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1. Objectives

Knowledge management, new field of activity, is still an emerging approach in space business. This document recalls some basic definitions and expresses the benefits from and general recommendations for implementing such a system for a space project. 

It is viewed to be used as input for the position paper under preparation by the IAA study group on Knowledge Management for space systems.

2. Acronyms

AIT : Assembly, Integration & Test

IAA : International Academy of Astronautics

KM : Knowledge Management

GSE : Ground Support Equipment 

TC : Telecommand

TM : Telemetry

3. Knowledge Management DEFINITION & objective
Knowledge is a difficult topic to define and maybe one of the best definitions is to consider it as the raw material of expertise. In the same way, difference between knowledge and information is subtle and not easy to formalise. To stay simple, we will use here the following distinction: knowledge is the envelope of explicit information (the one which can be stored, transferred…) and the tacit one (which is difficult to capture, organise, store and transfer).

The final aims of knowledge management are to find the relevant past information generated before, use it with the correct expertise in view to efficiently realise an activity. In addition, the so-acquired knowledge is a very important aspect of the overall expertise of a company.

4. Benefits for a Space project
4.1 Benefits for the project

Space projects 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 spacecraft have to be done remotely, with TM/TC links, and thus with limited observation and repairing capabilities. All these aspects lead to a large number of actors, sometimes having not with 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, AIT, 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 the 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.

· 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, and more generally to any new comers in the project.

· 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 decision making. 

On the opposite, it is also important to identify the drawback of non-knowledge management system. As a dramatic example, it is worth to recall that the lack of knowledge transfer between the development and the operational teams lead in the past to many mission failures. 

4.2 Benefits for the company

In looking beyond the project, KM is also of great interest for the company itself.

Indeed, in addition to acquire and preserve 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. 

5. DIFFICULTIES

The difficulties to implement and operate a KM system are not slim. It is generally accepted that several hard points exist when dealing with knowledge, such as:

· The capture of the informal (or tacit) knowledge: formal 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 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.

· The necessity to capture the relevant context: the context, sometime external to the project, gives the information meanings 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 miss-understandable in future (programming language for example). The context is also part of the informal knowledge. 

· 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.

· Human factors: In space projects, the management of the activities 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).

6. KM system for a space project

6.1 Basic requirements

The final and ultimate objective of a KM system is to provide to the project actors the relevant information needed to realise, control, 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 has to fulfil the following general technical requirements:

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

· store the acquired knowledge, 

· validate the stored knowledge, 

· sort the validated knowledge,

· extract the validated knowledge in order to make easily available the relevant information to the project actors.

6.2 Basic choices

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

6.2.1 Type of information 

The choice of the type of 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.

6.2.2 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 on the time. Thus tools allowing a continuous enrichment of the knowledge, including saving of  the extraction ways and results, have to be preferred.
6.2.3 Data & information rights

Two basic approaches can be followed for dealing with these rights:

· selective access: pending their responsibilities, the project actors will have access only to a limited number of topics/information,

· open access where all project actors can access to 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 benefits. However, for keeping intellectual property rights, any other uses must require a formal authorisation to be got from the basic information source.

6.3 Technical recommandations

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.

6.3.1  Phasing

In practice, the ultimate use of the KM is when people rely on information they have not 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:

· 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,

· 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 worth to be introduced 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.

On these bases, the 3 following steps are recommended for implementation of a KM system:

· 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,

· 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,

· 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.

6.3.2  Type of Information

Information can be found into various supports. Pending the basic choice done on the types of information to be acquired (see § 6.2), all or only some of them are concerned.  

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 source.

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.

· 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, 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 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) this will not be open to a free access later on but only a limited number of people will be able to use them, if necessary.

6.3.3 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 nodes 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.

6.3.4 Knowledge acquisition

This task has the main objective to feed the KM system with all the possible information and data. 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 there to motivate the 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.

6.3.5 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. 

6.3.6 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). 

6.3.7 Knowledge sorting

There lies an important aspect of a KM system since the information extraction is greatly 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.
6.3.8 Knowledge extraction

Knowledge extraction corresponds to the end-user operational mode. For this aim, the KM system will have to provide an access and a use in a form easily to be handled 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.

6.3.9 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. 

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 technical 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 feeders and users (feeding, extraction, distribution…) provide an access and a use in a friendly way, without requiring special hardware configurations.
6.4 Organisation recommandations

6.4.1 General

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 Produce Assurance.

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.

6.4.2 Key actors

· 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 particularly in charge to pull the knowledge capture from the development/AIT team. The application of the procedures may be however delegated to the main actors identified in the knowledge map. 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 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. 

· Knowledge provider

All members of the development/AIT team are providers. They have in particular the following responsibilities:

· 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.

6.4.3 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 period reports.

7. Conclusions 

Several past mission failures showed how wrong/missing expertises can be dramatic in space project operation. Knowledge management is aimed to collect, save and make available this expertise all along a project. However, due to its novelty, the introduction of a Knowledge Management system in a space project is to be done carefully, mainly to get the proper motivation of the project actors. With appropriate precautions, the benefits are then great for both the project and the company running it.

In that view, guidelines and recommendations have been issued to ease a first implementation that has to be engaged as soon as the project starts.

Anyway this effort is not to substitute but to help the human capabilities which still are the best warranty for success.
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