physical fatigue. While it is true
that mental fatigue does, in part, accumu-
late in a relatively linear manner, there are
significant additional non-linearities driving
the dynamics of fatigue and recovery pro-
cesses for mental fatigue.

Circadian biology, for example, influences
the dynamics of fatigue accumulation and
recovery in a way that produces significant
non-linearities. For example, prescriptive
limitations on shift duration generally as-
sume that a break of a given length has a
uniform recovery value with respect to men-
tal fatigue. While this may be relatively true
with respect to physical fatigue, it is demon-
strably not the case with respect to mental
fatigue. Indeed, providing the same length
of time off during the subjective day, as op-
posed to subjective night, will result in a sig-
nificantly reduced amount of recovery sleep.

In our opinion, estimating the level of
mental fatigue associated with a given pat-
tern of work is linked more to the timing
and duration of sleep and wake within the
break, rather than the duration of the break
alone. Although there is clear scientific evi-
dence to support this notion, few regulatory
models acknowledge it explicitly. As de-
picted in Figure 1, it is our view that regu-
latory models based only on shift duration
are unlikely to produce congruence be-
tween what is safe and what is permitted

Professor Drew Dawson
is currently the director of
the Centre for Sleep
Research at the Univer-
sity of South Australia.
He is nationally and
internationally recog-

nized for his contributions to the scientific
community and to industry in the areas
of organizational psychology and human
factors, industrial relations negotiations,
and the human implications of hours of
work. He has worked extensively with the
aviation, manufacturing, retail, enter-
tainment, transportation, and mining
sectors in Australia and is internation-
ally recognized as a consultant on fatigue
in the workplace.

Kirsty McCullough is a
Ph.D. research student at
the Centre of Sleep
Research, University of
South Australia. (The
authors extend their
thanks to Dr. Angela

Baker, Dr. Sally Ferguson, and Dr. Adam
Fletcher for their comments and input to
the presented work.)

Managing
Mental
Fatigue

Traditionally regulation rule sets
have managed fatigue based on

physical fatigue attributes rather
than those of mental fatigue. This
approach incorrectly assumes that
the determinants of mental fatigue

are similar to those of physical
fatigue. A potential alternative is
a shift from prescriptive hours of

service limitations toward
a broader safety management

system approach.
By Professor Drew Dawson

and Kirsty McCullough, University
of South Australia

Figure 1: Effective regulatory models
should provide congruence between what
is safe and permitted as well as what is
unsafe and not permitted. This is often
not the reality with traditional prescrip-
tive HOS regulatory approaches.

No photo
available
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and what is unsafe and not permitted.
The relationship between the recovery

value of non-work periods (vis-à-vis mental
fatigue) and the actual amount of sleep ob-
tained has become increasingly complex in
recent years. In addition to the biological
limitations of this approach, increases in
total working hours, lengthening of shift
durations from 8 to 12 hours, and concur-
rent reductions in breaks from 16 to 12
hours have significantly restricted the op-
portunity for sleep. Furthermore, changes
in workforce demographics and the social
use of time in and outside the workplace
have exerted additional downward pressure
on the amount of time individuals choose to
allocate for sleep.

Recent trends
As noted, many of the current approaches
to mental fatigue management have focused
on hours of service. However, these ap-
proaches may be of limited value in the sys-
tematic management of fatigue-related risk.
This has been particularly highlighted by
recent research and policy initiatives in the
U.S., Australia, Canada, and New Zealand.
In these jurisdictions, there is an emerging,
albeit controversial, view that alternatives to
prescriptive models of fatigue management
might be more usefully explored. Moreover,
relative to traditional prescriptive ap-
proaches, that alternative approaches may
hold significant potential for improved safety
and greater operational flexibility.

To date, most alternative approaches to
prescriptive HOS embed fatigue manage-
ment within the general context of a safety
management system (SMS) and, arguably,
provide a more defensible conceptual and
scientific basis for managing fatigue-related
risk as well as the potential for greater op-
erational flexibility. This is in marked con-
trast to current HOS models whose roots
are inextricably bound up in the history of
their labor relation’s process, where the
primacy of short-term financial factors has
frequently distorted safety outcomes.

Despite the theoretical attraction of alter-
native approaches to prescriptive HOS,
many commentators have, with good reason,
expressed reservations about their actual
benefits in practice. For example, an increase
in the flexibility of the HOS regulation has
often been interpreted (by employees and
their representatives) as a disingenuous at-
tempt to deregulate or subvert current or
proposed HOS rules. Conversely, tightening
of the HOS regulation to reduce fatigue has

sometimes been interpreted (by employer
groups and their advocates) as a disingenu-
ous attempt to leverage better pay and con-
ditions, rather than improve safety.

For the last few years, our research
group has conducted extensive consultation
with industry stakeholders and regulators
in several countries and in a variety of in-
dustries to understand how fatigue might
best be managed using alternative ap-
proaches. In doing so, we have canvassed
two broad approaches. First, the modifica-
tion of traditional prescriptive HOS regu-
lations to ensure they address matters re-
lated to legal and scientific defensibility as
well as operational flexibility. Second, we
have considered alternative regulatory
models that might be used as the basis of a
new approach that meets the previously
mentioned goals of scientific defensibility
and flexibility.

Our objective was to establish a well-
structured view of how fatigue might best
be regulated, as well as the most appropri-
ate way in which such reform might be
achieved at the practical level.

On the basis of discussions with indus-
try, we believe there is an emerging con-
sensual view that
• given the diversity of modern organiza-
tional practice, a traditional prescriptive
HOS approach may not be the most appro-
priate or only way to manage fatigue-re-
lated risk.
• alternative approaches to prescriptive
HOS for fatigue management have signifi-
cant potential to improve operational flex-
ibility and safety.
• alternative approaches also hold signifi-
cant potential to be abused by organizations
or individuals for whom regulatory enforce-
ment is a low-probability event and/or the
consequences of non-compliance are trivial.
• alternative approaches will require a sig-
nificant maturation in organizational and
regulatory culture if they are to be success-
ful in reducing fatigue-related risks to the
community.
• there should be a standard methodology
of measuring outcomes and program efficacy.

An alternative approach
On the basis of discussions with key indus-
try and regulatory stakeholders, our view
is that the most appropriate solution for
effective fatigue management is to expand
the regulatory framework from a prescrip-
tive HOS approach and to permit certain
organizations to use an SMS approach. This

would be based on existing occupational
safety and health standards, practices, and
principles (e.g., Canadian OH&S act; the
OHSAS 18001; the Australian/New Zealand
standard for occupational health and safety
management systems AS/NZS 4801:2001).
From this perspective, fatigue would be
managed as an “identifiable OH&S hazard”
and would be one part of a more general
organizational SMS.

It may also be useful to expand the use of
a prescription/compliance perspective to in-
clude approaches that emphasize outcomes.
That is, rather than prescribing one univer-
sal rule set, the management of safety risks
could be effectively achieved in a variety of
organization- or industry-specific ways. In
doing so, each organization or industry would
be responsible for developing a fatigue risk
management “code-of-practice,” and
through formal review processes, continue
to refine and improve the safety environment
vis-à-vis fatigue. According to this view, the
role of regulation would be to legislate for
an outcome (e.g., a reduction in fatigue-re-
lated risk) rather than assume that compli-
ance with a prescriptive HOS standard im-
plies, and ensures, a given level of safety.

To date, most examples of outcome-based
systems for fatigue risk management have
been developed within the transportation
sector. These include the Transitional Fa-
tigue Management Program, developed by
Queensland Transport; the Australian Civil
Aviation Safety Authority (CASA) Fatigue
Risk Management System; fatigue risk
management programs of a number of Aus-
tralian rail organizations; and the North
American Federal Railroad Administration.
In addition, air traffic controllers in both
Australia and New Zealand have used hy-
brid prescription/outcome-based ap-
proaches for several years.

Initial pilot studies or projects using out-
come-based fatigue risk management have
had mixed results with early evaluations
suggesting the approach has considerable
potential but significant risks associated
with poor enforcement and assessment.
Furthermore, there has been minimal work
assessing their longer-term efficacy or en-
forceability. Until such projects mature and
evaluative research is published, the scien-
tific safety community should continue to
develop and refine the conceptual frame-
work that underlies such systems.

Traditionally, and particularly within
Europe, it is common for policymakers (of-
ten in conjunction with relevant research-
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ter patterns or flexible rosters that are con-
structed from preapproved scheduling fea-
tures (e.g., no more than four night shifts
in a row, or no break less than 8 hours).
Using this approach, a roster or schedule is
deemed acceptable if it does not contain any
unapproved features. Advantage? The ros-
ter is treated as an integrated whole. Dis-
advantage? It is difficult to generalize to
novel or innovative rosters or schedules.

Furthermore, the approach fails to iden-
tify individual differences in fatigue-related

ate use of an adequate recovery period.
To gain the generalizability and flexibil-

ity of a feature-based approach, without the
disadvantages of inadvertent interaction
between features, let’s look at a novel meth-
odology for defining the degree of fatigue
likely to be associated with a particular ros-
ter or schedule. Before addressing the de-
tails of that approach, it is particularly im-
portant to understand the way fatigue man-
agement has been traditionally approached
—notably, that it has been addressed pri-
marily as a labor relations, rather than a
safety management, issue.

A conceptual framework
Most regulatory frameworks to date have
not considered mental fatigue as a hazard
to be managed as part of a safety manage-
ment system. Instead, it has been managed

through compliance with a set of externally
imposed prescriptive rules. While this is
understandable, there is no reason, other
than historical bias, that precludes the use
of the same SMS principles that would ap-
ply for any other identifiable safety hazard.

Furthermore, this conceptual framework
would provide a sounder conceptual basis
for managing fatigue-related risk fatigue
management. In addition, it could easily sit
within the pre-existing and emerging SMS
frameworks currently advocated by regu-
lators and safety professionals.

This methodology can be represented
using Reason’s (1997) hazard-control frame-
work. A fatigue-related accident or incident
(FRI) is seen as only the final point of a
longer causal chain of events or “error tra-
jectory.” An examination of the error tra-
jectory associated with an FRI will indicate
that there are four levels of antecedent
event common to any FRI.

From Figure 2, an FRI is merely the end
point of a causal chain of events or “error
trajectory” and is always preceded by a com-
mon sequence of event classifications that
lead to the actual incident. Thus, an FRI is
always preceded by a fatigue-related error
(FRE). Each FRE, in turn, will be associ-
ated with an individual in a fatigued state,
exhibiting fatigue-related symptomology or
behaviors. The fatigued state in the indi-
vidual will, in turn, be preceded by insuffi-
cient recovery sleep or excessive wakeful-
ness. Insufficient sleep or excessive wake-
fulness will be caused by either (a)
insufficient recovery sleep during an ad-
equate break (e.g., fail to obtain sufficient
sleep for reasons beyond their control, choos-
ing to engage in non-sleep activities, or a
sleep disorder) or (b) by an inadequate break.
(e.g., the roster or schedule did not provide
an adequate opportunity for sufficient sleep).

Each of the four steps in the general er-
ror trajectory for an FRI provides the op-
portunity to identify potential incidents and,
more importantly, the presence (or absence)
of appropriate control mechanisms in the
system. It is also often the case that many
more potential incidents (i.e., “near misses”)
will occur than actual incidents and that
these could, if monitored, provide a signifi-
cant opportunity to identify fatigue-related
risk and to modify organizational process
prior to an actual FRI.

Potentially, this framework would enable
the identification of the root causes of many
potential FRIs in a logical and consistent
manner. In addition, effective hazard control

Figure 2: Fatigue risk trajectory. There are
multiple layers that precede a fatigue-
related incident, for which there are
identifiable hazards and controls. An
effective fatigue risk management system
should attempt to manage each layer of
risk. (PSWM—Prior sleep/wake model).

ers) to develop recommendations on what
are considered acceptable shifts and/or pat-
terns of work. For example, forward rotat-
ing shifts, maximum number of sequential
working days, length of shift (8, 10, or 12
hours), and minimum number of days off
required for recovery. These, in turn, have
been published and subsequently held up
as de facto standard. Using these standards,
shifts are constructed as either stable ros-

risk. This approach assumes, at least implic-
itly, that the effects of a given shift system
are similar for all individuals. That is, it fails
to address potential interactions between the
shift system and employee demographics. A
final criticism is that it fails to distinguish
between work-related causes of fatigue and
fatigue due to non-work-related causes.
That is, it is possible for an individual to
arrive at work fatigued due to inappropri-
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measures for fatigue-related risk at each
“level” of control can systematically be or-
ganized and implemented using a systems-
based approach. The figure also implies that
the incidence of fatigue-related incidents can
be reduced by more coordinated or inte-
grated control of the antecedent events or
behaviors that constitute potential or “latent”
failures of the safety system.

Effective management of fatigue-related
risk requires a fatigue risk management
system (FRMS) that implements task and
organizationally appropriate control mecha-
nisms for each point in the theoretical er-
ror trajectory. Where an organization fails
to develop appropriate controls at each level
of the hierarchy, it is unlikely that, overall,
the system will be well-defended against
fatigue-related incidents.

The regulatory approach
Figure 2 also provides a useful way of un-
derstanding (1) the piecemeal and uncoor-
dinated nature of many regulatory ap-
proaches to fatigue management to date
and (2) why unintegrated approaches to
managing fatigue-related risk (such as sole
use of prescriptive HOS rules) may not be
entirely successful.

In general, accident investigations have
focused primarily on later segments of the
error trajectory when trying to identify
whether fatigue was a contributing factor.
Conversely, when framing regulatory re-
sponses to fatigue-related incidents (as a con-
trol measure), there have rarely been sys-
tematic attempts to address all levels and few,
if any, directed to lower levels of the error
trajectory. In doing so, policymakers have
assumed that compliance with prescriptive
HOS rule sets and other relevant labor
agreements constitutes an effective control
measure for fatigue-related risk. As such,
even if individual organizations were to
achieve explicit compliance (admittedly a far-
cical assumption in many industries), they
implicitly (and erroneously) assume that
• a rule set can determine reliably whether
an individual will be fatigued (or not) and,
• individual employees always use an os-
tensibly adequate opportunity for sleep
appropriately and obtain sufficient sleep.

Since, in many situations, these two as-
sumptions are demonstrably untrue, an ef-
fective FRMS must provide additional lev-
els of controls for those occasions when the
preceding levels of control might prove in-
effective.

As can be seen from recent alternative

systems-approach initiatives, there can be
very different intellectual and emotional
perspectives on the appropriateness and
relative merits of different control mecha-
nisms at a single level of the diagram in Fig-
ure 2. For example, in recent years there
has been considerable discussion as to the
relative merits of fatigue modeling and the
more traditional HOS approaches.

From the perspective in Figure 2, both
are only Level 1 control strategies that at-
tempt to ensure that employees are given,
on average, an adequate opportunity to gain
sufficient sleep. Since this is only a proba-
bilistic determination and no hazard-control
mechanism is perfect, neither will prevent
all error trajectories in Figure 2 projecting
beyond Level 1. Thus, a system with little
or no hazard controls at Level 2 or beyond
may be quite poorly defended against
FREs. Similarly, in a system that has very
effective hazard-control strategies at Lev-
els 2-4, debates about the relative merits of
different Level 1 strategies could arguably
be considered moot.

A novel conceptual basis
Let’ s now look at a novel conceptual basis for
the development of appropriate control
mechanisms for fatigue-related hazards and
the scientific justification for such an approach.

Figure 2 illustrates that an effective ap-
proach to fatigue management will require
a variety of control measures applied at each
of the four points on the error trajectory.
Thus, an effective FRMS would require
control procedures at Level 1 of the error
trajectory that ensure employees are pro-
vided with an adequate opportunity for
sleep. It would also require control proce-
dures at Level 2 that ensure that employ-
ees who are given an adequate opportunity
for sleep actually obtain it. At Level 3 we
need to ensure that employees who obtained
what is considered, on average, sufficient
sleep are not experiencing actual fatigue-
related behaviors (e.g., due to sleep disor-
ders, non-work demands, or individual dif-
ferences in sleep need). The use of symp-
tom checklists or subjective fatigue scales
is an example of control procedures at this
level. Similarly, we would need control pro-
cedures at Level 4 to identify the occurrence
of FRE that did not lead to an FRI. Finally,
an effective FRMS would require an inci-
dent analysis and investigation procedure
to identify those occasions when all the con-
trol mechanisms failed to prevent an FRI.

Editorial space does not permit address-

ing the development of appropriate control
procedures at Level 3 and above. So, the
focus will be on a novel conceptual frame-
work for the design and implementation of
control procedures at Levels 1 and 2 of the
error trajectory outlined in Figure 2. That
is, control methods for determining whether
• a roster or schedule provides, on aver-
age, an adequate opportunity to obtain suf-
ficient sleep, and,
• if so, whether an individual has actually
obtained sufficient sleep.

Existing efforts
Historically, the principal Level 1 control
mechanism has been the development of pre-
scriptive HOS rule systems that purport to
provide adequate opportunity for sleep. In
recent years there has been an emerging
scientific and regulatory consensus that
many of our prescriptive shift work rules do
not provide a reliable control mechanism that
prevents fatigued individuals from undertak-
ing unsafe working practices. This is due
primarily to a failure to distinguish between
• non-work and sleep time in determining
the recovery value of time off, and
• the failure to take into account the time
of day at which shifts or breaks occur.

As a consequence, there has been a
strong move toward developing different
approaches to ensure an adequate average
opportunity to obtain sleep for fatigue risk
management. Broadly speaking, these can
be divided into two groups
• modified prescription, and
• fatigue modeling.

From a practical perspective, it is impor-
tant to determine whether a given shift sys-
tem, on average, enables an individual to
report fit for duty. That is, whether the par-
ticular pattern of work provides adequate
opportunity for sleep. Recently, fatigue
modeling has provided an appealing alter-
native to traditional prescriptive ap-
proaches in that it appears more “scientific”
and it provides a reliable method to deter-
mine whether a pattern of work adequately
limits waking time and provides adequate
opportunity for sleep. For a comprehensive
review of existing models, see the 2004 is-
sue of Aviation, Space, and Environmen-
tal Medicine.

While some of the models are extremely
useful for predicting average levels of fatigue
at the organizational level, they are not par-
ticularly useful for determining whether a
given individual is fit for duty on a given oc-
casion. Specifically, such approaches are un-
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they provide little or no guidance for deter-
mining the likelihood of fatigue and, there-
fore, fatigue-related risk on a day-to-day
basis for individuals within the organization.

There have been some attempts to de-
velop control mechanisms for fatigue at
higher levels in the error trajectory. For
example, in some regulatory environments
individuals have been assigned the right
and/or responsibility to override prescrip-
tive guidelines where they believe it is ap-
propriate (e.g., Civil Aviation Order 48). The
difficulty with this requirement is the reli-
ability of self-assessment of fatigue. Al-
though people can estimate their level of
fatigue or alertness with some degree of
reliability, we have very little scientific evi-
dence to support the notion that individu-
als can use this information to make reli-
able subjective judgments about the con-
comitant level of risk or safety and relative
fitness for duty. It also ignores the very real
potential for coercive financial, social, and
operational pressures to distort effective
decision-making in this area.

to support the hypothesis that improved
knowledge of the determinants of fatigue
and potential countermeasures leads to
improved hazard control.

Given the shortcomings of fatigue mod-
eling and subjective self-estimations of fa-
tigue, we propose a behaviorally based
methodology for assessing fatigue.

Proposed model
The following proposed model outlines
methods for predicting average levels of
fatigue at the organizational level, as well
as control mechanisms for the more specific,
day-to-day risk of fatigue at the individual
level within organizations.

The first point is that a detailed under-
standing of the relationship between in-
creasing fatigue and risk for many indus-
tries and occupations is not present. There
is a significant body of laboratory research
indicating that increasing fatigue is associ-
ated with increases in the probability and/
or frequency of certain types of perfor-
mance degradation on standard measures
of neurobehavioral performance.

However, the best that can be said with
particular regard to safety is that increasing
fatigue is typically thought to be associated
with increasing likelihood of error. Thus, the
point where research can be used to clearly
articulate the likelihood or typology of er-
rors for specific tasks and/or workplace set-
tings has not been reached, as of yet.

At best, suggestions can be made that
based on the published literature
• error rates increase exponentially with
linear increases in psychometric measures
of fatigue.
• errors are broadly comparable in nature
and frequency with other forms of impair-
ment (e.g., alcohol intoxication).
• only general predications can be made
about the susceptibility of certain types of
tasks to fatigue-related error.

In view of the lack of a detailed under-
standing of workplace or task-specific risk
associated with fatigue, any set of guidelines
should be considered provisional, tentative,
and subject to ongoing refinement on the
basis of post-implementation evaluation.

With this caveat stated, we would sug-
gest that knowledge of the frequency dis-
tribution of prior sleep and wake could form
a rational basis for determining the level of
fatigue an individual is likely to experience
within a given shift.

Furthermore, there is potential for both
individuals and organizations to use this in-
formation as the basis for rational decision-
making with respect to mental fatigue-re-
lated risk. Within this framework, there are
two main questions that should be asked.
First, is the individual fit for duty and ac-
ceptably rested to commence work? The sec-
ond question is predicated on the answer to
the first. That is, if an individual is accept-
ably alert to commence work, for what pe-
riod of time can he be reasonably expected
to work before fatigue subsequently creates
an unacceptable level of risk?

As a starting point for this decision, a
rational FRMS should be based on prior
sleep and wake rules, linked to an evalua-
tion of the adequacy of prior sleep and wake.
The reasons for this are straightforward.
• Unlike subjective estimates of fatigue,
prior sleep and wake are observable and
potentially verifiable determinants of fatigue.
• Prior sleep and wake provide a way of
integrating individual and organizational
measures of fatigue (Levels 1 and 2) since
systems-based approaches can deal with
probabilistic estimates of sleep and wake-
fulness, and individual employees can make
clear determinations of individual amounts
of actual prior sleep and wakefulness.
• Prior sleep and wake measures can be set
or modified according to the risk profile as-
sociated with specific tasks or workgroups.

A simple algorithm based on the amount
of sleep and wake experienced in the 48-
hour period prior to commencing work can

Figure 3: Prior sleep wake model (PSWM).
Fitness for work at Levels 1 and 2 of
effective fatigue risk management can be
determined by an algorithm that is
comprised of three simple calculations:
prior sleep in the last 24 hours, 48 hours,
and length of wakefulness from awaken-
ing to end of work.

likely to provide conclusive indications of
whether an accident or incident was due to
fatigue, because they can tell us nothing
about individual behavior on a given day.

Thus, while modeling approaches to fa-
tigue risk management represent a signifi-
cant potential improvement in our capacity
to assess general aspects of a schedule, they
do not provide controls any higher than Level
1 in the error trajectory. Most importantly,

In other jurisdictions, we have seen en-
thusiastic attempts to introduce the require-
ment to train and educate employees about
fatigue. These initiatives, while well-inten-
tioned, assume that training and education
in itself will produce beneficial changes in
individual and organizational safety behav-
ior with respect to fatigue-related risk. De-
spite significant spending in this area, to
date, there is little or no published evidence
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help determine whether an employee is
likely to be fatigued and determine the re-
quired degree of hazard control.

The algorithm in Figure 3 is comprised
of three simple calculations:
• Prior Sleep Threshold—Prior to com-
mencing work, an employee should deter-
mine whether he or she has obtained a) X
hours sleep in the prior 24 hours, and b) Y
hours sleep in the prior 48 hours.
• Prior Wake Threshold—Prior to com-
mencing work, an employee should deter-
mine whether the period from wake up to
the end of shift exceeds the amount of sleep
obtained in the 48 hours prior to commenc-
ing the shift.
• Hazard-Control Principle—Where ob-
tained sleep or wake does not meet the cri-
teria above, then there is significant in-
crease in the likelihood of a fatigue-related
error and the organization should imple-
ment appropriate hazard-control proce-
dures for the individual.

A critical aspect of the rules defined
above is to create appropriate threshold
values for the minimum sleep values for the
prior 24 and 48 hours to commencing work
and the amount of wakefulness that would
be considered acceptable. Importantly, note
that the thresholds could potentially vary
as a function of fatigue-related risk within
a workplace. For example, if a given task
has either a greater susceptibility of fatigue-
related error or there are significantly
greater consequences of a fatigue-related
error, the threshold values may be adjusted
to a more conservative level.

From this perspective, fatigue-related
accidents or incidents are seen as the final
segment in a causal chain of events or er-
ror trajectory. Within the error trajectory
there are four identifiable segments com-
mon to all fatigue-related incidents. At the
earliest levels of the error trajectory are
segments related to (1) the provision of an
adequate opportunity to sleep and (2) ap-
propriate use of a sleep opportunity (break
period). This review shows a proposed novel
methodology that enables organizations to
take an integrated approach to determin-
ing whether they have appropriate control
procedures at Level 1 or 2 of the proposed
fatigue-related error trajectory.

The basis to this methodology is the prior
sleep wake model (PSWM). The conceptual
basis to this model is that fatigue is better
estimated from prior sleep/wake behavior
than from patterns of work. Using this
model, an organization can define task-spe-

cific thresholds for sleep and wakefulness
based on the amount of sleep obtained in
the 24 and 48 hours prior to commencing
work. Where aggregate or individual sleep/
wake values fail to reach predesignated
thresholds, the increased likelihood of fa-
tigue would require a greater level of haz-
ard control to prevent an actual incident
from occurring (Levels 3 and 4).

At Level 1 of the error trajectory, orga-
nizations are required to manage the op-
portunity for sleep probabilistically. In gen-
eral, prescriptive rule sets or fatigue mod-
eling are the most common ways in which
an organization can determine prospec-
tively whether a pattern of work is likely to
provide employees with an adequate oppor-
tunity to obtain sufficient sleep (vis-à-vis the
defined threshold). Using this approach, an
acceptable roster or schedule is one that is
associated with a certain percentage of
people on average (e.g., > 95%) having an
adequate opportunity to gain the requisite
amount of sleep.

At Level 2 of the error trajectory, indi-
viduals use the PSWM to determine
whether they have had sufficient sleep.
Since Level 1 control mechanisms will al-
low a predetermined percentage of employ-
ees insufficient sleep (e.g., 5%) the personal
PSW calculation will allow them to identify
themselves and report this information, and
the organization can engage in appropriate
control procedures at Level 3 and above in
the error trajectory.

In determining appropriate threshold
values for sufficient sleep, this review ac-
knowledges that currently there is a dearth
of organization- and/or task-specific data
sufficient to answer this question defini-
tively. Indeed it is our view that such data
will be collected by organizations in the
post-implementation phase.

In defining this threshold, readers are
cautioned that particular occupational tasks
may well be more susceptible to fatigue-
related error or the consequences of fa-
tigue-related error are so severe as to re-
quire threshold values greater than have
been specified. Furthermore, any initial
values should be viewed as a starting point
and subject to revision in the light of actual
workplace experience.

However, where thresholds are inappro-
priate, one should see the systematic pro-
jection of error trajectories beyond Level
2. That is, despite achieving the requisite
threshold levels of sleep the FRMS would
continue to observe either

• Level 3 factors indicating the occurrence
of fatigue-related behaviors or symptoms,
• Level 4 factors related to the occurrence
of fatigue-related errors, or
• Level 5 issues related to the occurrence
of actual fatigue-related incidents.

Level 3 of the error trajectory is charac-
terized by the presence of fatigue-related
behaviors. There will inherently be indi-
vidual differences in the experience of fa-
tigue as a direct consequence of sleep. That
is, even if an individual complies with the
organization’s minimum sleep thresholds
(as set out in Levels 1 and 2), it is possible,
due to specific work environment or life cir-
cumstances, that the individual may still
experience fatigue symptomology. Thus, the
observance of fatigue-related behaviors acts
as an additional layer of defense, to avoid
fatigue-related errors or accidents. The
types of controls envisaged at this level
would include subjective reports of fatigue
from individuals to managers, or the pres-
ence of symptoms from a “fatigue symptom
checklist,” which would be provided to em-
ployees by the organization.

While Levels 1-3 of the error trajectory
take a proactive approach to fatigue risk
management, Levels 4 and 5 take a more
reactive approach. They are more con-
cerned with investigative procedures when
failures have occurred at the earlier levels
of the error trajectory.

Level 4 is defined by the occurrence of a
fatigue-related error. Such an error may not
necessarily lead to an actual accident or in-
cident. However, if it is detected, an investi-
gation should be conducted to determine the
cause of the error and prevent similar oc-
currences from happening again. Specifi-
cally, the investigation should focus on Lev-
els 1-3 to determine deficiencies in the con-
trol processes. This would be performed as
a part of the safety management system
error analysis framework.

Level 5 is the final level in the error tra-
jectory, whereby a fatigue-related error re-
sults in an incident or accident. In reality,
it is unlikely that such an event would be
solely caused by fatigue and could be linked
to several different causal factors. How-
ever, to determine the extent to which fa-
tigue was specifically involved, the inves-
tigation should focus on Levels 1-4 of the
error trajectory to determine deficiencies
in the control processes. This would be
performed as a part of the safety manage-
ment system accident/incident investiga-
tion framework. ◆
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(This article was adapted, with permission,
from the author’s presentation entitled The
Size of the Aircraft Doesn’t Matter, pre-
sented at the ISASI 2004 seminar held in
Australia’s Gold Coast region Aug. 30 to
Sept. 2, 2004, which carried the theme “In-
vestigate, Communicate, and Educate.”
The full presentation including cited ref-
erences index is on the ISASI website at
www.isasi.org.—Editor)

There is much to learn from an acci-
dent investigation, no matter how
large or small the accident aircraft

may be. The truth of that is evident in three

accident investigations that the Safety
Board conducted involving small aircraft.
The value that can be gained from such
small investigations, i.e., safety recommen-
dations, and the lessons learned by our in-
vestigators during these investigations may
be valuable to future investigative efforts.
The three investigations involved
• the crash of a Raytheon Beechcraft
1900D in Charlotte, N.C., Jan. 8, 2003, that
resulted in 22 safety recommendations to
the Federal Aviation Administration (FAA).
The recommendations mainly focused on
maintenance and weight-and-balance issues
and the oversight of those issues.
• a Beech Super King Air carrying the
Oklahoma State University basketball team
that crashed on Jan. 27, 2001, near Stras-
burg, Colo., in IFR conditions. The NTSB
made an unprecedented recommendation
to the National Collegiate Athletic Associa-
tion, the National Association of Intercol-
legiate Athletics, and the American Coun-
cil on Education to improve collegiate air
travel policies and procedures.
• another Beech Super King Air accident
that occurred in Front Royal, Va., on Oct.
26, 1993, while the aircraft was on an FAA
repositioning flight. Seven of the eight rec-
ommendations to the FAA dealt with the
structure of the FAA flight program. The
Safety Board recommended that the FAA
model its flight program after a civilian Fed-
eral Aviation Regulation (FAR) Part 135
operation.

Charlotte investigation
The Beech 1900D accident occurred on Jan.
8, 2003, in Charlotte, N.C. I served as the
investigator-in-charge (IIC) and followed
the accident investigation from beginning
to end. The final report was issued just a
little more than a year after the accident,
which occurred shortly after takeoff, kill-
ing the two crew members and 19 passen-
gers. The aircraft was destroyed by the
ground impact and post-crash fire.

Because this accident occurred just af-
ter takeoff, we began by looking at the flight
control systems and how the aircraft was
loaded: The first question was, “Did the
crew members calculate the weight and
balance correctly?” We found that they did.
Given the weight-and-balance procedures
that were in place at the time, the crew
members actions were proper.

However, we also found that the use of
average passenger and baggage weights (as
opposed to actual weights) resulted in a
computed weight that differed greatly from
the actual weight. In other words, if the
weight-and-balance calculation had been
based on the true weight of the passengers
and baggage, it would have been apparent
to the pilots that the flight was well outside
the center of gravity (cg) envelope and over
maximum takeoff gross weight. The impor-
tant issue here is that the flight crew was
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erroneously led to believe that their cg was
further forward than it actually was. This
resulted in the flight taking off in a signifi-
cantly tail-heavy condition.

While the weight-and-balance issues
were being examined, the systems group
was examining the flight control systems.
In the airplane wreckage, the pitch control
(or elevator) turnbuckles were found at an
unusual setting. The maintenance records
revealed that maintenance was performed
on the accident aircraft’s elevator system a
few days earlier. The turnbuckles had been
adjusted during that time.

Interviews with maintenance personnel
revealed that during the maintenance, a
mechanic, who was receiving on-the-job
training (OJT) at the time, found that the
elevator cable tension was low and he ad-
justed the cable tension using the elevator
rigging procedure in the maintenance
manual. But, with the approval of his OJT
instructor, he selectively skipped some of the
other steps in the rigging procedure. The
result was that the newly rigged elevator now
had limited travel in the airplane-nose-down
direction. The combination of the limited el-
evator travel and the aft cg resulted in the
airplane losing pitch control, which was what
the Safety Board determined to be the prob-
able cause of the accident.

Thus, the investigating team had two
major issues to contend with: the use of in-
correct average weights and the mainte-
nance training program for mechanics. Al-
most all of the recommendations issued to
the FAA dealt with these issues. A few of
the recommendations will be highlighted.
A full listing of the safety recommendations
appears in the final report (Aircraft Acci-
dent Report NTSB/AAR-04/01), which is
posted on the Safety Board’s website at
http://www.ntsb.gov.
Weight-and-balance recommendations—
The use of assumed average passenger and
baggage weights (in place of actual weights)
for weight-and-balance calculations has
long been an industry practice for carriers
operating aircraft with more than nine pas-
senger seats. However, using average
weights has potential problems. The as-
sumed average weights may not be an ac-
curate representation of the general popu-
lation, and the actual passengers weights
on a given flight may not represent the sta-
tistical norm of the general population. For
example, a survey conducted after the ac-
cident found that the actual average weight
of American adults was roughly 20 pounds

higher than the average weights being used
in many operators’ average weight pro-
grams. Accordingly, the use of average
weights carries a risk of being outside the
weight-and-balance envelope, which was the
case with the accident in Charlotte.

Baggage weights are extremely impor-
tant for small aircraft. This is because un-
like a large aircraft within which baggage
can be moved from one cargo hold to an-
other to change the cg, in smaller aircraft,
such as the Beech 1900D, there is only one
cargo hold.

Clearly, if average passenger weights are
not valid then the use of average weights
does more harm than good. The Safety
Board recommended that the FAA identify
situations where actual weights were re-
quired versus average weights and further
recommended that the FAA examine tech-
nology for using actual weights versus av-
erage weights. The Safety Board also rec-
ommended that the FAA require air carri-
ers to periodically survey passenger and
baggage weights, to retain the data from
their survey, and to develop cg safety mar-
gins to account for variances in average
weights of passengers and baggage.
Maintenance program recommenda-
tions—As a result of its findings regarding
the maintenance of the accident aircraft’s el-
evator cables, the Safety Board recommended
that aircraft manufacturers establish appro-
priate procedures for a complete functional
check of critical flight systems after mainte-
nance work has been done on that system and
that air carriers incorporate those checks in
their maintenance procedures.

This may sound like a common-sense
item, but, to our surprise, it wasn’t being
done, nor was it required. The Board also
looked at how maintenance training was
being accomplished, especially OJT, and
recommended that maintenance training
programs be approved by the FAA, just as
the training programs for pilots and flight
attendants are. Many of the other mainte-
nance-related recommendations focused on
the need for improved maintenance over-
sight by both the operators and the FAA.
Investigation lessons learned—An inves-
tigation safety lesson was learned the hard
way when a systems investigator slipped
and injured his back while working around
the wreckage. The investigator was wear-
ing the protective footwear covers (yellow
booties) that are included with the PPE kit.
These covers are required to be worn in
areas where bloodborne pathogens may be

present. The investigator slipped because
the footwear covers do not have good trac-
tion on slippery surfaces. They also have a
tendency to get caught on objects or become
torn from contact with sharp edges. After
this incident, our OSHA representative re-
searched other footwear options that would
meet our bloodborne pathogen program
requirements and not add to the safety haz-
ards presented by the work environment.
The OSHA experts have offered several
possible replacement boot types.

Strasburg investigation
Another example of a less-complex investi-
gation that led to important increases in air
safety concerned the loss of a Beech Super
King Air on Jan. 27, 2001, near Strasburg,
Colo. The American public closely followed
this accident investigation because the aircraft
was carrying members of the Oklahoma State
University (OSU) basketball team. Sadly, all
10 people on the airplane were killed.

The immediate cause of the accident was
reasonably straightforward. The aircraft
lost a.c. electrical power and, thus, primary
flight instrumentation during a climb
through instrument meteorological condi-
tions. This probably occurred because of a
failed electrical relay or inverter. The Safety
Board determined that although standby
flight instruments should have been avail-
able, the pilots became spatially disoriented
and lost control of the airplane.

During the investigation, ancillary re-

The Beech Super King Air accident
occurred on Jan. 27, 2001, near
Strasburg, Colo.

The Beech Super King Air accident
occurred on Jan. 27, 2001, near
Strasburg, Colo.
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search revealed that Oklahoma State Uni-
versity did not provide any significant over-
sight of this flight, or any other school-spon-
sored flight carrying students to events
away from the university.

Furthermore, the Board determined that
this may have been true at many other col-
leges and universities around the nation. To
its credit though, with the encouragement
of the Safety Board, OSU formulated a com-
prehensive travel management system that
now promotes safe university-sponsored
travel and provides the necessary oversight
to ensure that transportation services are
carried out in accordance with the provi-
sions of the revised policy. For example, in
addition to the oversight provided by the
university’s athletic director, athletic staff,
and coaches, OSU now retains an aviation
consultant with expertise in operations,
safety, and certification of aircraft.
Recommendation—The Safety Board
thought that OSU’s new safety-oriented
travel policies were developed well enough
to make a formal recommendation to en-
courage the National Collegiate Athletic
Association, the National Association of
Intercollegiate Athletics, and the American
Council on Education to follow OSU’s lead
in these matters. Again, although this acci-
dent involved a small airplane, the results
of the investigation and proactive partici-
pation by Oklahoma State University will
undoubtedly save lives in the future.
Lessons learned while on scene—This is

one of the Board’s first on-scene investiga-
tions where a new on-scene hazard “risk
analysis” form was completed before actu-
ally launching and every day while work-
ing on the wreckage. The IIC uses this form
as a planning tool to make everyone more
aware of the hazardous conditions that the
investigators are working under. On the
form, a numerical value is assigned to a va-
riety of working conditions (weather, light-
ing, terrain, and the like). If the total value
exceeds a certain number, then a mitigation
plan has to be put in place.

In this case, an identified risk was the
very cold weather at the accident site. The
IIC chose to combat the cold conditions by
having several vehicles lined up along the
debris field with the engines running and
the heaters on. These vehicles acted as
warming stations for the investigators and
were heavily visited.

Front Royal investigation
Yet another Beech Super King Air accident
also illustrates the fact that the size of an
accident often has little to do with the ac-
tual safety benefits of good recommenda-
tions. This accident involved an aircraft op-
erated by the FAA that crashed into moun-
tainous terrain during a repositioning flight
near Front Royal, Va., in 1993. The Board
determined that the probable cause of the
accident was the failure of the pilot to stay
in visual meteorological conditions (VMC)
while in mountainous terrain.

An important aspect of this rather
straightforward case concerned discovery
during the investigation of the shortcom-
ings within the entire, quite fragmented,
FAA flight program. For instance, Board
investigators found that although each FAA
flying unit had a check airman, training cap-
tain, and safety officer slots, these positions
were always considered extra duties, and
decisions made by these pilots were often
overridden by people not directly associated
with the FAA flying program. In addition,
due to scheduling biases, an unusual super-
visory structure, and a lack of available fly-
ing time, FAA first officers were that in
name only. They were rarely allowed to ac-
tually fly and land the airplanes and, for the
most part, only served as radio operators
on FAA flights.
Recommendations—Seven of the eight
recommendations to the FAA that resulted
from this investigation had to do with the
structure of the FAA flight program, rather
than the actions of the flight crew that
crashed the airplane. In short, the Board
recommended that the FAA flight program
model itself after a civilian FAR Part 135
operation, with all the checks and balances,
inspection requirements, and aircraft and
pilot certifications standards that a small
airline would be subject to. The FAA took
these recommendations very seriously, and
its flight program today is much safer than
it was in 1993.
Lesson learned—The accident occurred in
daylight conditions, but when one investi-
gator, who lived close to the accident site,
arrived on scene, it was dark. The wreck-
age was in a mountainous area, and the ter-
rain was rugged; but this investigator, anx-
ious to do his job, began searching for the
wreckage. When the IIC learned of this, he
immediately told the investigator to stop his
search effort to prevent him from possibly
injuring himself. The following day the
wreckage was located by aerial search. The
lesson learned here is obvious. Any type of
search effort, or any work on aircraft wreck-
age at all for that matter, is usually not ad-
visable unless such actions can be done un-
der very controlled, safe conditions.

In conclusion, there is much to be gained
from small-aircraft accident investigations.
As is evident from the three accidents dis-
cussed here, more than two dozen recom-
mendations were issued that undoubtedly
have saved lives, and quite a few valuable
lessons on how to investigate safely were
learned. ◆
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(This article was adapted, with permission,
from the author’s presentation entitled
WYSIWYG—Or Is It? presented at the
ISASI 2004 seminar held in Australia’s Gold
Coast region Aug. 30 to Sept. 2, 2004, which
carried the theme “Investigate, Communi-
cate, and Educate.” The full presentation in-
cluding cited references index is on the ISASI
website at www.isasi.org.—Editor)

One has only to stop and look around
at any contemporary major accident
investigation site to realize that digi-

tal devices are in widespread use in the ac-
cident investigation community. Among
these are an ever-increasing number of digi-
tal cameras, in many cases outnumbering
film cameras as the tool of choice for record-
ing the entire spectrum of accident scenes,
from close-ups of failed components to
aerial views of the accident site. Notwith-
standing the completely valid school of
thought that advocates disposable film cam-
eras over any other type (cheaper, simpler,
readily available, zero maintenance, no
training required, low probability of error,
etc.), digital cameras appear to be here to
stay—at least until replaced by the next
quantum leap in photographic technology.

Similarly, one has only to review current
published government guidance on the con-
duct of an investigation to realize that no
specific accommodations are generally be-
ing made to account for the different char-

acter of the digital medium vis-à-vis the
optical (film) one. In the United States and
Canada, there are no specific chain-of-cus-
tody requirements to ensure that the com-
puter file representing the digital image is
not copied illicitly, altered, or destroyed.
Similarly, there is no guidance on use of any
particular format for digital imaging, and
no format yet exists that would allow inves-
tigators or other users of digital photogra-
phy to positively check the validity of an
image and identify any changes made to it
(as well as when such changes were made,
what they were, and who made them).

Is there a need for such a standard to
verify the authenticity of digital photo-
graphs? Let’ s examine the question and
begin with a discussion of how film cameras
have been used and misused in investiga-
tions of various types over time, and how
digital cameras have come to be used in the
field of aircraft accident investigation today.

Film photo fakery
Dino A. Brugioni quotes the following ma-
terial from a review of the book Photo Fak-
ery: The History and Techniques of Photo-
graphic Manipulation. The review was

found posted on FCW.com (Federal Com-
puter World).

“Since the early 19th century, people have
come to accept what they see in photo-
graphs as reality. The adage that ‘the cam-
era never lies’ has come to be accepted as
historical fact, buttressed by the faith taken
daily by all who read a newspaper or maga-
zine that what is depicted in photos actu-
ally happened.…

“‘The art of producing fake photography
predates the computer by almost a century,
and some of America’s well-known and most
beloved figures have not gone unscathed,’
according to Brugioni. For example, when
photographer Matthew Brady first photo-
graphed President John Calhoun, he had
no idea that an eager entrepreneur would
later take a reversed image of Abraham
Lincoln’s head and graft it onto Calhoun’s
body for a new engraving. Not only was
Lincoln’s head also substituted on the bod-
ies of Alexander Hamilton and Martin Van
Buren, but the famous photo of ‘The Mar-
tyr Lincoln,’ which depicts Lincoln in his
casket, has since been proven to be fraudu-
lent, Brugioni writes.

“Other well-known doctored photographs
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include the recently debunked 1934 depic-
tion of the Loch Ness monster that appeared
in a London newspaper; a studio portrait of
American literary giant Walt Whitman that
was used as the frontispiece to Leaves of
Grass; and an 1865 portrait of Union Army
Gen. William Sherman and his staff. More
recent examples of tampering illustrated by
Brugioni include the controversial darken-
ing of O.J. Simpson’s face on the cover of
Time magazine and the less sinister yet com-
monplace touchups done to the faces, teeth,
and bust lines of today’s supermodels.

“According to Brugioni, ‘the invention of
the Eastman portable camera in 1888, fol-
lowed by the box camera, opened photog-
raphy to people in all walks of life.’ Now, a
little more than 100 years later, the same
can be said of the computer. Brugioni’s book
appears at a time when the technology is
readily available for almost anybody with a
modicum of computer skills to retouch,
change, or forge photos.…

“Likewise, Brugioni uses the mind-bog-
gling pace of technology to paint a bleak
picture of the future. ‘We can see how photo
fakery has made most of us doubters rather
than believers,’ Brugioni writes. ‘With the
new and expanding technology, faith in pho-
tography as the purveyor of truth has been
weakened, and, in the future, it will be fur-
ther weakened rather than strengthened.’

“Brugioni suggests that in this age of the
‘electronic darkroom,’ ethics must become ‘an
important part of a course in digital imaging
taught at DOD’s Joint Defense Photography
School in Pensacola, Fla.’ The concern, accord-
ing to Brugioni, is that the ability to alter pho-
tos through electronic manipulation raises
moral, legal, and ethical issues for members
of the intelligence community who are respon-
sible for providing imagery intelligence to
high-level decision-makers in government,
including the President.

“Readers are left hanging, however, won-
dering what, if anything, can be done to
avoid a future where nothing can be be-
lieved. Brugioni puts forth a strong argu-
ment in favor of distrusting the pictures
shown in newspapers, in magazines, on tele-
vision, and on the Internet….”

It should not come as a surprise to any
accident investigator working today that the
idea of presenting a photograph to support
a textual or other description of some aspect
of an investigation is not new. Virtually any
modern major aircraft accident investigation
will have photographs of wreckage, ground
scars, general overview of the accident site,

and so on. Such use of photography has be-
come routine and is expected.

However, a review of the published acci-
dent investigation manuals of the United
States, Canada, and ICAO reveal that
surprisingly little is written in these texts
regarding the use of photographs in the
course of an investigation. All the aforemen-
tioned works refer to photography, suggest-
ing that its use is expected and condoned,
but none of these manuals make any men-
tion of the need to verify the validity of pho-
tographs prior to using them to support
analysis and develop conclusions as to acci-
dent causation. The maturity of all these
documents suggests that this omission is not
an oversight, but rather a reflection of a
presumption on the part of the State that
the investigator-in-charge will be able to
exercise sufficient control over the investi-
gation that he or she will, through the nor-
mal investigative process, have confidence
that photographs taken in the field will be
controlled sufficiently to prevent fraudulent
use of altered photographs.

This is likely a valid assumption in the
case of traditional optical photographs.
While it would not be impossible to take
optical photographs of, for example, a sus-
pect component, and in about the same time
as would be required for normal develop-
ing, remove the film and surreptitiously al-
ter the photograph, the normal processes
for controlling access to evidence would
tend to prevent such activity (or at least
make it obvious).

Conversely, the expanding use of digital
photography in investigations does not have
the same inherent characteristics that re-
sist tampering. Accident sites at most re-
cent major investigations are virtually
awash in computers and related equipment.
Each and every one of these devices is po-
tentially an “electronic darkroom” that can
be used, in real time, to retrieve, retain a

copy of, and display digital photographs.
That fact alone means that the possibility
of a digital photograph being altered,
through either a deliberate act, careless-
ness, or honest error, is far greater than in
the optical photography case.

Add to this the fact that digital cameras
are increasing in popularity, increasing in
capability, and decreasing in price and the
fact that computer software whose legiti-
mate purpose is to change digital photo-
graphs is doing the same thing, and it be-
comes easy to see that a potential problem
exists that must be managed.

Digital camera use and benefits
Clearly, photography in general has estab-
lished its place as a valuable investigative
tool. It’s difficult to imagine any modern
investigation being conducted without
photo documentation of the overall site, in-
dividual failed components, etc. Digital pho-
tography, however, is a subset that is still
evolving. Subjectively, it appears that in the
early years of the technology, investigators
viewed it as simply a new type of camera,
and it was too soon to tell if the legacy would
be “state of the art” or “flash in the pan.”

Early digital cameras were expensive and
the image quality was inferior to optical cam-
eras. Nevertheless, as investigators became
accustomed to using automation in their daily
business, and then in the field, the appeal of
a device that allowed immediate review of
photographs and the ability to copy and move
them easily was compelling. The emerging
prevalence, if not the advantages, of digital
photography made it evident to investiga-
tive agencies that this technology had a place
in fieldwork. However, this was not a real-
ization driven by the needs of investigators,
but rather one of reaction of marketing blitz
for digital cameras.

Basically, digital camera use is essentially
the same as it is for its optical cousin. The
camera as an investigative tool is used to
record pertinent details of fractures, burns,
scars, switch positions, and so forth. It is
used to help the investigator recall the over-
all orientation of objects, and to enable
study of views that may only be obtainable
in a transient manner (such as an overhead
view from a helicopter). Beyond that, how-
ever, there are significant differences be-
tween digital and optical that should be ex-
amined and understood if the risks and ben-
efits are to be properly balanced.

Perhaps the most evident benefit of digi-
tal photography is that it permits the pho-
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tographer/investigator to immediately see
the photo taken, evaluate the picture, make
adjustments, and reshoot if necessary. Some
later-model cameras have this capability
built into the programming and can auto-
matically take a short series of photos, vary-
ing the exposure or other parameters
slightly for each shot.

In theory, this should result in photo-
graphs that are generally more useful to the
investigator. On the other hand, however,
this same capability introduces some new
variables. Optical processing, in general,
results in a relatively consistent product.
Digital images, however, may vary consid-
erably based only on the output device (e.g.,
the camera’s own LCD screen vs. a laptop’s
processed video signal vs. a printer’s “ver-
sion” of the image). Depending on the de-
sired subject of the image, these differences
may or may not be significant.

Another feature of digital cameras (gen-
erally viewed as an advantage) is the elimi-
nation of the need for film. In reality, how-
ever, the digital device has essentially the
same limitations as the optical device—
there is a finite amount of storage for the
images and when that is used up, the pho-
tographer must take some action.

The difference, of course, is in scale. The
capacity of storage media continues to go up
and the price continues to go down. At the
same time, however, the capability of the
camera to use large quantities of storage also
continues to skyrocket. This is, on balance, a
benefit. The upper limit of quality of digital
photography (in terms of the image resolu-
tion—megapixels) continues to climb, allow-
ing digital images to be made that are nearly
indistinguishable in quality from the optical
versions and are generally more than satis-
factory for most investigative uses.

The net result of the advances in picture
quality (as indicated by pixel density) and
storage availability clearly favors digital.
The photographer can use media that al-
low recording of tens, if not hundreds, of
pictures on devices that can be stored in a
pocket, are more robust than traditional
film cartridges, can be emptied of their data
contents and reused, can be shared among
users almost at will (although it is some-
times necessary to have a reading device),
and have virtually no expiration date.

The potential problems?
With so many advantages in capacity, imme-
diacy, and portability, one might be inclined
to look at digital photography as an invalu-

able investigative tool. That may well be, but
as with any other beneficial item, costs exist
that must be balanced, and drawbacks exist
that must be evaluated to see if they should
be mitigated before using the technology.

Basically, the problems associated with
digital photography are essentially the
same as for optical photography in investi-
gations. For example, it is equally impor-
tant, whether the medium is film or digital,
to ensure that photographs taken as evi-
dence that leads to determinations of an
accident cause can be preserved for proper
use by safety investigators, can be validated,
and their authenticity verified, and so on.
There are a few new protocols that need to
be developed for use of digital photography.
Implementing those protocols, however,
may be significantly more difficult when
using digital media.

Image manipulation is perhaps the great-
est threat to the use of digital photography.
If one were to set out to falsify optical pho-
tographs convincingly, one would likely need
to have (or have access to) relatively sophis-
ticated darkroom equipment and would also
require the expertise to use it. On the other
hand, current software is available for rela-
tively little money that not only enables even
a novice to alter digital photographs but that
also will frequently perform the task itself!
If one wanted to be in the business of alter-
ing digital photographs and was willing to
make an investment in that process, far
more sophisticated software is available.

The left photograph shown below illus-
trates the relationship between the aircraft
elevator trailing edge and a manufacturer’s
alignment mark installed to enable proper
elevator rigging. The image on the right was
adjusted to change the position of the align-
ment mark relative to the elevator. The ad-
justment required software available at any
retail computer store and about 15 minutes
of effort.

While this is a simplistic example, in an
actual investigation there would likely be a

number of ways the deception could be un-
covered. If the photos were electronically
embedded in the document and the docu-
ment was retained electronically, it might
actually be possible to enlarge each photo
and clearly see the changes. However, if the
photos were printed in a report, such re-
covery would not be possible. In spite of the
simplicity of this example, it illustrates the
ease with which a photograph, taken to il-
lustrate a point, can be changed to create
an impression quite different from reality.

As with any piece of evidence, a chain of
custody is important to ensure that the evi-
dence remains under the control of the in-
vestigator-in-charge or other official of the
State investigative agency. With physical
objects, this is a straightforward process.
Even with conventional photographic film,
the process that generates a photographic
negative can be monitored and the nega-
tives can then be retained for safekeeping.

Such a chain of custody is not as simple or
straightforward with digital media. Given
that the “photograph” takes the form of a
computer file, duplicates of which can be in-
distinguishable from the original, identifica-
tion of source material from copies becomes
a significant issue. Even the storage device
itself may not be identifiable as an original
unless measures are taken initially to do so
(e.g., initialed by an investigator or placed in
a container with a tamper-evident seal).

The file that contains a digital image can
be moved both from and to many types of
storage. As a result, it is possible to cap-
ture an image with a camera, store it to a
digital storage medium, move it from that
medium to a computer for processing,
change it and move it back to the storage
medium as a different image. Most com-
puter users realize that files have attributes,
and among those attributes is a date and
time. This is frequently the information
used to distinguish one version of a file from
a later, presumably changed, version. This
feature may be of value in determining if a
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file has a date and time consistent with its
“status” as an original investigation artifact.

However, depending on the software
used, the file date and time on a computer
may be the date and time the file was down-
loaded off the medium onto a computer for
legitimate investigative use, even if the file
was unchanged. Thus, the presence of a date
and time later than the field phase of the
investigation is not explicitly indicative that
the file has been changed.

Finally, one must consider the volatility
and fragility of a digital image. As a rule,
digital storage media are robust and rela-
tively resistant to mechanical damage. They
are, however, not impervious to mistakes,
mishandling, or other hazards. If a role of
conventional photographic film is somehow
damaged, portions of the images on the film
may be recoverable. If the digital medium
is mechanically damaged, it is far less likely
that any information is recoverable. In ad-
dition, as most computer users know, there
is the distinct possibility of human error
causing loss of data. The difference between
“Erase All—Yes” and “Erase All—No” may
be so slight as to allow the user to defeat
the manufacturer’s safeguards. And as ev-
ery computer user also knows, once a file is
truly gone, it is generally gone forever.

Other users
How are other organizations and agencies
handling this? The Federal Bureau of In-
vestigations (FBI) has been looking at these
same issues. An examiner in the FBI
Laboratory’s Special Photographic Unit,
Special Agent Douglas A. Goodin described
in February 1996 in a paper entitled Image
Security and Integrity, “The ease with
which images can be changed is the central
issue in image integrity. The impermanent
recording of an image by rearranging a
bunch of magnetic particles and corre-
sponding pixels seems to lack the security
and integrity of good old film.”

Special Agent Goodin believes that at a
crime scene when a digital camera is used, a
greater problem for law enforcers may sur-
face. “The photographer may have been the
only one there at the time. A particularly
damning piece of evidence could be later
undetectably inserted into the images through
an image-processing program. As digital pho-
tography becomes more widespread in law
enforcement, I could see this becoming a prob-
lem for overzealous or dishonest officers.”

In a recent case in the United States, the
prosecution team in a trial was accused of

photo manipulation. During the O.J.
Simpson murder trial, prosecutors entered
into evidence a picture of Simpson wearing
the now infamous Bruno Magli shoes. The
defense claimed Simpson didn’t wear those
shoes and the photograph was manipulated,
and thus objected. Expert witnesses were
then called in. Two experts gave their analy-
sis of the photos, but each gave a different
view. This issue was finally settled when a
roll of film that contained pictures of Simp-
son wearing the Bruno Maglis was discov-
ered and entered into evidence. If not for
that roll of film, or had the original image
been digital, the original photograph prob-
ably wouldn’t have held up as evidence.

In June 2002, the Scientific Working
Group on Imaging Technologies (SWGIT),
of which the FBI is involved, released Ver-
sion 1.2 of its recommendations and guide-
lines for the use of digital image processing
in the criminal justice system.

The Group’s objective is “…to ensure the
successful introduction of forensic imagery
as evidence in a court of law.” Its work in-
cludes brief descriptions of advantages, dis-
advantages, and potential limitations of
each major digital imaging process. It sees
digital image processing as a necessary and
accepted practice in forensic science.

The SWGIT Group feels that any
changes to an image made through digital
image processing are acceptable in foren-
sic applications provided the following cri-
teria are met:
• The original image is preserved.
• The processing steps are logged when
they include techniques other than those
used in a traditional photographic darkroom.
• The end result is presented as an enhanced
image, which may be reproduced by apply-
ing the logged steps to the original image.

SWGIT has continued its work by releas-
ing Minimum Best Practices for Docu-
menting Image Enhancement-Version 1.1
on March 4, 2004. The purpose of this docu-
ment is to describe the “best practice” docu-
mentation of image enhancement used in
the criminal justice system. The objective
of SWGIT with these standards is to pro-
vide laboratory personnel with instruction
regarding the level of documentation that
is appropriate when performing enhance-
ment operations on still images, regardless
of the tools and devices used to perform the
enhancement.

SWGIT is using this documentation of
image enhancement techniques to help sat-
isfy the legal requirements for the introduc-

tion of forensic images as evidence in a court
of law. SWGIT has developed two catego-
ries by which images can be enhanced—
Category 1 and Category 2.
• Category 1 images include “images uti-
lized to demonstrate what the photographer
or recording device witnessed but not ana-
lyzed by subject matter experts.” This
would include general crime scene or inves-
tigative images, surveillance images, au-
topsy images, documentation of items of
evidence in a laboratory, and arrest photo-
graphs (“mug shots”).
• Category 2 images include “images uti-
lized for scientific analysis by subject mat-
ter experts.” This would include latent
prints, questioned documents, impression
evidence, Category 1 images to be subjected
to analysis, and patterned evidence.

SWGIT suggests that Category 1 images
need only rudimentary documentation that
would describe what type of enhancement(s)
was used. Category 2 images require a more
detailed description of the enhancement, so
that any changes would be clearly spelled
out to an expert. SWGIT has also developed
a number of standard operating practices
(SOPs) for digital and film-based photogra-
phy. These SOPs cover issues such as first
responder photography, surveillance photog-
raphy, tactical survey photography, hazmat
scene photography, aerial photography, and
accident scene photography.

The FBI and other agencies have already
done much work, and aircraft accident in-
vestigators can benefit from that. ISASI
could develop SOPs and “best practices”
documentation for the accident investiga-
tion community. By using this work as a
foundation, we can make digital photogra-
phy more beneficial and reliable as evidence.

Current file formats
File formats that currently support supple-
mental information about the recorded im-
age include joint photographic experts
group (JPEG), tagged image file format
(TIFF), exchangeable image file format
(EXIF), and TIFF extensions. The need for
a uniform file format standard for image
data stored by digital still cameras has in-
creased as these cameras have grown in
popularity. A similar need has arisen for
uniformity of the attribute information that
can be recorded in a file. Space precludes a
discussion of JPEG and TIFF file formats,
but the EXIF and TIFF attribute informa-
tion that can currently be recorded is cov-
ered on the next page.
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EXIF was developed by the Japan Elec-
tronic Industry Development Association
(JEIDA) to be used in digital still cameras
and related systems. Version 1.0 was first
published in October 1996. Over time,
changes have been made to make improve-
ments to the EXIF format for greater ease
of use, while still allowing backward com-
patibility with products of manufacturers
currently implementing EXIF Version 1.x
or considering its future implementation.

EXIF Version 2.1 contains the current
recommended EXIF standards. The file
recording format is based on existing for-
mats. Compressed files are recorded as
JPEG (ISO/IEC 10918-1iv). Uncompressed
files are recorded in TIFF Rev. 6.0v format.
By using existing formats, photos taken
using a digital still camera or related sys-
tem can be read directly by commercial
applications (i.e., Adobe PhotoShop) and
makes viewing and manipulating of the im-
ages possible. Related attribute information
for both compressed and uncompressed
files is stored in the tag information format
defined in TIFF Rev. 6.0. Information spe-
cific to the camera system and not defined
in TIFF is stored in private (manufacturer)
tags registered for EXIF.

The reason for using the TIFF Rev. 6.0
tag format in the compressed file is to facili-
tate exchange of attribute data between
EXIF compressed and uncompressed files.
A feature of EXIF image files is their com-
patibility with standard formats in wide use
today, enabling them to be used on personal
computers and in other information systems.
The intention of JEIDA is to promote wide-
spread use of digital still cameras. Figure 1
below shows what data are recorded under
the TIFF Rev. 6.0 attribute information tags.
Figures 2 and 3 show the fields that are re-
corded under EXIF. For a full description of
all fields, reference Digital Still Camera Im-
age File Format Standard (Exchangeable
image file format for Digital Still Camera:
EXIF), Version 2.1, JEIDA-49-1998).

EXIF allows more than just the record-
ing of image specific attributes. EXIF also
allows the recording of specific location in-
formation acquired by a GPS receiver. This
feature can be very beneficial in an accident
investigation. Not only is latitude and longi-
tude information captured, but other refer-
ences such as GPS time (atomic clock) and
reference points used to determine direction
of movement and direction of image are cap-
tured. Figure 4 shows a complete list of GPS
attributes that can be recorded under EXIF.

While EXIF and
TIFF extensions are
very useful, they do
have some limita-
tions. If the images
are opened in an ap-
plication that does
not support the read-
out of attributes, and
then saved, the infor-
mation will be lost. If
that is the only copy
of the image, then all
electronically re-
corded history of that
file will be lost. An-
other limitation is
garbage-in garbage-
out (GIGO). If the
settings in the cam-
era (i.e., time and
date) are not correct,
then the values will
be recorded incor-
rectly. Also, many
camera manufactur-
ers release firmware
updates to fix minor
“bugs” in the cam-
era’s operating sys-
tem. If there is a firm-
ware problem, it is
possible that the cor-
rect data will not be
recorded. Likewise,
the GPS location in-
formation will be lim-
ited to the accuracy of
the data source. If a differential GPS sys-
tem is not used, then the investigator runs
the risk of the photos not matching up with
the survey locations.

Creating a standard
Now that we have looked at the attributes
that are currently recordable for digital
photos, let’s look at what attributes would
be considered essential for accident inves-
tigation. These include
• date and time the photo was taken,
• camera settings (exposure, etc.),
• where taken (GPS info),
• the name of the photographer,
• notification of any alterations of the file,
and
• a layer of the image that shows the origi-
nal unaltered image.

Date and time are important and easily
recorded. Validity of the data, however, must

be ensured as well and is not quite as
straightforward. The source of the data can
be the camera’s internal clock or GPS input.
The GPS input would be preferable as it can-
not be set incorrectly. If the internal clock is
used, then it should be adjusted to the same
time format and zone that the investigating
agency is using (i.e., local or ZULU).

Camera (equipment type) information is
recorded under both the TIFF extensions
and EXIF, but camera settings and condi-
tion information are only available under
EXIF. This type of data includes exposure
time, F number, ISO speed rating, shutter
speed, flash, exposure program, light source,
etc. (For a detailed list, see Figures 2 and 3.)

When the image file is opened in an ap-
plication that supports EXIF, this data can
be viewed, making highly detailed log sheets
in the field unnecessary. Information such
as the exact location of where a photo was

Figure 1

Figure 2
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taken and direction are also very important
to know. With investigations increasingly
using more digitized data from the surveys
of accident sites, the ability to bring in lati-
tude and longitude information, as well as
the direction the photo was taken, becomes
even more valuable. Being able to map out
the location of a photo in respect to a spe-
cific part or piece of wreckage using pre-
cise (differential GPS) measurements is
very valuable in post-field activities.

If the camera is set properly, both TIFF
extensions and EXIF can record the name
of the photographer. This is very important
in investigations involving multiple parties
or agencies in order to keep the source
known. If all that is left at the end of an
investigation is a CD full of JPEG files, and
no information on the photographer, you
cannot be assured of the chain of custody of
the images.

There are two other requirements for
digital images used in an investigation that
are not currently addressed under these
formats. The first is the ability to log any
alterations or modifications of the file. Any
time there is a modification, or a filter is
used on an image in an application, there
must be a log of those changes. This would
allow anyone in the investigation to deter-
mine the authenticity of an image. The sec-
ond is a “layer” of the image that would re-
main unaltered. This would be similar to
Adobe PhotoShop’s layering system, except
that the base layer would never change.
Notations, filters, or other processes could
be done on the photo, but the base photo
cannot be changed. This allows all parties
to recover the original, unaltered image. By
using these two features together, the his-
tory of a digital image could be viewed by
anyone examining the electronic version of
an image. However, these safeguards would
not prevent an illicitly altered image from
being printed and represented as accurate.
Ultimately, a process would have to be de-
veloped that not only made the electronic
image’s authenticity verifiable, but would
also prevent an altered image from being
printed without an indication that it had
been altered.

Getting it done
An industry group is needed to address the
issues identified above and develop a series
of standards. These standards would en-
compass a format for digital media that al-
lows “audit” of the authenticity as well as a
number of processes that would ensure that

authenticity of both
the electronic and
printed form of digi-
tal photographs
could be verified.

Indeed, the need
for this “secure
video” capability ex-
tends beyond the
aircraft accident in-
vestigation commu-
nity. Any discipline
that relies on au-
thentic photographs
would be affected.
All modes of trans-
portation accident
investigation, law
enforcement, and
insurance compa-
nies have similar in-
terests, as would a
variety of govern-
ment agencies. Rep-
resentatives of
these groups, along
with camera and im-
age processing ex-
perts, should be
brought together in
a cooperative gov-
ernment-industry
group to develop standards for “secure”
digital photographs.

The resulting standards and processes
would ultimately result in a means to take,
store, enhance, clarify, edit, copy, and print
digital photographs while maintaining the ca-
pability to recover the original image and
identify all changes made to it.

Establishing standards is never easy—
competing interests must be balanced and
somebody has to pay for the changes to the
status quo. Nevertheless, absence of a
means to ensure that photographs taken
cannot be altered without irrevocable evi-
dence of that alteration has the potential to
result in significant cost to the industry if
manufacturing and operations are affected
by erroneous conclusions drawn from an
investigation based on flawed evidence.

As the capability to take extremely high-
quality digital photographs and distribute
them instantly around the world expands,
as the capability to make changes to digital
photographs becomes ever-more sophisti-
cated, and as the potential cost of accidents
becomes higher, the need for digital photo-
graphs whose authenticity can be positively

Figure 3

determined will similarly increase.
The characteristics identified by the

SWGIT Group and listed above are
straightforward. The original image must
be preserved and be recoverable, change
must be allowed but must also be logged or
tracked, and the enhanced or changed im-
age must be clearly identifiable as such.
Defining the changes necessary to hard-
ware, software, and processes would not be
difficult. Implementing them in an indus-
try-standard form would be. A standard is
needed that can be applied to newly manu-
factured cameras, retrofit into existing ones,
and supported by image editing software.
The aircraft accident investigation commu-
nity has before it an opportunity to take a
leadership role in an effort to proactively
improve upon a technology to the benefit of
all investigations and related activity.

The solution to developing a set of stan-
dards for camera, recording media, and re-
lated processes is for government and in-
dustry to work cooperatively to review the
need, identify the requirements, and set the
processes in motion that will lead to such
standards. ◆

Figure 4

ISASI News April-June 2005.pmd 4/13/2005, 7:59 AM19



20 • ISASI Forum April–June 2005

P
H

O
T

O
S

 C
O

U
R

T
E

S
Y

 G
E

R
M

A
N

 B
F

U

Why Does
ACAS/TCAS Fail?

Both airplanes were equipped with ACAS/TCAS II,
Version 7 yet collided in midair. A German BFU investigation

answers the question ‘Why?’
By Johann Reuss, Bundesstelle für Flugunfalluntersuchung (German

Federal Bureau of Aircraft Accidents Investigation)

The damaged ACAS/TCAS computer of the TU 154M.

Johann Reuss has been
with BFU since 1987. He
has participated in
several national and
international aircraft
accident investigations as
an investigator-in-charge,

an accredited representative, adviser, or
an expert for investigation of avionics
equipment. He was chairman of the
TCAS Group in the investigation of the
accident at Ueberlingen. Reuss is a
lecturer for the air crash investigation
course at the International University of
Applied Sciences Bonn—Bad Honnef.

Airborne Collision Avoidance Systems

(This article was adapted, with permission,
from the author’s presentation entitled Air-
borne Collision Avoidance System: ACAS/
TCAS from the Accident Investigation’s
Point of View, presented at the ISASI 2004
seminar held in Australia’s Gold Coast re-
gion Aug. 30 to Sept. 2, 2004, which carried
the theme “Investigate, Communicate, and
Educate.” The full presentation including
cited references index is on the ISASI
website at www.isasi.org.—Editor)

On July 1, 2002, a midair collision be-
tween a Tupolev TU154M and a
Boeing B-757-200 occurred north of

the city of Ueberlingen (Lake of Constance).
The Tupolev was on a flight from Moscow,
Russia, to Barcelona, Spain; the B-757 was
on a flight from Bergamo, Italy, to Brus-
sels, Belgium. Both aircraft were flying IFR
(instrument flight rules) and were under
control of ACC Zurich. After the collision,
both aircraft crashed into an area north of
Ueberlingen. All 71 persons aboard the two
airplanes perished.

The German Federal Bureau of Aircraft
Accident Investigation (BFU) investigation
team identified the following immediate
causes:
• The imminent separation infringement
was not noticed by ATC in time. The ATC
instruction for the TU154M to descend was
given at a time when the prescribed sepa-

ration to the B-757-200 could not be ensured
anymore.
• The TU154M crew followed the ATC in-
struction to descend and continued to do so
even after TCAS advised them to climb.
This maneuver was performed contrary to
the generated ACAS/TCAS RA.

The following systemic causes were
identified:
• The integration of ACAS/TCAS II into
the aviation system was insufficient and did
not correspond in all points with the sys-
tem philosophy.
• The regulations concerning ACAS/TCAS
published by ICAO and as a result the regu-
lations of national aviation authorities, op-
erations, and procedural instructions of the
TCAS manufacturer and the operators
were not standardized, were incomplete,
and partially contradictory.
• Management and quality assurance of the
air navigation service company did not ensure
that during the night all open workstations

were continuously staffed by controllers.
• Management and quality assurance of
the air navigation service company for years
tolerated the practice that during times of
low traffic flow at night, only one controller
worked and the other one rested.

An essential part of the investigation
done by the BFU was the investigation of
ACAS/TCAS. Although both airplanes were
equipped with ACAS/TCAS II, Version 7,
the accident was not prevented. One of the
major questions in this investigation was
why was ACAS/TCAS not able to prevent
the midair collision?

ACAS/TCAS operates by interrogating
Mode C or Mode S transponders installed
in other aircraft, and uses the responses to
identify traffic conflicts within a protected
volume of airspace around the aircraft. The
system generates traffic advisories (TAs)
to assist the flight crew in locating and moni-
toring other traffic that may present a col-
lision hazard. If ACAS/TCAS determines
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that an intruder aircraft will enter the pro-
tected airspace around the aircraft, the sys-
tem generates a resolution advisory (RA).
The RA provides the crew with collision-
avoidance guidance.

Investigation
To rule out a technical malfunction of the
ACAS/TCAS computer, it was a most im-
portant aim to read all data stored by the
computers.

The ACAS/TCAS computer of the B-757-
200 was completely destroyed by impact
forces and fire. Some data could be deter-
mined by reading the TU154M computer be-

cause each airplane’s ACAS/TCAS computer
involved stored data of the other airplane.

The non-volatile memory of the ACAS/
TCAS computer of the TU154M was read
at the ACAS/TCAS manufacturer under

supervision of members of the BFU inves-
tigation team.

The recovered ACAS/TCAS computer of
the TU154M had been crushed during im-
pact, and the faceplate was partially de-
tached from the processor chassis. Because
of the damage to the computer, the unit was
not bench testable. The processor card was
not in a condition to be placed into another
intact unit in order to download the contents
of the memory chips into a serviceable unit.
The two identified chips were cleaned and
then removed (de-soldered) from the pro-
cessor circuit card. The chips were placed
into a microchip reader and the contents
downloaded into a 3.5-inch floppy disk.

The downloaded data were then imported
into a software package called TRAFFIQ
System (Traffic Resolution Advisories and
Fault Failure Inspection and Query System).
The event history file was opened and the
investigation group examined the resultant
data. There were two situations during the
flight for which the ACAS/TCAS computer
generated event numbers and stored the
course of events in the data memory.

The data included the measured values
of own aircraft (altitude, bearing, distances)
and the altitude information of the intruder
received via the transponder. ACAS/TCAS
calculated the values for the rate of climb
and descent from the received altitude in-
formation and stored them. This data could
also be analyzed. Therefore, important in-
formation for the reconstruction of the
flightpaths of both airplanes was available.

The ACAS/TCAS data of the TU154M,
shown in table 1, was extractable from the
memory.

Processor card and de-soldered memory chip.

ime Altitude V/S Intruder Bearing
(UTC) (feet) (ft/min) Range (nm) (deg) Advisory

21:34:32 35968 217 11.97 325 -
21:34:34 35968 140 11.56 326 -
21:34:36 35968 45 11.16 326 -
21:34:38 35968 49 10.75 328 -
21:34:40 35968 -70 10.31 328 -
21:34:42 35968 -101 9.94 328 TA
21:34:44 35968 -66 9.53 328 TA
21:34:46 35968 -62 9.12 328 TA
21:34:48 35968 -13 8.69 328 TA
21:34:50 35968 42 8.31 328 TA
21:34:52 35968 -65 7.88 329 TA
21:34:54 35968 -166 7.48 328 TA
21:34:56 35968 -155 7.11 326 RA Climb
21:34:58 35968 -168 6.69 325 RA Climb
21:35:00 35968 -451 6.31 323 RA Climb
21:35:02 35968 -705 5.91 322 RA Climb
21:35:04 35840 -1072 5.48 322 RA Climb
21:35:06 35840 -1117 5.09 323 RA Climb
21:35:08 35840 -1421 4.69 323 RA Climb
21:35:10 35712 -1871 4.30 322 RA Climb
21:35:12 35712 -1841 3.91 321 RA Climb
21:35:14 35584 -2025 3.52 321 RA Climb
21:35:16 35456 -2227 3.12 321 RA Climb
21:35:18 35456 -2347 2.73 319 RA Climb
21:35:20 35328 -2377 2.34 316 RA Climb
21:35:22 35328 -2212 1.96 315 RA Climb
21:35:23 35200 -2152 1.77 316 RA Climb
21:35:25 35200 -1920 1.40 315 RA Climb
21:35:27 35072 -1766 1.00 315 RA Climb
21:35:29 35072 -1957 0.63 314 RA Climb
21:35:31 34944 -1841 0.24 307 RA Climb
21:35:33 34944 -1335 0.00 162 RA Climb
21:35:34 34944 -1335 0 152 —

Table 1

Note: Instead of the relative time scale of the ACAS/TCAS devices
(elapsed time), the UTC time was included by the BFU.
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Table 2
Time Altitude V/S
(UTC) (feet) (ft/min) Advisory
21:34:32 35968 0 —
21:34:34 35968 0 —
21:34:36 35968 0 —
21:34:38 35968 0 —
21:34:40 35968 0 —
21:34:42 35968 0 —
21:34:44 35968 0 —
21:34:46 35968 0 —
21:34:48 35968 0 —
21:34:50 35968 0 —
21:34:52 35968 0 —
21:34:54 35968 0 —
21:34:56 35968 0 RA Descent
21:34:58 35968 0 RA Descent
21:35:00 35968 0 RA Descent
21:35:02 35968 0 RA Descent
21:35:04 35968 -377 RA Descent
21:35:06 35840 -624 RA Descent

• Altitude: Resolution 128 ft, truncation,
calculation based on a source with 25-ft
resolution.
• V/S: Calculation based on altitude, reso-
lution 25 ft.
• Intruder Range: Distance from the B-
757-200 in nm.
• Intruder Bearing: Angle to the B-757-
200 related to the longitudinal axis of the
TU154M.
• The advisory “increase climb” was stored
in the memory, and the time of storage de-
termined on the basis of the raw data was
21:35:24 hrs.

The following information (Altitude,
V/S, and Advisory) is ACAS/TCAS data of
the B-757-200 interrogated and stored by
the TU154M computer (see Table 2).
• Altitude: Resolution 128 ft, truncation,
calculation based on a source with 25-ft reso-
lution. (Transponder reply of B-757-200.)
• V/S: Calculation based on altitude, reso-
lution 25 ft.
• The advisory “increase descent“ as an in-
dividual command was not transmitted to
the TU154M.
• This command was recorded on the CVR
at 21:35:10 hrs.

The ACAS/TCAS investigation team also
examined the maintenance fault informa-
tion from the processor card. The following
six faults were recorded:
1. XT bus 2 failure
2. Radalt failure: no radalt #2 found
3. CFDS bus fail
4. XT bus 1 fail label error
5. XT bus fail no active XT
6. TA display 1 failure

Design engineers from the ACAS/TCAS

manufacturer indicated that there was no
current method to correlate the mainte-
nance fault information to the event flight
history information.

Operational findings
Based on the recovered data, the following
time line shows the functions of the ACAS/
TCAS computers after the identification,
the positioning, and the transponder inter-
rogation:
21:34:32 hrs
The airplanes flew at FL360 (altitude dif-
ference was approximately 50 ft) and at a
distance of 11.97 nm.
The ACAS/TCAS of the TU154M localized
the B-757-200 at an angle of 325° (-35° re-
lated to its own longitudinal axis).
21:34:42 hrs
The ACAS/TCAS devices of both airplanes
generated a TA simultaneously. The dis-
tance between the two airplanes was 9.94
nm.
21:34:56 hrs
The ACAS/TCAS devices of both airplanes
generated an RA simultaneously because
they continued to fly at the same altitude.
The distance between the two airplanes was
7.11 nm.
The RA in the TU154M was “climb,”
“climb.”
The RA in the B-757-200 was “descend,”
“descend.”
(FDR data showed that both airplanes
started to descend at 21:34:57 hrs.)
21:35:10 hrs
The distance between the two airplanes was
4.3 nm.
The ACAS/TCAS of the B-757-200 gener-

ated the advisory “increase descent.”
21:35:24 hrs
The distance between the two airplanes was
1.54 nm.
The ACAS/TCAS of the TU154M gener-
ated the advisory “increase climb.”
Both airplanes were still in descent with
almost the same rate of descent and an alti-
tude difference of less than 100 ft.
21:35:34 hrs
Collision of the airplanes.

Evaluation of CAS logic
Prior to the issuance of the RAs, the air-
planes were in cruise flight with a vertical
speed of almost zero and an altitude differ-
ence of approximately 50 ft.

Both airplanes reported their altitude in
25-ft increments. They tracked an altitude
difference of one or two increments,
whereas the B-757-200 was below the
TU154M. Thus the altitude difference was
the decisive factor for the selection of the
direction of the RAs—CAS logic avoids
crossing trajectories.

Following the RAs and the initiated
avoidance maneuvers, the calculated dis-
tance at the CPA (closest point of approach)
normally increases until the ACAS/TCAS
computer generates the aural annunciation
“clear of conflict.”

Due to the contrary reaction of the
TU154M crew, the calculated distance to the
B-757-200 at the CPA did not increase.
Fourteen seconds after the initial RA, the
CAS logic of the B-757-200 generated an
RA “increase descent” (increase the rate of
descent from 1,500 ft/min to 2,500 ft/min)
in order to resolve the persistent conflict.
The CAS logic of the TU154M also gener-
ated an RA “increase climb” (increase the
rate of climb from 1,500 ft/min to 2,500 ft/
min) 28 seconds after the initial RA.

The “increase” advisories are not coor-
dinated between the ACAS/TCAS comput-
ers of airplanes involved in the encounter.
ICAO Annex 10 states that CAS logic com-
putes an extrapolated trajectory instead of
using real tracked values. This leads to dif-

Note: Instead of the relative time scale of the
ACAS/TCAS devices (elapsed time), the UTC time
was included by the BFU.

Time Altitude V/S
(UTC) (feet) (ft/min) Advisory
21:35:08 35840 -1222 RA Descent
21:35:10 35840 -1462 RA Descent
21:35:12 35712 -1541 RA Descent
21:35:14 35712 -1987 RA Descent
21:35:16 35584 -2047 RA Descent
21:35:18 35456 -2640 RA Descent
21:35:20 35456 -2617 RA Descent
21:35:22 35328 -2700 RA Descent
21:35:23 35328 -2535 RA Descent
21:35:25 35200 -2370 RA Descent
21:35:27 35072 -2452 RA Descent
21:35:29 35072 -2422 RA Descent
21:35:31 34944 -2392 RA Descent
21:35:33 34816 -4260 RA Descent
21:35:34 34688 -4260 —
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ferent times for the issuance of strength-
ening RAs in the airplanes involved.

When the crew of the B-757-200 complied
with the advisory “increase descent,” the
altitude difference between the two air-
planes decreased.

ACAS/TCAS II, Version 7 is capable of
generating a reversal RA, i.e., a coordinated
RA into a direction contrary to the initial
RA. The reversal is a way out, if during the
avoidance maneuver an inversion of the
original geometrical situation of the
flightpaths occurred. This situation will
arise in particular if the crews respond con-
trary to the initial RA.

Eurocontrol analysis
A Eurocontrol ACAS/TCAS specialist team
has analyzed the accident based on three
ACAS/TCAS simulations. Three different
data sources and two different analyzing
tools for ACAS/TCAS II were used.

It is the BFU’s opinion that the follow-
ing important insights can be drawn from
the Eurocontrol study:
• The analysis confirmed that the TAs and
RAs in both airplanes were triggered ac-
cording to the design of the CAS logic.
• The simulation and the analysis of the
alert sequence showed that the initial RAs
would have ensured a safe vertical separa-
tion of both airplanes if both crews had fol-
lowed the instructions accurately.

Moreover, Eurocontrol conducted a fur-
ther analysis of how TCAS II would have
reacted in this case with the modification
CP 112, which had already been developed
prior to the accident. According to the re-
sults provided, ACAS/TCAS would have
generated a reversal RA after the initial RA,
which would have led to a sufficient vertical
separation of both aircraft if the Boeing B-
757-200 crew would have reacted accord-
ing to the reversal RA.

As ACAS/TCAS II, Version 7 is designed
as a semiautomatic system that serves as a
“last line of defense” in collision avoidance,
clear and unambiguous procedural instruc-
tions for the crews are an essential prereq-

uisite. This prerequisite is so important be-
cause the system philosophy of ACAS/
TCAS II, Version 7 provides only one pro-
cedure after the issuance of an RA and that
is to follow the generated RA.

The decision to follow an RA without res-
ervation could mean that up to the resolu-
tion of the conflict the crew has to divert
from other obligatory standards, for in-
stance, from instructions for vertical sepa-
ration issued by ATC and from other gen-
eral right-of-way rules.

ICAO regulation
In view of the international importance of
ACAS/TCAS, the establishment and publi-
cation of standardized procedures by ICAO
is an essential requirement.

ACAS/TCAS has been mandatory in the
USA since 1993 and in Europe and the
Middle East since 2000, but is not yet re-
quired in other parts of the world. Thus, the
installation of ACAS/TCAS was one prereq-
uisite the operator of the TU154M had to
meet to be allowed to fly to European des-
tinations. For domestic flights within the
Russian Federation, ACAS/TCAS is not
presently required.

BFU evaluated the publications of the
ICAO concerning ACAS/TCAS as follows:
Annex 2: In Annex 2 (Rules of the Air) pro-
cedural instructions for the utilization of
ACAS/TCAS are not taken into account
sufficiently.

Though the wording, “The aircraft that
has the right of way shall maintain its
heading and speed, but nothing in these
rules shall relieve the pilot-in-command of
an aircraft from the responsibility of tak-
ing such action, including collision-avoid-
ance maneuvers based on resolution advi-
sories provided by ACAS equipment, as
will best avert collision.” (Rules of the Air,
Chapter 3. 3.2.2, Right–of–way) allowed a
deviation from the right-of-way rules in the
case of a ACAS/TCAS RA. It did not make
clear, however, the required consequent ac-
tion to be taken by the pilot in case of an
RA.

Annex 10: The note, “Contrary pilot re-
sponse” […] was adequate and clear; how-
ever, its placement in Annex 10 was unfa-
vorable as this Annex contains mainly tech-
nical specifications. A better place for this
instruction would have been Annex 2 or
Doc. 8168.
Doc. 8168, PANS-OPS: In Doc. 8168 the
“Operation of ACAS Equipment” was to be
described. These objectives have not been
achieved, as the descriptions of the proce-
dures were insufficient and unclear. With
the statements, “assists pilots in operation
of the aircraft” and “Nothing in the proce-
dures shall prevent pilots-in-command
from exercising their best judgment and
full authority in the choice of the course of
action to resolve a traffic conflict.” ( 3.1.1.
and 3.1.2 of Doc. 8168) The pilots were given
freedom of decision, which according to the
ACAS/TCAS philosophy must not be
granted. The procedural requirement to
comply with an RA and to immediately re-
port the avoidance maneuver advised by
ACAS/TCAS to the controller responsible
for the vertical separation was not described
clearly enough in the Doc. 8168. Thus, the
situation of a coincidence of an RA with an
instruction given by the controller had not
been dealt with either.
Doc. 4444, PANS-ATM: With the publica-
tion of the Doc. 4444 a procedural descrip-
tion (15.6.3.2) has been issued for the Air
Navigation Services directing that the con-
troller should not influence the flightpath
in cases where the pilot reports a ACAS/
TCAS RA, until the conflict has been
resolved.

A prerequisite for the effectiveness of this
procedural instruction is the timely report
of an ACAS/TCAS RA via radio, as an au-
tomatic transmission from the aircraft to
the ground is not provided.
State Letter AN 11/19-02/82: In the state
letter dated Aug. 8, 1997, the procedures to
react to an RA and the necessary training
procedures were described much more
clearly. The wording, however, did not com-
ply with the procedural descriptions in An-

In view of the international importance of ACAS/TCAS, the
establishment and publication of standardized procedures by
ICAO is an essential requirement.

ISASI News April-June 2005.pmd 4/13/2005, 7:59 AM23



24 • ISASI Forum April–June 2005

nex 2 and Doc. 8168; partially, the interpre-
tation was even contradictory.

Specifications/Procedures
unclear
The specifications of the ACAS/TCAS
manufacturer’s pilots guide regarding the
ACAS/TCAS system philosophy and the
necessary procedures that ensure a safe
function were not described distinctly
enough. The wording “TCAS 2000 is a
backup to the ATC (air traffic control) sys-
tem and the see-and-avoid concept” could
be interpreted that ATC takes priority over
TCAS and that TCAS is designated to be
implemental or a substitute. It was not clear
in the description of the system philosophy
that ACAS/TCAS is exclusively meant as a
“last line of defense” for the avoidance of a
collision and that in this stage ACAS/TCAS
advisories must take precedence over in-
structions given by ATC controllers.

The TCAS 2000 pilots guide does not
state clearly enough that the safe separa-
tion accomplished through ATC and the
tasks of ACAS/TCAS are two different
functions. It is not clear that ACAS/TCAS
is not part of the conceptual design of ATC.

In the chapter “Pilot Responsibilities,” a
sufficient directness is missing. On one hand
it talks about “backup for ATC,” and on the
other it uses the following wording:
• Must not delay in responding to the RA.
• Must not modify a response to an RA.
• Must follow the RA maneuver, unless in-
voking “Emergency Pilot Authority.“

The descriptions in the TCAS 2000 pi-
lots guide were the basis of ACAS/TCAS
trainings within the operator companies and
for the procedures.

Other regulations
TU154M flight operations manual—This
passage made clear that ATC has the high-
est priority in the avoidance of collision
risks: For the avoidance of inflight colli-
sions is the visual control of the situation
in the airspace by the crew and the correct
execution of all instructions issued by ATC

to be regarded as the most important tool.
TCAS is an additional instrument that
ensures the timely determination of on-
coming traffic, the classification of the risk,
and, if necessary, planning of an advice for
a vertical avoidance maneuver.
Eurocontrol—All Eurocontrol publications
for ACAS/TCAS introduction, training, and
utilization have a recommending character.
All Eurocontrol documents express a clear
ACAS/TCAS philosophy and clear rules of
action and procedural instructions follow-
ing the issuance of an RA.
JAA—The JAA Leaflet No. 11 had no legal
significance in the accident, as the States of
registry and the States of the operators of
both airplanes were not JAA member States.
Aeronautical Information Publication
(AIP) Germany—The explanations in the
Aeronautical Information Publication Ger-
many concerning ACAS/TCAS were not up-
to-date for ACAS/TCAS II, Version 7. With
regard to contents several terms, e.g.,
“Evaluation of ACAS/TCAS,” were related
to the introduction phase. The procedural in-
struction for the actions to be taken by the
pilots in case of an RA was not worded clearly
enough.
Luftverkehrsordnung (LuftVO—Air Traf-
fic Order)—Pursuant to §13 Subpara 9 a
deviation from the right-of-way rules was
possible. With the wording, “This also ap-
plies to diversionary maneuvers that are
based on recommendations given by colli-
sion-avoidance equipment on board,” the
pilots are granted a freedom of decision that
is not compatible with the system philoso-
phy of ACAS/TCAS II, Version 7. For the
purpose of the ACAS/TCAS philosophy, the
use of the term “recommendation” is inad-
equate. In case of an RA, there can be only
one reaction of the pilots: to follow the RA.

Furthermore the wording allows two dif-
ferent kinds of interpretation:

The paragraph can mean that indepen-
dent of the right-of-way rules, an RA must
be followed in order to avoid a collision. The
paragraph can also mean that the pilots
have the option to deviate from the right-

of-way rules and the ACAS/TCAS RAs in
order to avoid a collision.

In theory it might be possible, in reality
not really practicable. In principle it is cor-
rect to give the pilot the final power of deci-
sion; the pilot, however, has no better basis
for his decision than ACAS/TCAS can give.

Advisory circular (AC) by the Federal
Aviation Administration (FAA):

In the AC, which had no legal effect on
the airplanes involved, the procedures fol-
lowing the issuance of an TA/RA as well as
the responsibilities (for the individual
flightcrew members) and the training mea-
sures were described clearly and unambigu-
ously. The training program of the B-757-
200 operator was based on this document.

Safety-related conclusions
• In case of failure by ATC to provide safe
separation between aircraft, ACAS/TCAS
provides an independent safety net in pre-
venting mid-air collisions.
• ACAS/TCAS is an effective system, but
its ability to fulfill its role is entirely depen-
dent on correct and timely flight crew re-
sponses to collision-avoidance maneuvers
calculated and displayed by the system.
• The procedure for pilots has to include
the following elements:
—In the event of an ACAS/TCAS RA to
alter the flightpath, pilots shall respond
immediately and maneuver as indicated,
unless doing so would jeopardize the safety
of the airplane.
—Never maneuver in the opposite sense to
an RA, nor maintain a vertical rate in the
opposite sense to an RA.
• The regulations concerning ACAS/TCAS
published by ICAO and as a result the regu-
lations of national aviation authorities, op-
erational, and procedural instructions of the
ACAS/TCAS manufacturer have to be stan-
dardized, clear, and unambiguous.

Note: Further investigation aspects con-
cerning ACAS/TCAS in the BFU final re-
port are human factors (HF) and training.
A download of the final report is available
at http://www.bfu-web.de/. ◆

The TCAS 2000 pilots guide does not state clearly enough
that the safe separation accomplished through ATC and the
tasks of ACAS/TCAS are two different functions.
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ISASI’s 2005 planners of the Society’s
Dallas-Ft. Worth Chapter, which is
hosting the 36th annual international
seminar, has developed a detailed website
to provide information relative to the
Society’s premier member event:
www.isasi2005.com.

With its theme of “Investigating New
Frontiers in Safety,” the seminar will span
September 12-16 and be held in Ft Worth,
Tex., at the Renaissance Worthington
Hotel (Marriott), which is providing a
special rate of $140 per night to attend-
ees. The rates are good for September
8-18.

While hotel reservations may be made
on line, by fax, or by phone, seminar
registration requires the completion of a
registration form which can be downloaded
from the website; it is also available in this
issue of Forum (see page 27). After the
form is completed, it must be mailed or
faxed to the appropriate address, depend-
ing on the method of registration payment.

The seminar program registration fee
is as follows: member $495; student
member $225; nonmember $545. If
registration is made after August 15, the
fees are $545, $250, and $595, respectively.
The fee for either of the two tutorials set
for September 12 (emergency response
preparedness including family assistance
issues and helicopter accident investiga-
tion) is $95 by August 15 and $125
thereafter. The companion fee is $350 by
August 15 and $395 after that date. The
fee for the day-long post-seminar function
event conducted on September 16 is $95.

Seminar sponsorships are still available
in the following categories Blue $1,000,
Silver $3,000, Gold $6,000, and Platinum
$10,000. Organizations wishing to become
sponsors may contact Curt Lewis,
seminar chairman, at curt@curt-
lewis.com. ISASI is an IRS 501(c)(3)(US)
qualified entry. Full details regarding
sponsorship opportunities are also
available on the seminar website.

At press time, neither the technical

speakers schedule nor the program
schedule, including the companions
program, had been finalized. However,
program planners said all schedules will
be posted on the seminar’s website as
quickly as possible. Other information on
the seminar website includes full details
regarding exhibitor opportunities, hotel
accommodations, visitor information, and
transportation availability. International
air service connects through the Dallas-
Fort Worth International Airport, which
is served by 25 air carriers conducting
2,300 daily flight operations at the
airport. ◆

SCSI Adds Benefit to
Memorial Scholarship
ISASI corporate member Southern
California Safety Institute (SCSI) has
announced that it is marking as “perma-
nent” its up-to-now ad hoc award of a
tuition-free scholarship to the annual
selectee(s) of ISASI’s Rudolph Kapustin
Memorial Scholarship Award, said Dr.
Peter Gardiner.

He noted that at the 2003 seminar in
Washington, SCSI made available to the
winners of the scholarship tuition-free
attendance to SCSI’s aircraft accident
investigation course. “Michiel Shuurman,

one of the winners that year, took us up on
it and he proved to be very successful. We
had intended to make this option more
permanent, but we were not in attendance
in Australia to do so,” Dr. Gardiner said.

“The winner(s) can select any regularly
scheduled commercial AAI course or, if
they have previously completed a basic
investigation course, any one of the other
SCSI scheduled investigation courses.
Unfortunately, SCSI cannot fund their
travel or accommodations as part of the
scholarship,” noted Gary R. Morphew
(MO2538), SCSI director of aircraft
accident investigation.

ISASI’s scholarship committee will
formerly present the SCSI proposal to
the International Council at its upcoming
meeting in May, said Ron Schleede, co-
chair of the Society’s Scholarship
Committee. ◆

Int’l Members Alerted to
Upcoming Meetings
ISASI members who are not members of
an ISASI regional society or an ISASI
chapter are ISASI international mem-
bers, said ISASI International Councillor
Caj Frostell, in announcing that the group
will meet at the ISASI seminar 2005 in
Ft. Worth, Tex. “We will hold an interna-

2004 Annual Seminar Proceedings Now Available

Active members in good standing and
corporate members may acquire, on a
no-fee basis, a copy of the Proceedings
of the 35th International Seminar,
held in the Gold Coast, Queensland,
Australia, Aug. 30-Sept. 2, 2004, by
downloading the information from the
appropriate section of the ISASI
website at http://www.isasi.org. The
seminar papers can be found in the
“Members” section. Alternatively,
active members may purchase the

Proceedings on a CD-ROM for the
nominal fee of $15, which covers
postage and handling. Non-ISASI
members may acquire the CD-ROM
for a US$75 fee.

A limited number of paper copies of
Proceedings 2004 are available at a
cost of US$150. Checks should
accompany the request and be made
payable to ISASI. Mail to ISASI, 107
E. Holly Ave., Suite 11, Sterling, VA
USA 20164-5405.
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MOVING?
Please Let Us Know
Member Number_____________________

Fax this form to 1-703-430-4970 or mail to
ISASI, Park Center
107 E. Holly Avenue, Suite 11
Sterling, VA 20164-5405

Old Address (or attach label)

Name _____________________________

Address ___________________________

City _______________________________

State/Prov. _________________________

Zip _______________________________

Country ___________________________

New Address*

Name _____________________________

Address ___________________________

City _______________________________

State/Prov. _________________________

Zip _______________________________

Country ___________________________

E-mail ____________________________

*Do not forget to change employment and
e-mail address.
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tional members meeting—probably in
parallel with the meetings of the regional
societies and the chapters. We will discuss
what ISASI can do for the international
members and we will discuss the experi-
ences so far with the ISASI Reachout
workshops. The Reachout program is in
many aspects geared toward the interna-
tional members,” said Frostell.

Another initiative to coincide with the
ISASI 2005 seminar is the reactivation of
GASIG (Government Investigators
Group), Frostell noted. A meeting will be
scheduled in connection with seminar, and
the venue will be announced at the
seminar.

Frostell said that he will be participat-

ing in a 2-week accident investigation
course in Prague, Czech Republic, in late
April, in the ISASI SMS Reachout
Workshop in Taiwan from May 10-11, and
in the ISASI SMS Reachout Workshop
(organized in cooperation with COSCAP-
North Asia) in Seoul, Republic of Korea,
from May 16-19. ◆

Cranfield SAIC Joins
ISASI Corporate Group
Cranfield Safety and Accident Investiga-
tion Centre has become a corporate
member of ISASI as part of its continued
commitment to education and research in
accident investigation. Investigation
courses have run at Cranfield since 1977
under the direction of past Jerry Lederer
Award winner Frank Taylor until his
retirement in 2001. Dr. Graham Braith-
waite was appointed director in 2003 and
since then Cranfield has also worked with
rail and marine accident investigators in
parallel with its aviation safety and
accident investigation activities.

Cranfield’s flagship course is a 6-week
aircraft accident investigation course,
which includes a 3-week fundamentals
module that also benefits from speakers
and delegates from the rail and marine
industries, followed by a 3-week module in
advanced aircraft accident investigation
techniques. The next AAI course open for
enrollment is September 5-October 14,
2005. The Centre’s aircraft accident
investigation for aircrew and operations
executives course is scheduled for
October 31-November 11, 2005.

Dr. Braithwaite notes that “the magic of
the Cranfield formula has always been the
close collaboration with the UK AAIB and
other industry partners.” He noted that
during the 6-week course, delegates will
hear from more than 80 different experts
and experience a range of simula-tions
including a week-long accident investiga-
tion on the university’s own airport.

In 2004, Cranfield launched a part-time

MSc program in safety and accident
investigation for the aviation industry,
allowing those completing the 6-week
course to complete additional modules in
areas ranging from human factors and
courtroom skills to crashworthiness and
forensic science. More details about these
course are available at www.cranfield.ac.
uk/soe/airtransport/csaic.htm. ◆

Who is Where?
• Caj Frostell, ICAO, chief of the
Accident Investigation and Prevention
(AIG) Section, retired in late 2004. He
remains active in ISASI as its Interna-
tional Concillor. He and his wife Raila will
continue to reside in Montreal, Canada
(although they also maintain residences in
Helsinki, Finland, and Eskilstuna,
Sweden). Marcus Costa, a former chief of
CENIPA in Brazil, is successor to the AIG
post. Costa will participate in the ISASI
seminar in Ft. Forth in September and is
looking forward to working with ISASI.
• Ken Smart, United Kingdom chief
inspector of air accidents and head of the
Department of Transport’s Air Accidents
Investigation Branch (AAIB), has retired
from that service. He remains active in
ISASI as president of the European
Society.
• Kay Yong, Taipei Aviation Safety
Council (ASC) chairman and managing
director, resigned his post effective April
1. He is the first managing director of
ASC, which was established in May 1998.
He has served as chairman of the Council
since May 2004.
• Ellen G. Engleman Conner’s term as
chairman of the U.S. National Transpor-
tation Safety Board has expired, but she
is expected to be renominated for the
chairman’s position.
• Carol J. Carmody, U.S. NTSB
member, has left the Board after nearly 5
years as a member. She joined the Board
on June 5, 2000, as the 30th member of
the NTSB, and served 2 years as vice-
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Continued . . .
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chairman of the Board from 2001 to 2003.
• Roger Whitefield has been appointed
for 5 years to the UK Civil Aviation
Authority Transport as a part-time non-
executive member of the Board of the
Civil Aviation Authority (CAA). He will be
a member of the CAA’s Safety Regulation
Group Policy Committee and will have a
particular interest in safety regulation.
He was head of safety at British Airways
until 2004. ◆

IFALPA Begins Accrediting
Accident Investigators
The International Federation of Air Line
Pilots Associations (IFALPA) has
developed a program involving the
accreditation of pilot investigators. The
purpose of this accreditation is to give the

States the greatest possible assurance
that the appointed pilot representative
will provide the most professional
contribution to any investigation. Mini-
mum requirements for accreditation
include attendance at an IFALPA-
approved accident investigation course.

IFALPA firmly believes that member
associations should be entitled to
participate in the investigation of
commercial aircraft accidents or inci-
dents whenever they occur within their
own State, or when they occur in another
State and involve pilots and/or commer-
cial aircraft of that State. Such participa-
tion should be exercised through the
appointment to the investigative body of
pilots possessing the necessary training,
qualifications, and experience to partici-
pate in an investigation as advisors to the

investigator-in-charge, or the State
accredited representative

IFALPA has developed detailed policy
in relation to aircraft accident/incident
investigation and has initiated its own
structure. The Federation believes that
the participation of active commercial
pilots fully qualified as investigators on
official investigative boards will always be
of paramount importance.

An IFALPA-sanctioned accident
investigation course was recently run for
the first time in ASPA de Mexico’s
headquarters in Mexico City. Some 25
delegates, mostly from the South Ameri-
can member associations, attended the
course, organized by the University of
Southern California (USC). Arnaud du
Bedat, IFALPA’s technical officer
responsible for the accident analysis
committee, also attended. The course was
run by former U.S. NTSB accident
investigators and included instruction on
investigation methods, technical issues,
medical matters, and aircraft systems. ◆

FAA Moves to Upgrade
Black Boxes
The FAA proposes significant upgrades to
aircraft “black boxes” to increase the
quality, quantity, and survivability of
recorded data, said the agency.

Under the proposed rules, all voice
recorders must record the last 2 hours of
cockpit audio instead of the now required
15 to 30 minutes. Also, required is a 10-
minute independent backup power source
for the voice recorders to allow recording
even if all aircraft power sources fail.
Voice recorders also would have to use
technology other than magnetic tape,
which is vulnerable to damage and
decreased reliability. The proposed rule
also clarifies operating requirements for
voice recorders, which would have to
operate continuously from when pilots
begin their checklist before starting the
engines until completion of the final

New Members

Corporate
AeroVeritas Aviation Safety Consulting

Ltd., CP0233
Mark J. Mohelnitzky
Alexandra Mohelnitzky

Aircraft Mechanics Fraternal
Association, CP0230
John T. Glynn
Kiss A. Ernie

Centurion, Inc., CP0232
Anthony B. Gudgeon
Daniel A. Kleynhans

Cirrus Design, CP0231
William T. King
Robert M. Busch

Individual
Alsawagh, Mukhled, KH, MO5129,

Kuwait, Kuwait
Carrelli, Michael, A., MO5126,

Maungaraki, New Zealand
Cumbie, Robert Mike, MO5142,

Woodbridge, VA, USA
Dellanave, Juan, G., MO5137,

Montevideo, Uruguay
Ferrero, Leonardo, B., ST5135, Trieste,

Italy
Fitzsimons, Lisa, AO5145, Bristol,

United Kingdom

Geil, Timothy, G., MO5130, Allen, TX, USA
Gimas, Simeon, AO5128, Larisa, Hellas
Gretz, Robert, J., MO5127, Pompton

Lakes, NJ, USA
Hunt, Bryan, W., ST5131, Daytona

Beach, FL, USA
Jacobson, Phillip, D., FO5132, North

Richland Hills, TX, USA
Jones, Glenn, W., FO5144, Toowoomba,

Qld, Australia
Kashambo, Barry, A., MO5139,

Kampala, Uganda
Krajca, Brian, H., FO5134, Euless, TX, USA
Long, Terry, M., MO5141, Orangeville,

ONT, CANADA
Madarmeh, Mowaffaq, A., MO5136,

Amman, Jordan
Maier, Steven, P., MO5124, Broomfield, CO,

USA
Markey, Allison, R., ST5125, Daytona

Beach Shores, FL, USA
Okunor, Rex Sunday, MO5143, Egbeda,

Lagos, Nigeria
Reil, Carly, D., ST5133, Daytona Beach,

FL, USA
Spiegel, Peter, MO5138, Surrey Downs,

Australia
Steller, Caren, M., ST5140, Daytona

Beach, FL, USA
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Murphy’s Law

checklist when the flight ends. For details
of the proposed rule see www.faa.gov/avr/
arm/nprm.cfm?nav=nprm. ◆

NTSB Reports Decrease in
Aviation Accidents In 2004
The National Transportation Safety
Board released preliminary aviation
accident statistics in the U.S. for 2004
showing a decrease in several civil
aviation categories, including scheduled
airliners, air taxis, and general aviation
operations.

By Steven R. Lund

Murphy’s Law was conceived at
Edwards Air Force Base Flight Test
Center in 1949. Named after Capt.
Edward A. Murphy, a conscientious
engineer working on an Air Force
project designed to see how much
sudden deceleration a person can
stand in a crash.

One day, after finding that an
instrument was wired incorrectly, he
cursed the technician responsible and
snarled, “If there is any way to do it
wrong, he’ll find it.” The scrupulous
contractor’s project manager kept a
list of “laws” and blended Murphy’s
words with an older phrase, rendering
what he labeled “Murphy’s Law—If
anything CAN go wrong it WILL!”

Soon, the “law” achieved “guiding
principle” status within the workforce
and steady effort to circumvent the
“law” was credited with the project’s
successful safety record.

Aerospace manufacturers began
using Murphy’s Law widely in their
advertising, and soon it was being
quoted in many news and magazine
articles—establishing Murphy’s Law
and mishap prevention as synonymous.

Along with the other myriad of
design safety considerations, the
astute designers of military aircraft
are keenly aware of Murphy’s Law—
especially when inventing protection
from that golden bullet finding its way

bullet; however, they have to consider
virtually everything else: from salt-
water corrosion to trespassing
seagulls.

Airliners must be designed to
continue to fly safely considering all but
the most improbable of circumstances.
Only those things that can be proven to
happen in less than one in a billion
flights can be excluded from their
clever, discerning design considerations.
The Federal Aviation Administration
defines these rare events as “extremely
remote,” those that happen with a
probability of 1x10-9.

Once they have succeeded in
protecting those highly stressed
metallic parts from corrosion and then
have made the engines and wind-
screens less vulnerable to impact
damage from those unfortunate,
wayward seagulls, they can then
proceed with accounting for the many
other things that can happen more
than once in a billion flights.

Perhaps the U.S. has the FAA and
Capt. Murphy to thank for the safest
commercial airline fleet in the world,
by compelling designers to account for
all but those extremely remote things
that can go wrong. ◆

through any infinitesimal chinks in the
cleverly devised armor around vital flight
control systems such as the autopilot’s
digital computers. The designers try to
shield those vulnerable human pilots who
are allergic to bullets as well.

Safety-conscious commercial airline
transport designers are just as mindful of
Capt. Murphy, but on a much more
sophisticated level. Designers of commer-
cial airliners don’t have to concern
themselves as much with that one golden

Perhaps the U.S. has the
FAA and Capt. Murphy to
thank for the safest commer-
cial airline fleet in the world,
by compelling designers to
account for all but those
extremely remote things
that can go wrong.
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The total number of U.S. civil aviation
accidents decreased from 1,864 in 2003 to
1,715 in 2004. Total fatalities also showed
a decrease from 695 to 635. The majority
of these fatalities occurred in general
aviation and air taxi operations.

General aviation accidents decreased
from 1,741 in 2003 to 1,614 in 2004. There
were 312 fatal general aviation accidents,
down from 352 the year before. The
accident rate decreased from 6.77 per
100,000 flight hours in 2003 to 6.22 in
2004. The fatal accident rate decreased
from 1.37 to 1.20.

Last year, one fatal accident occurred
involving Part 121 airline service.
A Jetstream 32 twin-engine airplane
operated by Corporate Airlines, doing
business as American Connection,
crashed on instrument approach to
Kirksville Regional Airport, Kirksville,
Mo. The accident resulted in 13 fatalities.

Air taxi operations reported 68
accidents in 2004, a decrease from 75 in
2003. The accident rate also decreased
from 2.56 per 100,000 flight hours in 2003
to 2.21 in 2004. However, fatalities
increased from 42 in 2003 to 65
in 2004. ◆
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OFFICERS
President, Frank Del Gandio

(frank.del.gandio.@faa.gov)
Executive Advisor, Richard Stone

(rbstone2@msn.com)
Vice-President, Ron Schleede

(ronschleede@aol.com)
Secretary, Keith Hagy (keith.hagy@alpa.org)
Treasurer, Tom McCarthy

(tomflyss@aol.com)

COUNCILLORS
Australian, Lindsay Naylor

(naylor@spitfire.com.au)
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(avsafe@uniserve.com)
European, Max Saint-Germain
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United States, Curt Lewis
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Brazil—CENIPA www.dac.gov.br/
principalIng
Canada—Transportation Safety Board
www.tsb.gc.ca
Czech Republic—Air Accident Investi-
gation Institute www.uzpln.cz
Denmark—Accident Investigation Board
www.hcl.dk
Finland—Accident Investigation Board
www.onnettomuustutkinta.fi
France—Bureau of Investigations and
Analysis (BEA) www.bea-fr.org
Germany—Federal Bureau of Aircraft
Accidents Investigation www.bfu-web.de
Hong Kong—Civil Aviation Department
www.info.gov.hk/cad/english
Iceland—Aircraft Accident Investigation
Board http://www.rnf.is
Ireland—Air Accident Investigation Unit
www.aaiu.ie
Italy—National Agency for the Emer-
gency of the Flight (ANSV) www.ansv.it
Japan—Aircraft and Railway Accident
Investigation Commission www.mlit.go.jp/
araic
Korea—Aircraft-Accident Investigation
Board www.kaib.go.kr
Netherlands—Dutch Transport Safety
Board www.rvtv.nl
New Zealand—Transport Accident
Investigation Commission
www.taic.org.nz
Norway—Accident Investigation Board
www.aibn.no
Singapore—Aircraft Accident Investiga-
tion Board www.mot.gov.sg
Sweden—Accident Investigation Board
www.havkom.se
Switzerland—Aircraft Accident Investi-
gation Bureau www.bfu.admin.ch
Taiwan—Aviation Safety Council
www.asc.gov.tw
United Kingdom—Air Accidents
Investigation Branch www.aaib.dft.gov.uk
United States—National Transportation
Safety Board www.ntsb.gov

Accident Databases, Statistics,
Reports, and Current and
Historical Materials
Aircraft Crashes Records Office—
www.baaa-acro.com
Air Data Research—www.airsafety.com
AirDisaster.com—www.airdisaster.com
Airline Safety.com—www.airlinesafety.com

AirSafe.com—www.airsafe.com
Aviation Safety Network—
www.aviation-safety.net
AvWeb—www.avweb.com
FindLaw (US only)—www.findlaw.com
Flight Safety Information (FSINFO)—
www.fsinfo.org
Flightscape—www.flightscape.com
JACDEC, Jet Airliner Crash Data
Evaluation Center—www.jacdec.de
National Aviation Reporting Center on
Anomalous Phenomena—
www.narcap.org
The Aero-News Network—www.aero-
news.net

Regional and International
Associations and Organizations
European Aviation Safety Agency—
www.easa.eu.int
European Civil Aviation Conference—
www.ecac-ceac.org
European Co-ordination Centre for
Aviation Incident Reporting Systems—
http://Eccairs-www.jrc.it
European Organization for the Safety
of Air Navigation (EUROCONTROL)—
www.eurocontrol.be
Flight Safety Foundation——
www.flightsafety.org
Global Aviation Information Net-
work—www.gainweb.org
International Air Transport Associa-
tion—www.iata.org
International Civil Aviation Organiza-
tion—www.icao.org
International Federation of Air Line
Pilots Associations—www.ifalpa.org
International Transportation Safety
Association—www.itsasafety.org
Joint Airworthiness Authority (being
phased into the EASA)—www.jaa.nl
The Latin American Aeronautical
Association—www.ala-internet.com/ala2

Confidential Incident
Reporting Programs
Australia—www.atsb.gov.au/aviation/asrs
Canada—www.tsb.gc.ca/en/securitas
European Union—www.eucare.de
Korea—www.kotsa.or.kr/air_english/
kairs.htm
Taiwan—www.tacare.org.tw
United Kingdom—www.chirp.co.uk
United States—www.asrs.arc.nasa.gov ◆

V.P.’s Corner (from page 4)
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Nominating, Tom McCarthy (tomflyss@aol.com)
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Seminar, Barbara Dunn (avsafe@uniserve.com)
Technical Library, Corey O. Stephens

(corey.stephens@alpa.org)
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(jguselli@bigpond.net.au), Ladislav Mika
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Embraer Embraces Enhanced Systems Monitoring
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WHO’S WHO

(Who’s Who is a brief profile on an ISASI
corporate member to enable a more thor-
ough understanding of the organization’s
role and function.—Editor)

As an aircraft manufacturer,
Embraer is constantly seeking new
and innovative ideas that result in

added value to its aircraft. With the
recent production launch of the Embraer-
170, one of the company’s concerns was
the length of the maturity process that
affects all new aircraft models.

The entry into fleet operations of any
new airframe platform initially requires
additional information in order to ensure
expected onboard systems performance
during the initial stages of the product
lifecycle.

While it is reasonable to expect some
degree of “learning” after such a launch,
the fact remains that every hour an
aircraft is not in service represents a
potentially unrecoverable economic loss
for the operator.

Recognizing that financial pressures
sometimes influence operational decisions,
Embraer knew that any efforts to shorten
the maturity process must, by definition,
enhance flight safety without placing
additional demands on the operator.

One initiative was to monitor every
flight hour of every launch 170, for a period
of at least 100 flight hours. Technical
engineering analyses of performance data
would provide the basis for early identifica-
tion of adverse trends and corresponding
corrective actions could be developed and
implemented while the fleet density and
adverse economic impact would both be
low. This would benefit not only the initial
launch customers but also would ensure
that future customers gain the added
value afforded by increased levels of
product integrity, quality, reliability, and
flight safety.

The culmination of this effort was the
AIM-170 program in which routine
inflight recorded data collection and

subsequent engineering analyses of
onboard systems in terms of performance
and condition monitoring will help
Embraer to refine and improve the
systems performance of the 170, while
reducing unscheduled maintenance
requirements and aircraft downtime.
Fortunately the amount of digitally
recorded data available in the Embraer-
170 provides an additional means to
monitor aircraft systems condition to a
degree not previously feasible.

Proprietary AGS software will perform
the raw flight data processing and
automatic analyses based on the 170

used as a basis for specific engineering
analyses and statistical studies providing
support for the in-service difficulties
solution process.

The technical engineering analyses of
inflight recorded data provide the basis
for early identification of adverse trends
so that corresponding corrective actions
can be developed and implemented while
the fleet density and adverse economic
impact are both still relatively low.

At this time, due to the excellent
participation of Alitalia Express and LOT
Polish Airlines, Embraer obtained its first
positive analysis, which reflected a growing
mutual trust between the air safety
departments of the manufacturer and the
launch customers operating this new
aircraft. There has been a commitment to
ensure the confidentiality of all inflight
data as well as the resulting analyses.

Embraer emphasizes, however, that the
AIM-170 program is not a FOQA
program. The monitoring of crew
performance and operational exceedances
is still the responsibility of the operator.

Embraer is committed to providing
safety as a value-added feature of every
aircraft delivered. ◆

The recently launched EMB-170.

systems limits and expected performance
parameters as established by engineering
staff. Some of the main capabilities—
• performs computation for derived pa-
rameters using recorded parameters.
• three levels of exceedance limits are used
to detect abnormal events.
• internal airport and runways database.
• built-in detected events database.
• built-in statistical graphics and report
editor.

A series of 190 logic detection rules has
been designed in such a way that abnor-
mal aircraft system behavior can be
identified. The data collected can also be
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