STANDING PROGRAM EVOLUTION

MANAGING A MAJOR
TECHNICAL PROGRAM

Comparisons in Dealing with Changes

lthough It 1s not a military system,
the Space Station Freedom Pro
gram (55FP) provides some
interesting technical and man-
agement comparisons in dealing with
the changes of 2 major technical pro
gram

The space station program is a
major technical effort involving fund-
ing of approximately £2 billion wvearby.
Scheduled for completion around the
year 2000, the program |s global and
includes International partners from
lapan, Canada and the European
Space Agency. It also includes waork
with Russia. The closest comparison
o a millitary program office would be
that of a joint program office with
participation of allled forces

This article will make some com-
parisons of the Mational Asronautics
and Space Administration (MASA)
SSFP with two major military devel-
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opment activites; f.e., submarine con-
struction and the work of the Strategic
Defensive Initiative (SD1). General
compansons are made bepween the
military and MASA program life cyvcles,
Comparisons are shown in software
management in the NASA S5FP with
military software management. Life-
cviche organizational change compari-
S0M5 are made.

The configuration of Space Station
Freedom (55F) has changed many
times during its development oycle.
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Fhoto couriasy af NASA

The wersion in the photograph is a
restructured deskgn concept. Like mill
tary programs, constant pressures (o
cut costs exist. Even with major re-
simiciuring o s=ave money the space
station has peneral features still in-
cluding: a Truss for mounting station
elements: a LS. laboratory module; a
habitation module; an airlock en-
abling transfer of crew and equip-
ment between pressurized and
unpressurized arecas; major sub-
systems for providing power, thermal
contred, data handling, environment
contral and life support; Canadian
rall-mounted moblle ransporter; pres
surized and unpressurized logistics
supply elements; a lapanese exper-
ment module, and a European Space
Agency attached pressurized module
for laboratory work.

Like the military, adversarics sud-
denly can become fMends, With the
collapse of the Cold War, negotia-
thons are now underway o use the
Russian Sovuz spacecraft as a “life-
boar™ for emengency crew retum. Flans
aleo coniinue for considering further
changes that involve greater coopera-
tion with the Russian Space Station
Mir program.

Comparison with

Submarine Construction
Commander S.0. Jarrett in his Na-

val War Coliege paper, "The Applica-

tion of Submarine Experience and

Technology to the Space Environ-

ment,” pointed out that the subma-

rine force of the United States has
operated in a closed environment fior
almost 80 years, Further, he stated
that submarine patrols simulate space
travel more closely than any other
wvpe of operation,’'

Developing and constructing a sub-
marine, however, differs from devel-
oping and constructing the SSF. For
example, the 55F Environmental Con-
treel and Life Support System (ECL55)
has aimosphere control and supply,
nitrogen suppodt, pressurized element
temperature and humidity control, at-
mosphere revitalization, and fine de-
tection and repression. Deslgned 1o
be a distributed system, the equip-
ment will be assembled In space dur-
ing several shuttle flights. Figure 1
shows an example of the ECLSS dis-
mributed systems lines and other dis-
tributed system lines that need o be
conmected in space between a node
and module sent up on different ights.

In submarine development and
construction, the life-suppart systems
are desipned to be assembled at a
naval shipvard with all the comve-
niences of a permanent facility. Al-
though the ECLSS system has had
some shuttle carmpover in technobigy,
it has been deslgned as a completely
new system. By comparison, ina sub-
marine program, changes to a system
are more gradual. A new class of sub
marine might be built, for example,
with no major chanpes in the life-
support sysbem.

FIGURE 1. SSF Distributed Syslems Conneclions.
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Mlthough differences exist between
development and construction for
operations in space vs. underwsater,
Commander Jamett, in his thesis, dis-
cusses oppormunities for sharng tech-
nalogies. This type of cooperation can
benefit both the NASA and military
program managers (PMs).

Comparison with the
S5IY Program

The SDI (renamed the Ballistic
Missile Defense Organizatlon), a
major military program, has seen
mamy chanpes. Even with the curment
emphasis on ground defense systems,
the program involves on-orbit space-
craft amd 15 useful for making com-
parisans with the S5FP. Like the S5FF,
the 5D has an annual budget in bil-
lions of dollars and Involves many
povermment organizations and con-
Iraclors.

The 5D1 military mission has been
te develop a defense against nuclear
missile attack. Space-based satellites
in the defense system are used to spot
launches, track tarpets, priotize and
control kills, The weapons for kills
may be space or ground based. Al-
though astronauts may be military
and the experiments may be of use o
military research, the space station is

not a part of any weapons system,

The space station program will have
men permanently stationed In space,
On the other hand, the 5D program

does not involve permanent presence

In space to operate the system. Space
Station Freedom has a long-term mis-
skon In space of 15 years or more, The
S01 has a long-term commitment o
protect our nation's assets from mis-
sile attack, but it would not necessar-
ity have 1o have the same spacecraft
in orbit for long periods of time. Should
an 501 element have a long-term pres-
ence in space, it can leam from the
space statbon's deskgns and operating
experiences in on-orbit maintenance
Imvolving robotics and manned extra-
vehicular activities.

Both being major billion dollar pro-
grams, the space station program and
the S0 have been in the public epe
constanthy and open to public attack.
Throughout the program life avele,
eritics present other systems and ways
to spend the money, and may time
their attack to just before congres-
slonal hearings. The PM may not have
much time to respond 1o a headline in
the moming newspaper when hear-
ings begin the same or following day.
Generally, the PM must be aware of
these critics in advance in order to
best defend his program decisions.
Sometimes public debate may be mec-
essary. Program officers must make
no out-of-place remarks or those that
can be misinterpreted.

Major programs like 55F and the
S seck technical and programmatic
advice from many consultamis and
putside experts. Generally, these

people come under two categories —

FIGURE 2. Comparison of the NASA Program Cycle
with the Defense Program Cycle
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those under PM control and indepen-
dent experts chosen by others at higher
levels including the President and
Congress. Those in the first category
can be a big help in resolving prob-
lems where the existing organizational
staff is deficient in capabilities saving
time, money and improving qualicy,
Those in the second category often
require the PM to divert precious
manpower inte gathering informatlon
for the expens.

A negative report by the experts
can hurt the PW's career. [n additon,
the results of independent studies limit
the PM's decision-making flexibility.
In one case In the space station pro-
gram, the outside consultants were
not pleased with the reception their
study received by the program man-
apement. To strengthen thelr point,
the consultants released their views
to the New York Times. This forced
the program to move in the direction
desired by the consultants.

Lobbying the Congress is not an
optlon of a NASA or military PM,
even though Congress with its larger
&L staffs, tends to be moving
beyond establishing policy and fund-
ing legislative work to directing pro-
gram office actlons. Program contrac-
tors can lobby the Congress. For
example, a contractor might place an
advertisement strategically In the
Washington Post just before a con-
pressional hearing. Even umions can
help the PM promote his program. In
both cases, however, the PM has no
control owver what they say or their
priorities. The PM's best defense for
his program is a good presentation at
the congressional hearings and to be
trusted.

Comparison of Program
Life-Cycle Phases

The military program life cvele and
the NASA life cycle have different
terms and groupings for the program
phases as shown in Figure 2. The
military groups the program life cycle
inte: the Pre-Milestone O Activities,
Concept Exploration and Definition,
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Demonstration and Validatlon, Engi-
neering and Manufacturing Develop-
ment, Production and Deployment,
Operations and Support and, finalky,
Disposal. The phases apply o all types
of weapon systems from helicopters
to ships, tanks and satellibes.

The NASA program life cycle Is
geared ultimatehy to launching some-
thimg Into space and retrieving infor-
mation from the space activitles. The
MASA program phases are termed:
Phase A, Mission Meeds and Concep-
tual Studies: Phase B, Concept Dedi-
nition and Preliminary Design; Phase
. Design and Development, leading
to Critical Design Review; Phase D,
Fabrication, Integration, Test and
Certification; Phase E, Pre-Opera-
tons, Including deployment and per-
formance validation; Phase F, Opera-
tions and Disposal, including
sustaining engineering and phase
out. The program is currently in Phase
C with partial work belng dome In
Phase D

In both NASA and the military
program cycles, change fMexibility be-
comes mare confining as the program
cvile progresses, because decisions
made continually reduce options and
alternatives. This is true particularly
as hardware production begins and
software is in advanced testing. Like
the military, NASA must respond Lo
threats and opportunities as the life
cycle unfolds. Military programs usu-
ally are Impacted by changing threats
from external military powers. The
MASA threats tend o be related o
thimgs like funding indecision. For
example, if a heawy lift wehicle is not
funded for 55FF use, more shuttle
flights will be needed Lo get the total
number of pavioads into space. Soft-
ware phases differ somewhat from the
phases just described, as the follow-
Ing sectlon will explain.

Software Management
Comparisons

The System Software Development
Standard (DoD-5TD-2167A) applies
directly to miliary software develop-

Progrom  Manoger

ment. In MASA, DoD-STD-2167A pro-
vides supporting and background in-
formation but is not a requirements
document. The NASA Software Man-
agement and Assurance Program
[SMAP), out of the Office of Safety,
Heliability, Maintainability and Qual-
iy Assurance, has created standards
documentation called the “Informa-
thon System Life-Cyele and Documen-
tation Standards.” The 55FP has used
these standards including many of
the MASA Data [tem Descriptions in
irs management panning and require-
ments development.

A distinction between military and
NASA management in software and
hardware development is that In
MASA consensus of management is a
more dominant influence than fol-
lowing a strict set of regulations. The
military rotating assignments create a
greater need for following formal
directives and standards. In NASA,
emplovees remaln for lomg time
periods and have considerable influ-
ence in mew- decision mak-
ing. In the case of the S5FP, experi-
ences of shuitle program personnel
have had a strong impact on S5FF
software reguirements and manage-
ment practices.

One example of the influences of
previous experiences is the SSFP
Flight Svstems Software Requirements
(F55Hs). Unlike DoD-STD-2167A,
which sets requirements by individual
Computer Software Configuration
Items (CSCIs), the F55Rs ser require-
ments by systems which may have
several C5Cls. What s gained by a
systems ive, however, is off-
set by the greater difficulty in judging
the maturity of requiremenis com-
pared o evaluating Individual CSCls.

Many of the contractors that waork
software development for the S5FP
have expericnce based on military
software systems. They tend to follow
the military standards like DoD-STD-
2167A whenever they can, thereby
providing another source of influence
on MASA procedures.

19

Working Avionics Problems
The SS5FP soiftware development
management, software engineering
and software test and evaluatlon pe-
sponsibllitles fall under the same
groups that work avionics problems.
For example, the largest software ef-
fort In SSFP is the Data Management
System (DMS) which is organization-
ally placed under Avionics Systems,
Before restructuring to reduce costs,
the DMS, including applications soft-
ware, had more than one million lines
of code required to integrate, test,
verify and maintain the system. The
OMS uses 1,553 data bus architec-
ture. For example, the system con-
trods sensors and effectors in polnting
an antenna, through the use of Multi-
plexer Demultiplexers (MDMs).

Organlzatlonally, SSFP Avionics
incledes the DMS, Communicathons
and Tracking Systemn (C&T) and Guid-
ance, Mavigation and Control
(GMEC). Other systems such as the
Electrical Power Svstem (EPS), and
the Environment Control Life Sup-
port System (ECLSS), for example,
are not In Avionics Sysicms but ne-
quire software controls. These sys-
tems rely on the software community
for software engineering and testing
support. Because they are in different
omgankzations, more integration is ne-
quired than whene the system (s di-
rectly in avionics.

Software Configuration Manage-
ment (CM) In the S5FP does not fol-
low DoD-STD-2167A. Requirements
for CM are patterned after the space
shuttle program. Software change
control and hardware change conirol
follow traditional CM procedures of
establishing configuration identifica-
tion, confipuration control. status ac-
counting and wveriflcation.

Baszelime distinctions like func-
tienal, allocated and product are not
followed riporously. The main Soft-
ware Change Control Board for the
SSFP has been located physically at
the NASA center having the most soft-
ware expertise. This board has had
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FIGURE 3. Software/Hardware Development®
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baselining authority. However, if a
software |ssue s sufficlently contro-
versial, particularly in terms of cost
Impacts, the Change Request will be
browught up to the Space Station Con-
trol Board — the main board for all
changes.

Reguirements for softwane quality
assurance penerally include the es-
sentials of DoD-STD-2167A, although
some differences exist. For cxample,
in the software product assurance
evaluation of nondevelopmental soft-
ware (MDS), the military and SSFP
both want evidence that the NDS
works, that it is under configuration
management, and that data rights are
conskstent with the contract. The DoD-
STD-2167M goes further, requiring
government approval to use MDS;
otherwise, their documentation re-
quirements apply.

Figure 3 shows an example af sys-
tem development reviews for softwares
hardware development in the mili-
tary. The diagram is from DoD-STD-

Pragram Manager

2167A with the addition of a systems
engineering timeline.” The MASA and
military sofware and hardwane are
developed in parallel. The diagram
shows military hardware and soft-
ware being integrated at major mile-
stopes such as Preliminary Design
Review (PDR) and Critical Deslgn
Review (CDR).

In the SSFP case, the software
major reviews are staggered later than
the hardware major reviews. This al-
lows the software developers o see
the hardware detail before they final-
ize their codes. This makes sense in
terms of system safety. Software alone
i= not safe or unsafe. However, if there
dre some wrong assumpiions made in
writing the codes about the opera-
tlons of the hardware, safety could be
affected.

In the SSF Man Tended Capability
CDR, for example, software people
were well represented and they made
slatus presentations. The solftware,
however, was not baselined at that

20

time. Thus, the software people were
able to evaluate carefully the harnd-
ware with which they would be work-
ing before they basclined the soft-
ware. Eventually, hardware and
software must be tested together in
both MASA and military systems, simi-
lar to the right side of the diagram.

Life-Cycle Organizational
Change Comparisons

In the military and in NASA major
programs, the expectation is that or-
ganizational changes will occur as
the program shifts to new phases.
Organization changes, can help cre-
ate, In a better way, products ex-
pected from the succeeding phases.

The SS5FP organizational history
goes back to the early 1980s. In the
conceptual stage (Phase A) the orga-
nization began as a small task force,
which funded studies on anributes,
architecrural options and interna-
tiomal participation. Similar o the
military, a working group was estab-
fished t set missfon requirernens. 0
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the mid-1980s, the Presldent Iniro-
duced the space station program o
the mation including the intent for
international participation.

Phase B began with an organiza-
tional pattern that differs from a DoD
approach. Definition studies were di-
rected not by a central organization
but by four NASA centers. Results af
the work of eight definition contrac-
nors were worked into Requests for
Proposals (RFPs) which were issued
and controlled by the four MASA cen-
ters. In Phase B, NASA Headquar-
ters, working with the State Depan-
ment, established Memoranda of
Understanding with Canada, lapan

and the European Space Agency.

Phase C organization was influ-
enced by the Challenger accident. A
post-Challenger investigation necom-
mended that better contral could be
achieved by having the program of-
fice mear NASA Headquarters in
Washington, D.C. Thus, a formal pro-
gram office structure was established
as shown in Figure 4. A three-tier
program office included Level 1 and
Level 11 offices located in the Wash-
ington, D.C., area and Level III Of-
fices located at the MASA centers.

The organization was made large
in order to provide the design detall
needed for COR. Overall, 2,300 civil
sepvants warked directly or matrised
to the program. These Included 292
NASA contractors and 117 interna-
tional partner contractors. The prime
contractors still reported o the MASA
centers through the Level 111 organl-
zations. Figure 5 shows only three
prime contractors, since early in Phase
C Work Package 11T was abolished.

The Level [ organization, a small
office, worked overall policles with
MASA Headguarters, coordinated
with the Congress, and provided over-
all program direction. The Level Il
organization had approdimately 250
civil servants supported by an inte-
grating contractor with approcdmately
850 people. Top-level baseline re-
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quirements control was worked by
Level 11 Organizational elements in-
cluded: program engineering, uiiliza-
tion and operations, management in-
tegration, international programs,
Integration, safety and product assur-
ance and program control. The inter-
national partners had thelr main inte-
gration offices located at Level [1.

Early in Phase C, top NASA man-
agement began looking ahead to the
organization needed lor succeeding
phases. Development and fabrication
contracts eventually were scheduled
to be tapered off and replaced by
contracts for operation and utiliza-
tion of the space station, and a new
organization would be needed. The
new activities were expected to be
NASA center orented imvolving pay-
load planning, logistics, launch op-
erations and station operations.

The feeling was that a large Wash-
ington-based program office was not
needed for these activities. A smaller
office located on one of the centers,
with people focused more on uiiliza-
tion and operations, was anticipated.
The situation might be somewhat
analogous to the Air Force approach
in the past to moving a program from
a development command to a logis-
tics command, When and where was
not established.

The NASA, like the military, is sub-
ject to budget pressunes, administra-
tion changes, reactions to cost ower-
runs, and world politics, These factors
made the S5F a target of technical
and organization change before Phase
C was completed. The uprooting in-
cluded technical and management
changes. Technically, some parts of
the program; ie. structure and mass
properties analysis, had to revert back
to an earlier stage in the development
phase. In some cases, crossing back
into the conceptual phase might be
necessany.

For the most part, the change phi-
losophy is to use existing technology
as much as possible. This Includes
not only the SSF technology but also
the existing DoD technology. and
Russian Space Station Mir. For ex-
ample, propulsion, navigation guid-
ance, and control for the restructured
space station might come from a sat-
ellite bus built for a Dol program or
may come from the Russian “space
tug” Salyut FGE.

Compared with the old Phase C
organization in Figure 5, the proposed
restructured organization does not
have Levels 1, 11 and 111, These offices
merge Into a single program office
located at the Johnson Space Center
which becomes the lead center. Ome

FIGURE 4. SSFP Phase C Organization Prior to .

Restructuring.




of the original three prime contractors
is now the prime integrating contrac-
tor. This contractor is responsible for
making design changes: finishing up
the CDRs; managing Phase D invalv-
Ing fabrication, integration, test and
certification; and assisting in the
preparations for Phases E and F. The
new MASA organization emphasizes
preoperations actlvitles such as
l[aunches, stage assemblies, |ogistics,
science and on-orbit operations.

The difference between the mili-
tary and NASA at this point is that, in
the military, the recelving organiza-
tion might have the right to refuse
transition of a development program.
In this case, the new receiving organi-
zation takes on an incomplete design
packape with the intent of streamlin-
ing the entire activity.

The streamlining effort is seeking
greater management efficiencies. The
PM, for example, will have greater
budpet authority and control over
contracts by managing out of one
program office. His key managers will
report to him and not to the center
directors as in the past. The new man-
dgement  approach  includes
multidisciplinary integrated product
teams, which have been used suc-
cessfully in the military. The idea is o
bring together players responsible for
a given product or area. For example,
desipn engineering, manufacturing,
operations, safety, science and wtili-
zation would be on a team that has
budget, schedule and technical anea
of responsibility. The teams will
include MNASA and contractor
personnel.

The new program office is expectesd
to have a core of 300 NASA personnel
and be suppored by approximately
700 matrixed personnel.

Summary

The SSFP is a major national tech-
nical program that provides some in-
teresting technical and management
comparsons with major militany sys-
tems. For instance. the submarine
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has technical similarities in environ-
mental controd for long duration mis-
sions that have benefitted the SSFP in
information exchanpes. The manage-
ment of a submarine program differs
from a space station program. Sub-
marines are developed and built by
modifying previous designs. Construc-
tion is done in a shipyard on earth,
whereas 55F is a completely new de-
sign assembled In space with pieces
arriving over a period of several
launches.

The SD1 has some interesting tech-
nical exchange opportunities in the
areas of maintenance in space using
robotics and manned extravehicular
activities. Some striking similarities
exist between the SD1 and S5FP in

managing a major program with a
large bucget.

The PM 15 In a public scrutiny
*fishbowl,” and under pressuns from
groups wanting i take the money
away or receive a bigger piece of the
program. The PM must engage in
public debate with caution and with-
out lobbying. He must be able to
utilize consultants and outside ex-
perts effectively, and recognize the
difference between those who will be
on his side and those who might harm
him or his program. He must recog-
nize and deal effectively with those
who have special interests and those
whose political strength miay be greater
than their capahilities to carmy out the
program. Fimally, he must provide
Congress and the President with clear
status information and be trusmwarthny.

The program life-cycle phases of
MASA and the military closely re-
semble one another. The NASA life
cycle 1= railored ultmately o launch-
ing something into space, whereas
the military life oycle 1= peared to a
variety of weapon systems and
products.

Im S5FP software development,
DoD-STD-2167A provides support-
img and background information but
program requirements are based on

22

MNASA experience. The NASA and the
military develop hardware and sofi-
ware in parallel, but 55FF staggers its
software reviews after the hardware
reviews,

Organizational chanpes are a nec-
essary part to keep a program in trim
and to effectively meet new problems
that emenge In the changing program
phases. The space station organiza-
tion in the Conceptual Studies Phase
(A, like in the military, was small.

[n the Definition Phase (B), the
space station organization became
larger but, unlike the military, it was
decentralized with different MNASA
centers directing the definition con-
tracts.

In the Development Phase (T, like
the military, a much larger organlza-
tion had to be established to meet the
design detall that ultimately had to be
produced before being manufactured.
Unlike the military, a decentralized
pattern of organization continued with
a three-tler program management
structure put into place.

The S5FT" is being restructured with
a new program management organi-
zatlon that s more centralized and
has product team concepts used by
the military.

The S5FP has a new name, Inter-
national Space Station Alpha, and a
new configuration. The comparisons
made herein, however, are wuseful
since, by understanding how major
programs change and evolve. better
programs <an be built in the future.
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