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ABSTRACT

Terns |ike efficiency, quick response, and
I nteroperability are becom ng the bywords of the test and
eval uation (T&E) community as the Defense Depart nment
tightens its corporate belt [1]. These changes mark the end
of an era of manual processes and duplication of effort and
t he begi nning of an era of cooperation, standards, and Tot al
Qual ity Managenent (TQWM). Managi ng the huge vol une of
telemetry information required to support flight test at the
Air Force Flight Test Center (AFFTC) has required new
paradi gns and system devel opnent strategi es. These new i deas
have resulted in the Aircraft Information Managenent System
(Al MS), a system designed to neet the chall enges of a new
era in T&E.

Thi s paper discusses the AlMS design and function as
background for the deeper issue of effective, efficient
managenent of telenetry setup information. The information
hi story nodel used in AIMS is presented and di scussed. In
the process of devel oping standards for the AIMS a
nmet hodol ogy was di scovered and successfully inplenented for
resol ving informati on nmanagenent issues in the framework of
syst em devel opnent .
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WHAT WAS THE PROBLEM TO BE SCOLVED?

The AIMS was created for two primary reasons. The first
goal was to help m ssion support personnel at the AFFTC
handl e the growing nountain of telenetry data required by
the flight test progranms of a new generation of aircraft
nore effectively and efficiently. The second goal was to
shorten the tinme required to set up various systens to
support a flight test. In the beginning, the problens to be
sol ved by Al MS automati on seened to be clear: |engthy
response tinme, human input errors and duplication of effort.
However, as we conplete the second year of experience with
AlM5, we realize that the task of working smarter, faster,
and cheaper requires a nore conplete analysis of the
processes involved in the way we do busi ness.

The inplenmentation of AIMS brought i medi ate help for
the sinpler issues, and enabled us to focus on the deeper
concerns. W found that our old nethods of dealing with
calibration updates suffered fromnultiple, nonstandard,
short term solutions, often insupportable in the |long run.
Each flight test project had uni que processes and paper
trails, creating duplication of effort. Oten there was a
| oss of control of the vast volunes of data noving between
t he various organi zations, and the lines of responsibility
were frequently fuzzy or undefi ned.

VWHAT DCES THI S PAPER COVER?

Previ ous papers have di scussed the way in which Al M5
has reduced cost and turnaround tinme through automation [2,
3]. In this paper we explain how the enphasis on standards
in the i nplenentation of AIMS has inproved the managenent of
the entire telenetry setup process. The payoffs have
i ncl uded i nproved efficiency, reduced turnaround tine, and
I ncreased interoperability of people and processes as well
as of software and hardware. W will discuss how the | essons
| earned fromtwo pilot projects supported by AIMS are
gui di ng our on-goi ng devel opnent efforts. A glossary of
current term nol ogy appears at the end of this paper.

VWHAT | S Al M5?

AlMS may be sinply described as a programthat nanages
a three dinensional data base of calibration and telenetry
information via a standard, readable file format [4].
However, AIMS is nore than just a piece of software, it is a



way of doing business. The Al MS software design is based on
fundanental principles of software engi neering. These
fundanental s have propagated into rel ated working nethods,

I ncl udi ng automatic interchange of information by predefined
standard formats, historical traceability of changes, and

st andardi zed procedures to ensure consi stency between
systens.

The information presently stored in an AIMSfile, (as
the data base itself is nanmed) consists of a nunber of
paraneter nanes and their associated attributes [4].

Par anet er nanes general ly represent neasurenent data being
telemetered fromthe aircraft. The attributes are the key
val ues needed to describe each neasurand in enough detail to
| et ground systens successfully translate the raw data
streaminto neani ngful information. The process of breaking
the telenetry streaminto raw data for each neasurand is
call ed decommutation. The foll ow on process of converting
the raw data into the engineering units initially neasured
is called calibration. The AIMSfile serves as a central
source of decomrutation and calibration information for both
real -tinme and postflight systens, and retains a full

hi storical record of all changes.

One of the key features of the AIMS design is the
keystream a standard, readable format for input and out put
of data and for maintaining a historical record. The
keystreamis characterized by its flexible nature, in which
each paraneter nanme is described by a set of keywords and
associ ated values (Figure 1). The things that need to be
descri bed about a paraneter wll vary with the source of the
data and wth the kind of systens that are expected to
process the data |ater, so the nunber and ki nd of
keywor d/ val ue pairs per paraneter are conpletely flexible.
Any data that can be described can have that description
stored in an AIMSfile. The sane AIMSfile that holds detailed
deconmmut ati on and calibration data can al so hol d gl oba
I nformati on about the project, such as the tail nunber of
the aircraft and the last date and tinme informtion was
added to the file itself [4].

A major requirenent the AIMS design had to satisfy was
to provide both an audit trail for changes and a way to
“roll back the clock” to provide accurate recreation of
earlier states of the aircraft. Reprocessing of data from
previous flight tests requires recalling the correct
deconmut ation and calibration information froma date in the
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past. Moreover, this had to be acconplished w thout
overwhel m ng conputer systemresources. To do this, the
desi gners worked froman information history managenent
nodel .

Every piece of data stored is associated with an
“effective test nunber” keyed to a particular state of the
aircraft. This test nunber is also related to the flight
nunber in the test program As information for a specific
test nunber cones in frominstrunentati on engi neers and
ot her sources, the Al MS program conpares the incon ng data
to the data for the previous test and stores only the
changes under the new nunber. Each change is docunented in a
report that is automatically generated by Al M5 during data
updates. This report provides an audit trail for
configuration control of the AIMSfile. By maintaining the
I nformation history as an initial state of the decommutation
and calibration information and all changes i ndexed by test
nunbers, AIMS allows the user to extract any previous state
of the information desired [4].

Once the function for retaining historical test
i nformation was in place, it still took considerable
experinentation to evolve a standard process to handl e
deconmut ati on and cal i bration changes. The information
needed to update the AIMSfile is received by the R dl ey
M ssion Control Center via electronic nedia - on a tape,
di skette or as a file sent over the base network. The format
of the data has been negotiated with the provider, and the
agreenent formalized in an Interface Control Docunent. The
data may arrive all at once, or nay cone in severa
install ments from several sources. The data are converted to
a keystream (if not already in keystreamformat) and a tri al
update is perfornmed, generating a change report that details
both the old and the new pieces of information affected.

This change report is in the readabl e keystream f or mat
and is imedi ately nade avail able on-line for verification
by the people who provided the data. When verification is
received, the true update is conpleted, and the new
information is immediately distributed to the various
systens that will need to be set up for the next flight test
m ssion. This verification perforned before the AIMSfile is
changed guarantees that all the downstream systens get the
sanme correct information.



At the sane tinme the true update is made, other reports
are generated and put on-line, including a status and
tracking bulletin, the full current keystream and the
change report. This gives all the nultiple organizations
that nust coordinate to nake a flight test m ssion
successful a common and current source of information. This
information is on-line, accessible to renote | ocations by
networ k or nodem access to the central scientific conputer.

Wrk is currently under way to extend the AIMS to new
flight test projects and to new donmai ns of know edge. The
exi sting process and keystream are fl exi ble enough to work
effectively wwth all currently forecasted requi renents. The
Sof tware Engi neering Section of the 6521st Range Squadron is
coordi nati ng the work.

THE STRUGGLE FOR STANDARDS

The handling of aircraft instrunentation information
for a nodern flight test programis a conplex coordination
task. The aircraft instrunmentation can be a unique, airfranme
contractor system an AFFTC provided system or a hybrid,
whi ch uses conponents from contractor and AFFTC systens.
Each Conbi ned Test Force (CTF, the basic testing unit at the
AFFTC) has data nmanagers to coordi nate the delivery of
I nstrunment ati on changes and data product requests, and to
collect and distribute data products as they are produced.
FIlight test engineers (FTEs), the end users of this data
col l ection and processi ng machi ne, specify what is to be
telenmetered in real-tinme, what is to be recorded for post-
flight processing, and how neasurenents are conbined into
plots, listings, and data files. Instrunentation engi neers
are the interface between the FTEs and the instrunentation
system programm ng telenetry streans to neet the FTE' s
requests for neasurenents. Separate systens and staffs
support real-tinme and post-flight data processing
activities. Just tracing where data goes and who does what
in this process is difficult. The process by which
i nformati on and data fl ows through the data production
machi ne can be unique to each project adding to the
confusion created by many players and unique test article
i nstrumentati on systens.

This unrestricted approach to collecting and processing
flight test data has worked when unlimted resources were
avai l able to custom ze the process to each progranis
requi renents. But, today in the world of finite, even scarce



resources, standard processes and procedures are required.
One of the first problens tackled by the AIMS team was the
establishnment of a standard way of doi ng busi ness by
creating standard software and supporting policy
concurrently.

The AIMS keyword stream (keystream illustrates this
concept. The keystream evol ved by observing the type of
i nformati on communi cated between the players in the test
setup process. it began as a structure with general
I nformati on about a telenetry stream at the hi ghest |evel,
the different neasurands at the second |level, and the
attri butes of those neasurands at the |owest level. This
three-level hierarchy was well suited for Pul se Code
Modul ati on (PCM telenetry streanms, no nmatter whose
I nstrunentati on system produced them The keystream al so
provi ded the capability to add or subtract paraneter
attributes as required, nmaking it flexible enough to handle
the requirenents of nmany projects.

In addition, the keystream provi ded an easy way to
I ncorporate the informati on managenent nodel into the
AlMSfile. As a keystreamis processed, each paraneter’s
attributes are conpared to the previous state of those
attri butes. Changes are candidates for new entries in the
Al MSfile once they are vali dat ed.

These two features, an appropriate hierarchical
structure with sufficient flexibility and a way to retain
hi storical information using m ninml storage, nmade the
keystream structure the start of the AFFTC standard for
tel emetry decommutati on and calibration information
processi ng. For the keystream standard to succeed, it had to
be supported by a standard process for updating
I nstrunmentati on system changes. These processes had to
I ncor porate concepts of maintainability and interoperability
bet ween projects. Another goal was to avoid the need for
gurus and custom zed, one-of-a-kind processes. The Al M5
desi gn phil osophy dictated that the standard be based on
aut omat ed processing concepts that mnimzed human
i ntervention. The design had to utilize current networking
capabilities. Considering these goals, the AIMS teamw th
CTF data nmanagers and test support technical staffs began
I nventing and using a standard instrunentati on system change
process.



Wth a standard structure, the next |evel of
standardi zation for the AlMS keystream was at the neasurand
attribute level. Attributes are described in keyword = val ue
statenents, where the keywords describe the neaning of the
val ues that follow The keywords convey the semantics while
the values communicate the data to be used. Sets of keywords
can be used to distinguish different types of paraneters.
For exanpl e, the keywords NCCEF and CCEFS describe a
pol ynom al calibration (of order NCOEF - 1) while NX
TABLE COUNTS, and TABLE PQ describe a table | ookup
calibration. The presence (or absence)of certain keywords
I ndi cates differences in calibration processes. In effect,
t he choice of keywords incorporates the instrunentation
engi neer’ s expert know edge of how the neasurand is
processed into engi neering units.

A current effort is in progress to standardi ze the
keywords (and their definitions) to inprove interoperability
of software and personnel across projects. Al though several
energing inter-service and i ndustry standards have been
proposed, none fully satisfied our needs. The proposed Range
Commander’s Council|l standard [5] uses cryptic keywords which
viol ate our human readability requirenent for a keystream
The current Loral standard [6] cones closest to the AFFTC
keystream differing in the volunme of information described
(Loral’s contains nore informati on we consider static for
the life of the project).

Once keywords are standardi zed, projects should be able
to reuse each other’'s AIMS software. In spite of differences
I n instrunentation systens and personnel, the project’s
keystream shoul d be the universal |anguage that allows the
use of common software. OF even greater benefit is that a
person (instrunentation engineer, FTE, or test support
staff) who understands the standard keywords adapts easily
to other projects. Further, others involved in the project’s
data collection and processing can read a keystream and
under stand how the data was processed too.

The future of this keystreamw th standard keywords
| ooks bright, provided that the oversight commttee gives
appropriate weight to the principles behind the standard
before extending it to include new keywords. Adaptation of
keystreans with standard keywords will maxim ze reuse of
Al MS software and m ni m ze cross project maintenance effort.
It wwll formthe foundation for the addition of intelligent
error checking of data stored in an AIMSfile. Bridges to



ot her systens, |like the evolving Test |Instrunentation
Managenment System (TIMS), wll be sinpler to build due to
t hi s standard.

DI STRI BUTED ORGANI ZATI ONAL RESPONSI BI LI TI ES

Fuzzy and undefined lines of responsibility have been
clarified by AlMS devel opnent and operations. For exanpl e,
the manual instrunentation calibration change process
blurred the responsibilities between instrunentation
engi neers and test support systemstaffers. Although the
I nstrunentati on engi neers nade (or were responsible for
maki ng) the calibration change, their responsibility ended
with conpletion of a calibration change sheet. They were
provi ded a copy of whatever system specific file format the
staffers produced fromthe calibration sheet, but these
files varied greatly fromsystemto system so that
val i dati on of changes by instrunentation experts required
I nsi de knowl edge of support system specific file formats.

Li kew se, staffers had little or no know edge about which
cal i brati on changes nmade sense; they | acked the inside

know edge about instrunentation systens. This |ack of
ownership of the vital function of change validation caused
many reprocessing runs due to inproper setup of support
systens. No one had responsibility for the whol e process
frominstrunentation system change through updating the test
support systens. A whole breed of anal yst was created to
determ ne whether an instrunmentation change resulting in

I ncorrect test data was due to an error in recording the
change by the instrunentation engi neers, or due to an error
in translating the change into support systemsetup files by
t he support staffers.

Wth a common | anguage, the AIMS keystream the |ines
of responsibility were clarified. Since the keystream
enbodi ed | anguage conmon to instrunentation engi neers and
support systemstaffers, it becane clear that the engineers
were responsible for the validity of the changes, i.e. the
val ues changed in specific keywords representing the
recalibration of the instrunentation system The staffer’s
| abori ous task of translating these changes into support
system specific files was incorporated into the automation
that AIMS brought to the process. Wth the renoval of human
error, ownership of the calibration change process was
clearly established with the instrunentati on engi neers. They
| earned (a process taking a few m nutes) how to validate
their changes by reading the changes AIMS reported during a



trial update and accepted that AIMS would faithfully
propagate their changes anong the various support systens.

Wth the ownership of the calibration change process
firmy established, support staffers becane nore fl exible.
| nstead of becom ng experts in one support system specific
file format, they coul d becone generalists, supporting al
systens through AIMS. Wth the translating task automated by
AlMS, they were free to concentrate on other support tasks.
This automated translation increased their productivity two
ways. Automation renoved errors fromthe translation process
t hereby reducing data reruns. Further, it elimnated the
ti me-consum ng task of translating changes into system
specific formats.

The devel opnent and operation of the AIMS had a
positive inpact on interorganizational conmunications. By
clarifying lines of responsibility, organizations involved
with the calibration change process becane |ess oriented to
fixing blame for m stakes and nore open and communi cati ve.
Wth clear lines of responsibility canme clearer
conmuni cati on because organi zations had I ess to hide from
each other. Also, since process ownership was wel |l defined,
process goals energed fromthe previous confusion. These
goals often required interorgani zati onal cooperation where
one process ended and anot her began. Communi cati on becane
critical at these process interfaces and organi zati ons
qui ckly devel oped skills to inprove their interactions.

This clarification of roles and responsibility is
paving the way toward a nore open, interoperable,
di stributed environnent. Distributed conmputing is the
paradi gm of the future. Current AlIMS operations are
distributed in the sense that decommutati on and calibration
changes are entered into one system perhaps a mle or
several mles away, and stored and distributed to test
support systens at another |ocation. The interface between
these two systens is currently a file transfer via nine
track magnetic tape, but when |ocal network |inks are

conplete, network file transfers wll be possible. The use
of protocols like network file system (NFS), where two
conputer systens share the sane di sk storage space, will not

be far behind. Plans for future generations of AIM include
exploring the potential of distributed, object oriented data
base technol ogy.



Clarifying responsibilities and establishing ownership
of conpl ex processes was difficult. In many cases process
definitions and boundaries had never been explored. Things
were done a specific way because that was how t hey had
al ways been done. In sone instances it was even hard to tell
if all players in a particularly poorly defined process had
been consulted about their role or about changing their
role. Several operational working groups were established,
usual |y one per project converted to the use of AIMS. These
groups wor ked out how the new way of doing busi ness woul d
affect the various players in the current process.
Surprisingly, after only two projects, a standard, automated
process using AIMS is energing. It appears that the chaos
I nherent in the previous way business was conducted was a
consequence of that process and its convol uted, project
specific nature. The underlying process of updating support
systens with instrunentation system changes appears to be
generic across projects. This only becane visible when the
devel opnent and operation of AIMS forced the people involved
to take a new | ook at what they do, how they do it, and why.

CONCLUSI ONS

The enphasis on standards in the inplenentation and
operation of AIMS has inproved the managenent of the entire
I nstrunment ati on change process. By devel oping a standard
| anguage, the Al MS keystream that both instrunmentation
engi neers and test support system staffers could understand
and use, clear lines of process ownership energed and
t edi ous, error prone, manual processes were replaced with
automatic, validated, efficient ones. Beginning a process
automation project by devel oping a standard, comon, domain
speci fic | anguage is an unconventional approach, however,
the potential payoffs for inproved managenent of the process
under study are enornous. The AIMS team expected to speed up
cal i brati on change updates to test support systens, which
t hey achi eved, but far beyond those initial expected
benefits were clarification of process ownership, increased
I nt erorgani zati onal comruni cation, and a renewed attitude of
cooper ati on.

The AIMS has achieved its original goal of
I nt er oper abl e software between AFFTC projects, but nore
I nportantly, AIMS working groups have facilitated
I nteroperability of personnel between projects and support
systens. By renoving a tedious, error prone subprocess,
personnel were released fromthe burden of project and



system specific operations and had the opportunity to see
the commonal ity between projects. By exposing the comon
ground, the AIMS has led to nore efficient workers, saving
time and noney in the process.

In the new era of test and eval uation, where
i nteroperability, efficiency, and effectiveness are
requi renents, the AIMS project represents a new paradi gmfor
success. By careful application of standards at critical
I nterfaces and by enpowering workers to inprove processes
and i nterorgani zati onal cooperation and conmuni cati on, Al M
succeeded in redefining and greatly inproving a m ssion
critical process at the AFFTC. The net hodol ogi es used by the
AlMS team are portable to other projects. The | essons
| earned by the AIMS team represent one path to achieving
goal s of the new era.
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GLOSSARY

AFFTC - Air Force Flight Test Center at Edwards Air
Force Base, California.

Al M5 - Aircraft Information Managenent System Al M
mai ntai ns calibration, deconmutation and ot her
data retrievable by data format, paraneter
nanmes and effective test. Input and output are
done in a standard file called a keystream

AlMStile - A collection of information stored in a binary
file in AIMS fornat.

ASCl | - Aneri can Standard Code for Information
I nterchange. Data represented in this format is
said to be “readable” and can be nani pul at ed
wWth a text editor.

Calibration - The translation process in which a raw
measurenent fromthe aircraft is turned into
a neani ngful data val ue.

CTF - Conbi ned Test Force.

Decommut ate - The process by which the incomng telenetry
data are broken into tag/data pairs. The
initial decoding of the signal.

For mat - A particul ar arrangenent of neasurands in a PCM
data stream commonly referred to as the PCM
matri x. A project nay use nultiple formats,
which may differ in either the arrangenent of
the matrix or in the paraneters wthin the
matri x, or both.

FTE - Fl i ght Test Engi neer.

Keystream - Readable (ASCII) format output used by Al MS and
by prograns that interface with AIMS. Contains
data organi zed by paraneters, with keyword/ data
val ue pairs describing the attributes of each
par anet er .



Keyword -

Measur and -

Par anet er -

PCM -

PCM Matrix -

A nane that describes a particular attribute of
a paraneter. In a keystream the portion of a
keyword/ data pair to the left of the equals

si gn.

A nuneric or discrete paraneter indicating a
val ue being neasured by an instrunent in an
aircraft. An entry in a PCM matri X.

In telenmetry, one item of neasured data being
sent in the telenetry stream a neasurand. In
Al MS, a collection of information about a
particular item in which the itemis usually a
paraneter in the telenetry sense. In general, a
col l ection of information about a neasurand or
about a data val ue derived from neasurands at
the sane | ogical |evel.

Pul se Code Modul ation telenetry. This may
represent one of the mmjor schenes by which
telenetry data are organi zed, or nmay refer to
an incomng streamof data in that fornmat.

A two-di nensional matrix used to visualize
the PCM stream or format. The rows constitute
PCM subfranes; the colums represent word

| ocations within each subframe.



