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Executive summary

As other fields of industry, space activities are facing the challenge of Knowledge Management and the
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general guidelines. This communication presents the draft position paper of this group, in view to be discussed

during the 2003 IAF Congress.

After a general introduction on Knowledge Management and its difficulties, we focussed at first on the benefits
of such an approach in space activities. Then, guidelines and recommendations are expressed on what we
consider the 4 cornerstones for an efficient Knowledge Management system : data base, procedure, tools and
organisation. Finally, the return on investing of such a system is also addressed.
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Introduction

Two million years ago, the homo habilis changed the destiny of mankind in getting new techniques for making
his life safer and easier and, as important, in succeeding in transferring this knowledge to his lineage.

Four thousands years ago, Egyptians demonstrated outstanding management capabilities in building one of the
most important monuments ever achieved by humans, pyramids. However, their construction techniques remain
today a mystery, demonstrating that their knowledge is lost.

These two examples perfectly highlight the importance of knowledge management in human activities.

With the evolution of our society (such as the fast turn over of people) as well as the evolution of the industrial
work (explosion of the information volume, new information tools, new organization schemes...), the risk of
loss of critical information increases. As a result, negative consequences on the technical risks and on the « know
how » of the companies are also increasing, without addressing the risk to “reinvent the wheel”, This concern is
now sufficiently widely shared for creating a new branch in research and software development : new
organization approaches and commercial tools already exist for enhancing the way the information is collected,
stored, maintained, enriched and made easy to extract and to be used later on. Furthermore, the number of
companies having in process or already in place such system is rapidly increasing (see figure 1 — source : Lazard

Fréres & Co bank).

To address specifically this problem with respect to space activities, the International Academy of Astronautics
decided in 2002 to settle a study group in view to issue guidelines. Indeed, with increasing cooperation and

industry concentration, it appeared wise and effective to implement such a common approach.

Figure 1 : Percentage of the Fortune 5000 companies having a
KM system in project or in place
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1. Generalities on Knowledge Management

Knowledge, intuitively speaking, is a “cognitive resource” that someone needs for satisfying a goal, achieving a
task, behaving appropriately in a given context, interpreting signals and messages in a “right” way. It is called
also “intelligence” or “strategy” for acting, deciding, judging,...”[1]. Another point of view is to consider
knowledge as the raw material for human brain to produce expertise, as raw materials are for machines to make
goods. However, the difference between knowledge and information is subtle and not easy to formalise. It differs
from data, which is a series of observations, measurements or facts and from information, which is data
organised into patterns that have meaning. Knowledge is at times a bridge between data and information. To
stay simple, we will use here the following distinction: knowledge encompasses all information shared by a
group of people, the explicit one (documented information which can be stored, transferred...) as well as the

tacit one (not documented and thus informal) which is difficult to capture, organise, store and transfer.

The essence of management is to make more efficient or productive the realization of a task, through problem
identifying and solving activities. Usually, this is done through leading and directing an organization by the

deployment and manipulation of resources (human, financial, material or intellectual).

Knowledge management’s general objective is getting the right information (explicit or tacit one) to the right
people at the right time so they can make the best use of it. In addition, it helps people to create knowledge and
share and act upon information in ways that will measurably improve the performance of an organization and its
partners. In other words, knowledge management in business context is to facilitate opportunist application of a

fragmented knowledge through integration (Tiwara [2]).

The difficulties of implementing and operating a KM system are not slim: getting from the concept to the reality
is fraught with obstacles. There are several issues that must be addressed, such as:

e The capture of the tacit/informal knowledge: this knowledge is found in formal documentation
(technical notes, reports, user’s manuals, viewgraphs, spare units...) and is generally not difficult to
collect, sort, store and later use. On the opposite, the tacit/informal one (ideas, questions/answers, facts,
assumptions, meanings, confrontations, discussions, points of view, remarks, notes, photos, videos, raw
data, software, prototypes...) is difficult to capture and organise in order to make it explicit.

e The necessity to capture the relevant context: the context, sometime external to the project, gives the
information meaning and its “current environment” which may be essential for understanding it. For
example, some choices, terms, designs, tests may be considered as trivial or obvious during
development because they are based on experience gained on other projects or R&D results, but will be
completely misunderstandable in future (programming language for example — see figure 2). The
context is also part of the informal knowledge.

e The maintenance/enrichment: with a passive approach, knowledge is naturally shrinking with time
due to potential physical information loss (as a result of bad storage...) and loss of information
organisation/relevance, as a result of various changes (change of meanings, new context, evolution of
the way of working and thinking...). On the opposite, with an active approach, the knowledge is
increasing by itself while used and the ways to extract information, validation/correction, comments ...

are to be tracked and saved for continuous enrichment and efficiency.
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¢ Human factors: In industry, the management of the activities usually follows classical and proven
procedures based on past experience. Without careful preparation, the incoming of a new branch of
constraints may be badly considered by the project actors. To get their support, it is important to show
them as soon as possible the benefits of such an approach.

¢ Resources: The level of resources (manpower and cost) needed to implement and run a KM system is
not negligible but, as other activities related to quality, it should be weighted with the cost of the

consequences of not doing it (non-knowledge management risk).

Figure 2 : Evolution risk between context and project knowledge
(example : software written in old language cannot be worked out because the context

changed with the arrival of new programming languages/tools)
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2. KM in space activities: specificities & benefits

Space activities are characterised by some specificities such as complexity (numerous interfaces and technical
fields), high tech solutions, quite long durations (10 to 20 years from early conception to end of mission are
typical) and often shared work between partners, sometimes in an international framework. Furthermore, after
launch, all operations dealing with a robotic spacecraft have to be done remotely, with telecommuncation links,
and thus with limited observation and repairing capabilities. All these aspects lead to a large number of actors,
sometimes having not the same technical, managerial and personal culture. All these reasons push for

implementing a KM system.

For a space project, such a system is to be aimed to efficiently run it in all its aspects: development, assembly,
integration & tests, commissioning, normal operation, system optimisation, trouble shooting, failure
understanding and correction...

Some direct benefits can be expected from any correct implementation of a KM system.

¢ Common way of working on information : Within a project team with numerous branches (providers,
partners...), a formalised but clear procedure as well as efficient tools are mandatory for correct
information exchange. KM system can help greatly in that respect, even if its objectives and benefits are
much larger than the ancillary concern of information circulation.

o Error minimisation in operation : Although protection tools exist against human error, in term of
wrong telecommanding for example, a good technical background is a key issue for intelligent control
and operation of all the systems involved in a space project. A KM system is an answer to insure it,
through an effective technical transfer between the development and operational teams.

¢ Quick answer/reaction time : In case of necessity where a team is facing a difficult situation
(anomaly, failure...) that cannot be solved by the normal procedures, it may be required to call a deeper
level of expertise. In operation, this may be achieved in calling back some engineers from the
development team. However, the long project lifetime associated with the fast turn-over of employees
as well as the merging of the companies seriously limit the feasibility of such a procedure. Thanks to its
technical base, a KM system can efficiently allow experts not involved in the project to get the correct
information and interpret it for fast and wise decision making. These types of failures rarely repeat
exactly, but solutions may require pulling from several similar situations. This is something at which
Knowledge Management systems excel.

e Ease the arrival of new comers in the project (employees, partners, sub-contractors ...).

On the opposite, it is also important to identify the drawback of non-knowledge management system. As a
dramatic example, it is worth to remember that the lack of knowledge transfer between the development and the

operational teams lead in the past to many mission failures.

In looking beyond the project, KM is also of great interest for the company itself. Indeed, in addition to
acquiring and preserving its know-how, it provides an optimised way to re-use it. For example, the resources
needed to propose, develop and operate the next projects can be minimised, while increasing the confidence of

the customer, thanks to a visible good management of the past experience.
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3. Guidelines for implementation

3.1. The possible covered areas
The implementation of a KM system can be achieved at different levels :
e for a dedicated project (mission or R&T work) : in that case, the strategic importance or the duration are
key factors for selecting them,
e for a well defined part of a company, particularly if it provides crucial or long term work,
e for an overall company : in that case the main aim is to capitalise on the know-how,
e for a project in cooperation between several entities, in order to ease the information exchange and

capitalisation.

It is difficult to issue general guidelines for the last two implementation cases since they largely depend on the
company. That is why we concentrated hereunder on an implementation for a project. However, a wide set of

recommendations also applies for an implementation at a higher level.

3.2. Basic requirements
The final and ultimate objective of a KM system is to provide to the actors the relevant information needed to
realise, control and monitor the required activities. This is particularly critical for the operation team who will
operate directly the ground segment and remotely the space segment (sub-systems and payload), as well as
exploit all the returned data (sub-systems housekeeping and payload ones).
To achieve this objective, the knowledge management system has to fulfil the following general technical
functional requirements:

e acquire knowledge, i.e. formal and tacit information, all along the various phases,

e store the acquired knowledge,

¢ validate the stored knowledge,

e maintain the validated knowledge,

e sort/classify the maintained knowledge,

e retrieve in a users friendly manner the validated knowledge in order to make easily available the

relevant information to the project actors.

3.3. Basic choices

At first, some basic choices impacting the overall Knowledge Management System have to be made.

Information

The choice of the information to be saved is to be done carefully. As a general recommendation, it is proposed to
save ALL the existing available information, without any discrimination of date, as long as minimal ancillary
data are also provided to allow future use (such as the author, the issuing date...). This choice is the only
possible one to minimise information loss and future data mining difficulties. However, it has to be noted that

the problem of correctness/validity is increasing with the volume of the saved information.
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Tools

Since the volume of information, with the previous choice, will be quite huge, it is essential to have efficient and
stable tools for capture and organisation as well as for search & extraction. A cost/efficiency balance has to be
done in the early phase to select the best solutions between existing off the shelf tools, customised ones or
specially developed ones.

If the operation phase is long, maintenance and enrichment are essential to keep a still efficient KM system for
the time needed. Thus tools allowing a continuous enrichment of the knowledge, including saving of the

extraction ways and results, have to be prefetred.

Data & information rights
Two basic approaches can be followed for dealing with these rights:
e selective access: pending their responsibilities, the project actors will have access only to a limited
number of topics/information,

e open access where all project actors can access all technical open information.

In order to get the best motivation from the actors, it is recommended to select the second one. In that option, all
the technical open information acquired during the project lifetime (design, development, tests, integration,
operation...) can be freely used by the project team as long as it is for the project’s benefit. However, for
keeping intellectual property rights, any other uses must require a formal authorisation to be got from the basic

information source.

3.4. Technical recommendations

When the requirements of the knowledge management system have been defined and the basic previous choices
made, the next step is to issue an implementation plan. It expresses the solutions in term of organisation,
procedures and tools to be used by all the project participants for meeting the requirements and following the
basic choices, during the development/AIT phase as well as during the operation one.

The field of KM has now been studied, in other industrial fields, for many years. Thus today, some general and
specific procedures as well as software tools exist. However, a KM system cannot be reduced to the use of

procedures and tools and in fact several other aspects must be addressed.

Phasing
The ultimate use of the KM is when people rely on information they do not have available on their own, directly
or indirectly (by phone or mail for example). Even if it can occur sometimes during the development/AIT phase
(mainly for anomaly or failure processing), this more generally happens during the real operation. Indeed, during
this phase, the development/AIT team has often disappeared and is replaced by an operation team relying only
on a technical heritage.
Two basic periods can be defined for the operation of a KM system:

e  knowledge capture period : when the development/AIT team still exists, the knowledge can be obtained

directly from it and thus, during this period, the main problem is to get and process the information to

build a knowledge base,
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e knowledge searching/extracting period: when the operation team is alone, the main problem is to extract
the relevant information in the knowledge base, even if of course some knowledge is also acquired

during this period.

In practice, during the final system tests and the in-orbit commissioning phase, the 2 teams (development/ AIT
and operation ones) are usually active together. Thus, a third period is worthy of introduction where knowledge
can be extracted from two different sources, the development/AIT team and from the knowledge base. Then,

operational validation can be done on the performance of the KM tools and procedures.

Most knowledge management researchers agree that the development of a KM system requires a phased
approach [2]. On these bases, the 3 following steps are recommended here for implementation of a KM system
in space business :

o Step 1: ACQUISITION. During the development phase and up to the system tests, the priority is the
constitution, validation and storing of the knowledge base. First developments of
processing/extraction/distribution tools have also to be engaged, particularly to show the benefits for the
feeders themselves,

e Step 2: OPERATIONAL VALIDATION OF THE KM SYSTEM. From the system tests to the
commissioning phase : use of the existing knowledge base, in parallel with the knowledge of the
development/AIV team, enrichment of the knowledge base and maintenance/updating of the
storage/processing/extraction/distribution tools,

e Step 3: OPERATIONAL USE OF THE VALIDATED KM SYSTEM. From the end of the
commissioning to the end of the mission: keep on the knowledge capture, use of the existing knowledge
base, development of new tools for storage, processing, extraction, distribution tools, enrichment of the

knowledge base.

Type of Information
Information can be found in various categories of support. Pending the basic choice done on the types of
information to be acquired (see § 6.2), all or only some of them are considered.
1. Classical documentation. This is the documentation providing the mainly so-called formal knowledge.
It should include in fact all the issued documentation from the start to the end of the project. To be easily
organised, sorted, extracted... it should exist at least in electronic form.
It has to be noted that any other type of information (see below) should be described with a data sheet
expressing the content, the location ... of the information, This data sheet is to be written by the
information supplier.
2. Raw data (and their context). We consider here the raw data files of instrument, sub-systems or system
tests (TC procedures, TM data...) which are generated for and during the tests. The associated context
(GSE and checkout system parameters...) has also to be kept.
3. Software (and their context). Two types of software have to be considered:
® On board software. The sources are all the payload and subsystem development teams

requesting on-board software.
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e Ground software. They are the software developed for the GSEs, the checkout systems and the
ground segment, as well as software developed for dedicated simulation and analyse purposes.
Here also, in addition to definition and user’s documentation, context saving is mandatory to be able to
understand, maintain, operate, update and modify the software in future.

4. Hardware (and their context). The hardware remaining after the launch (prototypes, development and
spare models, GSE...) is to be part of the KM system. Context (logbooks, tests reports & files,
documentation...) is to be saved.

5. Tacit information. We deal here with much informal knowledge such as past experience, implicit trade-
off or choice, miscellaneous expertise, photos, videos, mails, faxes... which cannot provide direct
information but can be used as complementary to the formal one. The sources are then all the
participants of the project. It is recommended that each project participant (see § 6.4.2) delivers this type
of information issued/collected during the development phase (this can be done in one step, at the end of
the development). To keep privacy, it should be expressed that part of it (email for example) will not be
open to a free access later on but only a limited number of people will be able to view and use them, if

necessary.

Knowledge mapping

In order to ease the implementation and more generally identify the expertise centres, it is recommended to
perform in the early phase the mapping of the Knowledge information within the project.

In that respect, an overall tree covering the main places where information is generated has to be defined. As a
general recommendation, the technical definition of the project should be used (launcher, space segment, ground
segment and the lower levels), but technical skills (system engineering, mechanical, electrical, data handling,
quality insurance...) or activities (engineering, procurement, tests, management, quality control, operation...)
can also be used in parallel.

Then, when this tree is defined, a map expressing for each branch the relevant organisation, service and main

actors has to be issued and widely distributed.

Knowledge acquisition

This task has the main objective to feed the KM system with the information and data identified as to be saved
(see §3.3). Even if most of the knowledge is captured during the development & AIT phase, knowledge
acquisition must also be possible during the operation phase. This includes the capture of the ways used to
extract the knowledge as well as the research results themselves.

The main difficulty is in motivating actors to feed the system and thus the way to do it must be as easy and
friendly as possible. In particular, there should not be requirement on the forms and formats of the provided
information: it is one of the capabilities of the KM system to be able to ingest and convert if necessary. In
addition, as soon as this early phase, some knowledge extraction should be made possible to demonstrate to the

feeders themselves the benefits of such an approach.
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Knowledge storing
The storing must be done in forms and formats allowing storage duration relevant with the project life, from
design and development phases to end of mission. The storage has also to be as independent as possible from

organisation, hardware and software evolutions.

Knowledge validation

A permanent effort has to be performed to validate the in-coming and stored information in order to ease the
future information extraction by the users.

Two difficulties must be avoided: users submerged by a huge information volume or worse, getting erroneous
information.

Thus, validation must be done continuously, for example with a priority index where the most important and/or
fresh ones have the upper index and the incorrect or false one are identified as such (they can indeed contain

some valuable information).

Knowledge validation

As we saw in figure 2, the project knowledge is naturally shrinking with time while the overall context is
changing, Thus maintenance processes have to be periodically implemented in order to avoid these two aspects.
For example, it is recommended to perform time to time an overview of the current project knowledge base in
order to identify as soon as possible the losses and gaps and correct them as soon as possible in enriching the

knowledge system with the needed and relevant information.

Knowledge sorting/classification

There lies an important aspect of a KM system since the information extraction is clearly a function of the way
to organise the knowledge base.

Various ideas may be followed but one of the most efficient one is to stay with the technical culture of the
project players. A sorting following the knowledge mapping (see § 6.3.3) is thus recommended. However,
information extraction requests may depend of the people profile and of the current technologies. Thus, the

sorting must avoid methods too restrictive or excluding later modifications.

Knowledge retrieval

Knowledge retrieval corresponds to the end-user operational mode. For this reason, the KM system will have to
provide access and use in a form easily accomplished and understood by people NOT necessarily involved in the
project.

A particular point of concern is the saving of the requests. Indeed, a user classically concentrates her/his interest
on a limited number of topics and thus it is efficient to allow saving of her/his requests and results, in order to

facilitate later researches, as well as comments.
Tools

Even if KM is far from being limited to data processing tools, it is of the highest importance to give them a

particular attention.
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Indeed, the selection of the hardware and software to be used must take into account the KM system lifetime,
from the early feeding stage to the final extraction stage, the project size (number of people and sites...), the
existing tools and the resources allocated for the KM system.

At the technical/standard level, it is important that all choices must be reversible, to allow continuous
enhancements or changes, whatever are the reasons.

It is of course also essential that the various tools in interface with the various feeders and users (feeding,
extraction, distribution...) provide an access and an use in a friendly way, without requiring special hardware

configurations.

3.5. Organisation recommendations

In addition to the previous technical aspect, great attention must be paid on the associated organisation.

General principle

In order to stay within practical limits and classical organisation schemes, it is recommended, for a first
implementation, to avoid to add special constraints on the engineers. Indeed, the success of a KM approach lies
also on the willingness of the actors.

In order to be successful, the KM should be a global effort from all the participants. In return, the KM will
offer to ALL participants, development/AIT team, operation team, staff of the company... the possibility to get
the relevant knowledge for their own needs.

Thus a first principle is that the KM must cope, during the acquisition phase, with the usual ways of working and
documentation rules. In a general view, KM should appear as a new branch of Quality Assurance since it is
aimed to increase the overall quality.

Later, during the extraction phase, the KM must be based on both, electronic knowledge base and human

expertise, as far as it still exists, and the training of the operational people has also to be considered.

Key actors
o Knowledge Manager :
During step 1, the KM responsibility should be given to a KM Manager and, if not possible, to the Product
Assurance Manager. This person is in charge of implementing the KM system and issuing the user’s
manual. The application of the procedures may be however delegated to the main actors identified in the
knowledge map. She/he is chairing a knowledge board to be settled in order to validate and maintain, enrich,
update the knowledge base and to review the periodic reportings and status to be done to quantify any
deviation from the objectives. This board will be composed of the KM Manager, the main actors identified
in the knowledge map and the Documentation Chief.
During steps 2 & 3, the KM responsibility should be given to the Operation Manager who will be in charge
of the operational use, maintenance and enrichment of the KM system,
o Knowledge provider
All members of the development/AIT team are providers. They have in particular the following

responsibilities:
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- Feed the KM system with all the relevant documentation (information type 1 — see § 6.3.2). This
feeding gives her/his validation of the document (means it is considered as both relevant and
correct but separate remarks can also be expressed on these attributes, if necessary).

- Feed the KM system with the documented relevant information type 2, 3 and/or 4.

- Feed the KM system with her/his own informal knowledge (information type 5).

- The members of the operation team are also providers. In addition, during their search/extraction,
they can save research trees and results, remarks linked to documents...

- All providers are registered members of the KM system and are responsible of any mishandling
done under her/his own username/password (virus, irrelevant entry...).

¢ Knowledge user

Each member of the development/AIT team is a user in the way it is recommended she/he exercises the
way of knowledge search/extraction to see the benefits of the KM system and thus be motivated to feed it.
However, the main end users are to be the members of the operation team.

All users must be registered members of the KM system and are responsible of the use they will do of the
extracted knowledge. In particular, written authorisation from the information original source should be
mandatory for any use not related to the project activities (see § 6.2.6).

¢ Documentation office

It is recommended that the project documentation office runs the KM system and thus stays as the central
place where the needed information is registered and archived.

The documentation Chief takes care that the ingested information follows the KM system rules and issues
period reports to the Knowledge Board.

¢ Tool administrators

For each tool used to capture, sort, organise, store, extract ... knowledge, an administrator in charge of

interfacing with users and of maintenance is to be nominated.

Procedures

To ease the feeding of information in the KM system, an active approach has to be implemented, in view to
motivate people to participate to the overall effort. It is of the highest importance that, as soon as the early
phases, the feeders must see a direct benefit for their own activities. Thus, a feeder must be also a user as soon as
the system starts to be operated, in order to get a proper motivation.

To efficiently deal with the huge flow of entry data, early and then periodical validations and sortings of the
stored information is also essential. In such a way, each information is to get a relevant index to store its
contexts, etc... This is the duty of the knowledge board to guarantee this validation.

In order to follow the performances of the system, in ingestion as well as in extraction, the documentation office

is to issue periodic reports.

Training
Knowledge Management is not just a technical discipline or something involving only computers and data
warehouses. It involves humans and this is why educational aspects and training are also essential all along the

KM system implementation and use. Three axes may be proposed in that sense:
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o Develop knowledge management culture and get adhesion of role players

Shifting from knowledge hoarding to knowledge sharing and overcoming the inherent competitive and
defensive nature of organizations require a special collective effort, particularly to elicit the ownership of
each people of the system, as for an ISO quality certification. It appears that understanding the life cycle of
the development of a Knowledge Management system and their expected own involvement is a key point to
help all the role players to see where they fit in the process and what is the ultimate value of such an
approach.

¢ Promote the creation and identification of knowledge

Educational effort is also needed to help people about what they know that may not yet properly be
documented. They must learn how to identify heuristics that they use in making decisions, how to articulate
these heuristics and how to evaluate the value of such tacit knowledge for other applications. In addition,
key players must be informed well in advance about the various KM system tools, techniques and
procedures to understand how to feed and apply them in their own areas.

o Promote efficient use of the KM system

Users of such a system need to understand the basics of data mining and data management, such as
clustering, classification, affinity grouping ... In addition, they must be carefully educated about the

various tools that are available to them as well as about the associated procedures.

4. Return on investing in Knowledge Management

Quantifying the Return Of Investment (ROI) of a KM system is not easy. In addition, it is particularly hard to
distinguish between the value of the knowledge contained within the system and the efficiency of the system
itself. To overcome this difficulty, a natural idea is to analyse the value of the actions of the knowledge system

users, more particularly the access to the knowledge and the understanding and application of it.

The horizon (short/long term) and framework (for a project or for a company, technical or financial benefits ...}
of the ROI has to be defined but some methods (“balanced scorecard”) may offer a balance between long-term
and short-term objectives, financial and non-financial measures, lagging and leading indicators, and between

internal and external perspectives.

Two basic approaches can be followed : a macroscopic one which looks at the entire KM system (processes and
technology) and gives only a qualitative and global assessment ; a microscopic one dividing the KM system into
components and analysing independently the ROI of each of them. The limits to these both approaches are
obvious and thus a mix of them is often desirable. In that way, four typical areas can be identified to decompose
the problem while allowing quantifying KM subsystems as well as the effect to drive people’s action : human
capital, organisational capital, customer capital, and financial aspects. Since it is of course difficult to quantify in
absolute manner, relative assessment with a situation with or without a KM system may be done to quantify the

benefits.
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Once the approach is selected, the next question is the metrics to be used. Most of the classical ones measure

“product”-ivity (the ability to create numbers of products) but some of them, mainly related to quality (units

produced per hour, defect rate per 1000 ...), also give effective ways to measure the introduction of changes. In

addition, some specific indicators such as the number of patents, registered communications ... can be used to

quantify the company innovation.

We will try here to tie the goals of KM systems in aerospace activities to specific metrics, targets, and

initiatives that in turn create some quantifiable value to the organization’s financial perspective or human,

organizational, or customer capital.

The following table 3, inspired from Womack works [3] expresses some pertinent guidelines for assessing the

ROI of a KM system in aerospace activities. In addition to allow to quantify the benefits of a (new) knowledge

management system, the examination of these valuations can also help to prioritise some of its components and

to allocate funding and workforce to those parts that will provide higher value. More importantly, an

engineering or aerospace organisation can look to where the knowledge resides to help make the connections to

ensure mission safety and success.

Table 3 : Guidelines for measuring the ROI of a KM system in aerospace activities

Areas

Criteria/Metrics

Human capital

Efficiency : mean time used by the main staff focused on task (rather than in managing
or finding information) ...
Turnover : mean time of people in the same job within the company

Age pyramid : mean age of the employees and of experts

Organization capital

Quality : number of anomalies (during development, tests and in flight), number of
anomalies properly resolved, number of hours used to anomaly/rework correction, % of
failure resolved, lessons learnt ...

Knowledge production : number of identified expertise centers in the knowledge
mapping, number of produced patents ...

Knowledge sharing : number of patents/licenses used in the company (internal/external
ones), number of used standards, mean time to get the relevant information, number of
hits on web sites ..

ISO 9000 : number of captured processes, number of anomalies during (re)certification

Training : number of hours per employees

Customer capital

Customer satisfaction : % of successful projects/tasks (may be decomposed in
technical performance, calendar and costs aspects)

Reputation : number of media articles, publications

Financial aspects

Business : evolution of the financial turnover and of the benefits (absolute and per
employees)
Cost control : % projects/tasks having met their completion cost

External expenses : evolution of the contractor/supplier payments
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Conclusions

As we demonstrated, Knowledge Management can offer valuable benefits for space activities, particularly to
improve knowledge acquisition, preservation and use. However, the introduction of such a system is not easy
and must be done properly to reach its objectives. In order to help such successful implementation, guidelines
and recommendations have been expressed to cover what we consider as the 4 cornerstones of such a system
(see figure 4) for a space project. However, these recommendations may be also used for implementation at

company or part of company levels.

In addition, ways to measure the return on investing of such a system are also defined, in view to demonstrate
the benefits of such approach at the levels of the managers as well as of the actors. This demonstration is indeed

a key element for a successful implementation.

Figure 4 : The cornerstones of a Knowledge Management System

1

KNOWLEDGE MANAGEMENT SYSTEM

Tools Organisation/Actors
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Glossary

AIT : Assembly, Integration & Test GSE : Ground Support Equipment
IAA : International Academy of Astronautics TC : Telecommand
KM : Knowledge Management TM : Telemetry
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