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Abstract 

The subject of this report is a research project on the applicability of 
multimedia technology for documentation purposes. The project focused on 
the documentation of the experiment preparation and utilization process of 
the Columbus space laboratorles project, which is a space research 
program ofthe European Space Agency, ESA. 



Summary 

Data that incorporates textual, auditive and visual elements is usually referred to 
as multimedia data. Multimedia is the enabling technology that allows applications, 
communication systems and other multimedia data to access and use the data. 

The subject of this research project is the applicability of multimedia technology for 
documentation purposes. The project was focused on the documentation of the 
experiment preparation and utilization process of the Columbus space laboratorles 
project, which is a space research program of the European Space Agency, ESA 

In this report it is stated that electronic human communication systems can be 
enhanced by means of multimedia technology. Implicit communication and 
communication between technica! cultures improves ifthe amount of transferred 
data and data types inereases. However, a careful trade-offbetween the expressivity 
of the data and the delay of the message must be made, taking into account the 
ability of the human protocols to cope with long delays. 

The doc:umentation for the Columbus project can be enhanced with multimedia. The 
process is served most by the addition of animation and vectorized pictural data for 
the design, check-out and integration phases. Reuse of data from simulations and 
measurements is important here. The crew preparation, the operational and user 
introduetion phases will also benefit from video and image data. 
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1 
Preface 

1. 1 Research 

1.1.1 Project description 
This final report summarizes the results of an investigation study on the 
requirements on multimedia technology to support the documentation 
process for experiments, undertaken in space. The research starled with a 
literature overview of multimedia technology, continued withareview of 
multimedia projects undertaken today and the applicability of the 
technology for enhancements of the human communication process. 
Finally, an investigation on the experiment processing structure for the 
Columbus space project and interviews with people involved in this 
structure has been undertaken. 

1.1.2 Research deflnition 
The central research question for this investigation is: "How can 
multimedia technology be used to enhance the document production and 
document retrieval process ofthe Columbus experiment life cycle?". 
Multimedia or media integration is computer technology that allows text, 
pictures, images, sound, video and other data types to be used by and 
exchanged between applications. The experiment life cycle is the process of 
development, qualification and integration of an experiment. Apart from 
processing steps, a number of communication processes can be 
distinguished. People involved in the life cycle need to exchange relevant 
findings, results, ideas and doubts to others. The documentation process is 
a part ofthe total communication. This communication for experiments for 
Columbus will cover mostly technica! and scientific issues. In more 

I 
general terms, the research question can be reformulated as : "How can 
multimedia technology be used to enhance technica} and scientific 

• communication in the Columbus experiment life-cycle?". If a quicker, more 
accurate or deeper understanding results from the use of the technology, 
impravement of the process is achieved. Specific questions , based on the 
general research question are: 

1 What will the eJq>eriment life cycle for Columbus look like_@Q_~]l_at 
_ re~gféiioiis c;l_o~s-~uitimèdia imj}o_së :on1~?-Wh_a{oppo~iti~~? A 
literature review on-repoTtS'Wfthin ESA will give an answer to that 
question. 

2 Whi.eh scientific.and technica! communication for experiments exists 
WÏthÏil the C()lUJ!l_bus project? Interviews will provide answers to this 
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question. 

3 Since multimedia technology produces on-line documentation, a major 
question is: "In what way do on-line documentation demands differ 

0 

fi:<>!ll thC?~~ fo~o~per docli~eif.ts; ~llat Qro6l~mi:!iilit-:=iJi9DJjneo _ · ·· 
r~1:1ding ai14 wlt~t_ç_@ be_ do~~ 1;()_ i_I!!p_r(_)ye tbe_:re.adability of.on~line __ 

· documents?" The answer to this question will come from literature 
reView Ön scientific and technica! articles and reports about 
multimedia projects. 

4 What demands on multi-m~flia can be dist!J:lgtl.ÎS~ed fr(_)m the 
perspective ofhuman communication? A literature review on human 
commuÏlicat1on äfl(f aprototype -~n· clarify this question. 

5 Wh~t. ~re tlle added yalues at!_dspecific properties of.QJfferent Ille<:li.~. 
types? How should a data type be usëd.? General multimedia 
llterature research and the answers to question 4 will help answering 
this question. 

6 ~i~~rceptive, ergonomie~!\ _ç_o~itiye demmJ.c:b..exist_ QD.the.. 
QJ!!play_Qf~~~--~t.li? Prototyping is a good way to answer these 
questions. 

Specific ergonomie, perceptive and cognitive demands on on-line 
documentation in general and multimedia documentation in particwar 
would be derived from a prototype. It was also meant to test and refine the 
recommendations of this report. The prototype was not finished in time for 
reasons described in appendix C. 

1.2 Structure of report 

The report starts with a description ofthe process ofhuman 
communication, presented in chapter 2. A definition is discussed and some 
cognitive characteristics of data types are presented. To find out how 
multimedia enhances this process, one needs to know what is possible 
with multimedia today. Chapter 3 gives an overview of a number of 
research projects in the field of multimedia Chapter 4 presents some 
general research on multimedia, a definition on what multimedia is and a 
number of possible applications. A possible experiment life cycle for the 
Columbus project, based on literature research on preliminary ESA 
reports and interviews is described in chapter 5. This chapter also 
presents the kind of documentation that the experiments for the 
Columbus project require and some role descriptions ofthe payload 
processing parties. Chapter 6 summarizes the recommendations. 

In appendix A, a general description of the ESA ground infrastructure is 
given. Appendix B includes a description of the way in which ESA expects 
to give support to the Columbus users (people that want to perform 
experiments). Since the documentation will partly be meant to give 
support to the users and will partly be written by them, user support is an 
important aspec_t. of the experü:nent_life cycle. Appendix ë describes the · ·· 
reqwrements on and implementation of a prototype. The interviews with 
some participants in the experiment life cycle that were taken during the 
investigation are included as appendix D. 
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1.3 Parties involved 

1.3. 1 ESA and space research 
In 1964, the countries Belgium, Den mark, Federal Republic of Germany, 
France, Ireland, Italy, the Netherlands, Spain, Sweden Switzerland and 
the United Kingdom agreed in 1964 that international cooperation in 
space research would be mutually beneficia!. They founded ELDO and 
ESRO, organizations that were occupied with joint development oflaunch 
devices and satellites. The European Space Agency (ESA) evolved from 
these organizations in 1975. In 1987, Austria and Norway joined ESA as 
full memhers and Finland became an associate memher at that time. 
Cooperation projects are carried out together with Canada and the United 
States (NASA). ESA is not involved in military research. The joint 
European space research will grow substantially during the last decade of 
this century because of the next step in an international cooperation 
process which is the construction of the International Space Station (!SS). 
The European Space Agency is participating in this ISS with the 
Columbus project that will offer the opportunity of elaborate space and 
microgravity research. 

1.3.2 Columbus 
The ISS will he a large and complex space station that can host missions 
that last for about three months, while the ISS will remain in space for 
thirty years. The long duration of the missions and their complexity will 
necessitate changes for the organization of future spaceflights. Hence ESA 
started to build an infrastructure that will direct the Columbus space 
vehicles and support the institutes that want to use the Columbus 
laboratories. The Columbus project will consist ofthree permanent 
operational space laboratories. One will he man attended, one will he man 
tended and one will he unattended. These laboratorles have extensive 
resources to perform non-military experiments under microgravity 
conditions. 
Many actions conce_ming.tJ!~ ~~riJJ,l_en~ that will he performed in the 
Columbus laboratorles must he taken, by many different people. 
Therefore, these steps nee_!l to he well documented, taking into account all 
processing steps that must bë perlormêa concenimg the experiments. -
Many parties in the Columbus infrastructure willlook at the experiments 
differentîy and they all need different ds:~-~out ti!~-~-~~ -~p_eriJP:ef!_~ ~r 
see the samedata in a different way. Since documentation is already a 
iruijörlssue fhr space research in general and taking into account the large 
number of experiments for Columbus, ESA expects the documentation of 
experiments to become a major issue for Columbus. The production, 
validation, maintenance over time and revision of each document is 
already a costly and time-consuming task for ESA This will only become 
more serious for Columbus and calls for improvements in the 
documentation creation as well as the retrieva~-p-;:~ss. · · .. · · 
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Figure 1 lmpression of the International Space Station 

1.3.3 Digital CEC 
The Digitals' Cooperative Engineering Centre is a research centre founded 
by Digital Equipment Corporation. The mission ofthe Digitals' 
Cooperative Engineering Centre is to initiate, coordinate and manage 
cooperation in research and advanced development with research 
institutes and industrial partners in the field ofinformation technology. 
Several projects are ongoing in the field of multimedia, linguistics and 
shop floor management. Digitals' CEC Eindhoven has starled a project, in 
cooperation with ESTEC (the technology centre of ESA) and the 
University of Eindhoven, department ofTechnology and communication. 
In this project, aspects of modem multimedia communication technology 
and the way in which they can improve the experiment documentation 
process for ESA are studied. lt has the status of a pilot project, the results 
ofwhich will he used for future projects. 
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2 
Human communication 

2. 1 Oefinition 

As was stated in section 1.2, an important aspect of the experiment life 
cycle is the capability to support communication between people that work 
on parts of the experiments. This is why human communication is 
discussed bere and a definition of communication that suits our needs 
must be chosen. The definition that is chosen can be used to identify the 
communicating partners, the limitations of the transmit~ng_~all1lel1 

. . . environmental and human considerations. Communication will not be 
êönSidered-as an even~oufas a systémm which humans are only some of 
the elements ofthat system (Penman, [45]). 
At fust, the scope of the definition is restricted to communication between 
humans only (Gobits, [25]). The research question, the experiment life 
cycle for ESA which is essentially a human communication process does 
not require a more general definition. This restrietion implies that, for 
example the consultation of databases alone cannot be considered a 
communication process. However, the process of consulting a database can 
be regarded as a communication process between the designer of the 
database and the user of it. In that case, the actual communication is a 
non-interactive, one-way communication process, from the designer to the 
user, even if the user interface is interactive. lt implies that the designer 
must anticipate the users questions and conceptual model, which is a very 
difficult task. 
Some elements in the communication process will be discussed bere to use 
them for the ESA case, described in section 5. 

2. 1.1 Deftnitlon of communicatlon 
Communication is defined bere as the Qrocess where humans intentionally 
exchange data. This data exchange is done according to a common protocol 
·thafis-provlded .P.YJ! 3hm-ed_culture. A shared channel is used for the 
transler.,ïiföï~matioll is generated by interpreting these da~ _to symbols, 
considering theshared knowledge, the _cönteit and cultyre andtiie mufüal_ 
social roles. 

2. 1.2 Data and channel 
Data are physical entities, which are perceptible by the receiver (Gobits, 
[25]). They can be transported using a medium, usually called a channel. 
The physical properties of the channel often force us to modulate the data 
to a format that makes it transportable over the channel. This format can 
be analog or digital. To make data perceptible to the receiver, they need to 
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be demodulated for the receiving party. All human senses can be used to 
receive data items, but the channel is a major factor that limits the 
number and kind of data items that can be transferred. The channel has a 
number of characteristics which have to be taken into account 
(Shanmugan, [54]). The channel can add noise components to the data 
items, it can distart or even lose data because ofbandwidth limitations of 
the channel or because of selective delay, gainor attenuation of data 
items. The channel can also give a global delay time to data items. Figure 
2 gives an overview of the channel characteristics and an impression of the 
effect on some transmitted data. To make sure that correct reception of the 
data can be achieved, the data items should differ enough to separate 
them, even when these are distorted and contain added noise components. 
To cope with unpredictable delay times, some protocol must be agreed on. 
Data can either refer to a symbol or be interpreted as symbols. A symbol is 
an abstract element, therefore it cannot be described, but only be referred 
to. An example of a data item that is also a symbol is a rose. lt can be 
interpreted as a sign of affection, which is a symbol. 

Channel characteristics are important if equipment is used for human 
communication and the channel capacity limits the data transfer. This is 
the case for multimedia data, as is shown in section 4 

An example of a channel with a number oflimitations which must be 
taken into account is a transatlantic telephone line. The two 
communicating parties should take into account that the line provides a 
delay time of about two seconds, this is something that really can disturb 
the communication process. The bandwidth is limited to frequencies 
between 300 and 3400 Hertz, which means tb at just enough data can be 
sent in order to make the words distinguishable from each other. While 
the verbal data (data transferred by words) is present, notall vocal data 
(data transferred by intonation and pitch) can be transferred completely. 
Some added noise is present (cross-over talk and white noise) so both 
parties have to transmit their messages above the noise power level. This 
means that amplification will be needed. Distartion may be present 
because ofthe non-linearity ofthe telephone handsets. 

Channel characteristics. 
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2.1.3 

2.1.4 

If a fixed bandwidth is available, the number of possible data en ti ties 
cannot be increased without increasing the chance of an incorrect 
interpretation of each data item as well. The reason for this is that data 
items become more similar to each other and the receiver must put more 
effort in discriminating between similar inputs. The optima! amount of 
data items depends on the distortion and noise characteristics of the 
channel. 

Culture 
The concept of culture will be used in section 5 f9r the selection of the type 
of communication. Culture is knowledge that is shared between people. 
This knowledge camprises agreements on which set of symbols to use, 
knowledge how to interpret symbols (create information), rules for using 
the correct protocol and rules that direct behavior in specific situations. A 
culture contains amongst other things the protoeals for communication, 
the social roles (section 2.1.4), the sets of symbols, beliefs and ethica! 
rules. A culture can contain subcultures, which apply to a subset of the 
people from the main culture. An example of a subculture is the scientific 
community which has special rules, behavior and a specific lexicon. To be 
able to communicate, a shared culture is necessary in order to use the 
same symbols and protocols. 

Social role 
Some aspects of the roles of the people involved in experiment processing 
will be described in section 5.4 to get a petter ~g~rsYmQing of.Jb.~r 
communicative ne~. This vision upon the role concept is taken from 
Heinë et äï.~-[30]. The social role is a cultural element. lt contains a person 
his role expectations and interpretations, the social relationships and role 
interpretations of an individual in the society. The role contains not only 
the expectations ofthe individual conceming his own behavior, but also 
his expectations of other peoples roles. The role cao be used to describe the 
intention to communicate, the necessity or goal of the interaction. 
Conflicts can arise if the role interpretation of a person differs from the 
expectation of others. An important aspect of a role is that a lot of the 
communicatiQI!bei~.n.wg~_On! is embeJlded..in.th~kr.Q~J._An example of 
thlS: if a salesman and a customèr -talk, the goal of the communication is 
already expressed by the two roles. The customer expects to get a polite 
treatment and to be aided in his choice, the salesman expects that the 
customer intends to buy something. Thisjrnplicit CO!ll:J:Il~C~ 
achieved by the roles, Since the role already inhibits the goal of the -· 
co1llmunication, it is a good means to review tliêêoiiîmunication process. 

Heine et al. [30] state that the interpretation of a role is to a large extent 
depending on the tradeoffbetween ones expectation ofthe role and other 
peoples expectations of it. This implies that ~ communicap~~ 
process a lot of interactio11 i~J .J"equired to a~apt the roTeexpecfatlon and 
Infërpretation toeach other. When roles expeètatiotiilstiïl have te> oe -
êrëated,necausepeople bear roles unknown to each other, one can expect 
that the interaction will take longer. The amount of data to transmit will 
increase as well, since no implicit communication e:xists at that time and 
the role specific data must be transmitted as well. At that moment, the 
~es_!_~quires a quick re_~C)nding ~nel with al~ c~~~ci~ to 
speeaup the process. For interaction bePlv_een well kn.own roles,th.es.e 
~emands are less rigi_d.-COmmooication between roles takes place 
according to a protocol, which directs the timin__g and s~~enç~ ~ft;h~ data 
transfer in a communication process. Son1~ protoeals can be distorted b:y 
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long delays on the channel. This is the case if a pause in the conversation 
is interpreted as an invitation to speak. In that case, the process is served 
by a quick responding channel. Delay bas shown to be disturbing in direct 
communication (telephone, for instance): Indirect communlcation (letters) 
is Ie ss susceptible to delay. 

2. 1.5 lnformation 
Information is regardedas the interpretation by a human ofthe received 
data to symbols (Gobits et al. [25]). The interpretation is done taking into 
account the cultural knowledge on the syntaxis, the symbol system, the 
protocol and the role of the receiving and transmitting party /Th is 
definition implies that information exists only in the mind and is not 
transportable by any existing channel. Since the interpretation of the 
receiver is unknown to the transmitter, the transmitting party must be 
a ware of all factors that affect the interpretation by the receiver and even 
provide redundancy in the transmitted data if it increases the chance of a 
correct interpretation. In figure 3, the attempt to transmit symbols is 
pictured. It indicated that some information that is generated by the 
receiver was not meant by the transmitter and not all referred symbols 
are regenerated or regenerated correctly. 

1 Symbols, sent by the transmitting party, but not generated by the recipient. 

2 Symbols, sent by the transmitting party and generated by the recipient. 

3 Symbols, generated by the receiving party, but not intended by the transmitter. 

@ Information as defined bere 

~\ 
~<8----Ch-ann_e_l _____ ~ 

Transmitter 

Figure 3 lnformalion process 

The increase of the number of correct reproduced symbols requires an 
impravement of the information process. Two ways to achieve this are: 

• p~~ more d~_sci1ptiy~~ .~ta. Multimedia can play a role to achieve this 
goru. I r' '• 'I• rf 

• U se a feedback channel. The receiver can try to retum his 
interpretation of the received data. 

Human communication : 2-4 

I f 
' f , ' t ~ 

t' ( ; 't ', 
C' , ,rr Y ,. 

) ;(' ( c '<' . 



The transmission of more descriptive data does not guarantee the correct 
interpretation of the symbols, even if the reception of the data is perfect. 
The feedback channel allows the transmitter to adapt his message 
according to the feedback he receives. This allows the communication 
process to become adapted to the receiver. If the feedback channel has 
sufficient speed, the communication process will he interactively. For this 
reason, ~~~~~e should he given to the channel characteristics. 1; • 1 • · I' 1 

2. 1.6 Consequences tor design 
The definitions given above lead to some important conclusions. To enable 
adequate communication at all, a channel, a culture containing roles, 
knowledge about symbol sets and a protocol must he shared by the parties. 
The channel should he able to convey all data that is used to describe the 
symbols. The protocol should he able to cope with channel distortion, data 
losses and noise on the channel. Knowledge about the social roles and the 
topic of discussion as well as the context not so much enable but enhance 
the communication. If no common knowledge is shared at all, no 
communication can he achieved. This makes it difficult to establish 
communication between people of different cultures. 
Computer technology has speeded up ways to communicate, but so far, the 
rest of tJte chan,!l~l characteristics ~I:~-poor. U sually only the transfer of 
text (somëtiïiies graphicsY1:8"àliowed, This restricts the amount of data, 
compared to normal face-to-face communication. In the next sections, 
human senses and characteristics will he dealt with. After that, some 
channels and their shortcomings will he discussed. 

2.2 Data, channel and communication processes 

In communication processes, the selection of the data type depends on the 
channel that is used. The communication process is also heavily influenced 
by the selection of the channel. This section discusses the properties of 
data types and the influence of the channel on the communication process. 

2.2.1 Data types 

2.2.1.1 

The data classes that are distinguished bere are sound, text, visual and 
pictorial data types. Other classifications can he made (includiÏig data 
types thafüse our smeU, taste, touch and temperature senses) but our 
selection is based on the present possibilities of the data types in computer 
aided communication. The classification in data types in this section is 
done on the basis of a number of articles on multimedia and data 
characteristics. 

Sound 

Sound data covers musical, signal, environmental, verbal and vocal data. 
The message ofthe verbal data is conveyed by the words, the vocal data is 
contained in the intonation. Although the verbal part of speech is also 
covered by the data type text, it is included because human speech 
contains both vocal and verbal data. Synthesized speech contains the 
verbal part without the vocal part, and thus can he considered as plain 
text, presented in a different way. Mehrabian [39] claims that for face to 
face communication, vocal data covers 38% o(the communication process, 
while verbal information adds just 7% (the rest is visual data). Mehrabian 
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[39] states that this would only be true ifthe vocal and the verbal message 
~ate to a high degree. If they do not, preferenee will be given to the 
visual inputs. Musical and environmental sound can also transfer a lot of 
data, but our culture is not used to using them for normal and explicit 
communication. They can be used to enhance the interpretation of the 
normally used data types and they can be used for giving simple 
indications. Speech, containing the verbal and vocal data is very useful for 
short (alarm)messages and interactive communication, especially if the 
visual channel is overloaded. The absence of transmission can also be 
interpreted as data (this is cultul"al depe~dent):1ra-pa~-~~-~ë~rred during 
llie conversation,-it can be interpreted as a hesitation or even a rejection. 
These phenomena can occur on channels that offer asynchronous packet 
oriented) transfer, they have unpredictable delay on the channel. 

2.2.1.2 Text 

Text is communication through naturallanguage. The verbal part of 
speech and printed or written language can be considered as text. It is 
presented according to a structure, usually composed with care. lt is a 
data type, often used for non-interactive data transfer, since a lot of time 
can be spent on the composition of the message, thus avoiding 
misinterpretation. The danger of unwanted data transfer is also 
diminished, because a limited set of data is used. The reader must follow 
the sequence as it is composed by the writer. Although some varlation is 
possible, it is not possible to read or hear the text at random, so the 
reception process is sequentia!. Text is usabie for the description of 
~]!l.Pl~_~ed~~s or as an alternative for speech. An adVaritageis that it 
is a well known communication medium. 

2.2.1.3 Visuals 
A lot of information we generate is created from visible perceptions. Text 
and pictorial data are examples of these but are not considered as visuals 
in this report, because they require another interpretation. Visuals are 
visible recordings of reallife situations, not'interpretajiops. Two types of 
visuals are-distmguished: Static visuals, Caïr'eciTm&gés-thät contain a 
recording of a moment in time and time dependent visuals called video, 
containing a recording of a visual process. Visuals in general are very 
descriptive and present a lot of redundant and unnecessary data, apart 
from those that are wanted. The redundancy of the data can however be 
useful to generate information at the receiver on the basis of recognition. 
A photo of a situation is shown, the receiver recognizes it when he sees the 
real situation. Time dependent visuals can be very useful for explaining 
sequences of activities, during training sessions in which motoric skilis 
need to be leamed (Lindeboom & Peeters (37]). The reception ofvisuals is 
integrated, at least it appears to be received in that way (Glass & Holyoak, 
[24]). A special sequence in which to see all details of the visual is not 
mandatory to create a sensible conception. Visuals are important for 
recQgllÏtion, the judgment of a!~sult and impHeit (role dependent) 
-êommunicätion. -- - · - - - - ---

2.2.1.4 Pietcrials 

Pictorials are visible data, created by man. Therefore, they are 
interpretations of reality. A pictorial refers to a concept, giving just 
enougb data io distingwsh it from other tokens, while a visual describes it 
in all and even redundant detail. Pictorials do not include recordings of 
reallife events. Like visuals, two types of pictorial data exist: 
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time-dependent pictorials, also called animations, and static pictorials 
called graph!~s. Animations, like videó;-arecapable of descrihing a process 
in time. Pictorials descrihing a situation are less detailed than a photo or 
movie. Irrelevant detai~Q_~_l~ft;_Q_l!~ which increases the possibility to 
stress the important aspects. In genera!, any detail in a pictorial is meant 
to be shQ~, while the details in a visual are not always. The reception of 
piciorlals is the same as for visuals (section [2.2.1.3]). Pictorials are usabie 
for a q_uick transfer of concepts, due to the reduced amount of data and the 
integral perception and for g!ving examples ~f Qr~~~'!!~~~ 

2.2.2 Channel and process 
The channel that is used can have specific properties that affect the 
communication process (See figure 2 and section 2.1.2 for the 
characteristics of a channel). Long delay times may diminish the 
interactivity and so does the absence offeedback. The channel can also 
conneet several people at the same time. Human communication !LJ:?est 
served if i~-~~~_is present to clarify topics step by step. For effective 
feedback, short delaitiniës-on-tliëCliä:iiiiéiäre neéëssmj'. If no feedback 
can be provided, it is necessary to use an explicit and very descriptive 
language in which to transmit the message. In this case, a careful 
composition ofthe content message must be chosen. A number of 
communication methods are discussed. 

• Human face-to-face communication is in most situations considered 
the best way to exchange data since it is interactive, offers short delay 
times and the opportunity to use all human senses. A special type is 
conferencing, in which anyone can address the group and specific 
persons. Some formality is necessary here to Iet each speaker have the 
opportunity to speak and force him to stick to the topic. Another type 
is a presentation. Here one person addresses an audience. The 
feedback is usuaiiy poor, therefore more effort (sheets, for example) is 
used here to express the ideas of the speaker. 

• Telephone communication does not offer a visual channel yet. 
Although most of the data is normally (face to face) generated by voice, 
a lot of the protocol data (disinterest, confusion, bad comprehension) is 
generated by visual impressions. This makes the telephone less 
effective compared to normal face-to-face conversations. 

• Writing letters offers the advantage of provable communication, which 
can be re-read and duplicated. This is one ofthe reasons why it is 
quite a formal way of communicating, and usually letters are written 
carefully, both because ofthe reduced interactivity and the provability 
of the communication. Typewntten letters can only communicate by 
the semantics of the text. While this does not give us a large 
bandwidth to use for communication, it is a clear channel with 
reasonably well de:fined semantic rules. Both visual and auditive data 
are less useful for the process itself, due to the nature of this type of 
communication. Electronic mail or electronic conferencing are special 
types ofthis type of interaction that are used for communication today. 

Since large computing power and data transmission systems are available 
these days, combinations of interaction methods can be implemented. 
Writing, for instanee can technically be enhanced by addi!l~oll!l<l_~!l_c:t 
video capabi~_ty. While it is difficult to predict the future, it is very well 
·pos~i~~-tll!lt tll_es~~d.~:~~s-~~1 n~t s~rve ~!comm.~~ation pro_~~!!.S_ at 
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all. The reason for this suspicion might be that the nature ofvisual (face to 
fa.:~~ comml!:~~c_ation n~~-lJl.l in.teractive comniüliiciiti(jil.iirQêê_~§~-~hi~h-i; 
not pro\rlded when writing letters. Written letters are composed with care, 
because of the long delay for a response. But videoclips and sound clips are 
very difficult to campose precisely, to explain what you mean and what 
you don't. This is also because we have not learned to use this way of 
communicating yet, since it has notbeen a part of our culture. We should 
be cautious not to overlaad a non-interactive channel with data types. 
-- -----·-"'----··- ------·-------·-·----·----·--· -·-··--. - ----·--------·--·-~--------

2.3 Ergonomie demands 

The display of multi-media data will take place on a computer screen. 
Much perceptive research is performed on the readability oftext and 
pictures has already been performed (Obnorme, [44]). The integrated 
replay of pictures, text and video is the subject here. The data displayed 
should not contain conflicting messages. If on a control display red is the 
ligreed sYIDEoH'ör-àanger; plctuies and videos must not contain red data. 
(Bailey, [3]). The phenomena ofvisual over sound prefet~n-~ (Glass & 
Holyoak, page 57 [24]) and :re~_!l_ced at~ntion for aucli.~J ~~gi!~S during the 
image~f~sual i~_J!lS and !I~e vers~ (Glass & Holyoak, page 133 [24]) 
must also be taken into account if sound and visual warnings appear at 
the same time. These and other phenomena indicate that the integrated 
display of different data types at the same time should he directed by a 
central decision mechanism that takes the phenomena into account. The 
peiceptiVe.and. êrg{,nouiic characteristics should he given more research in 
future studies. 

2A Conclusions 

The human communication process is a process that covers much more 
than the mere exchange of symbols alone. Part of the communication 
process takes place in implicit processas (roles for example) and 
assumptions (cultural dependent), which can be as important as the 
explicit data exchange. 

Since channellimitations do not allow all data to be transmitted, usually__ 
only exp!_icit da~_~e~ ~ellimitations also heavily influence the 
structure Oftlie communication process; ~àeason why many different 
communicati~e InteraCtion manners exist. Preferenee should be given to a \ 
guick ch;,mneUransport over an expressive vocabÜÏary-be.ëausè-Cliannel · 
dêî~i~ gistort the proces~:~ in three ways: Delays can be- iriterpreted as C!) 
data (a delay nilgbtbe interpreted as a hesitation), distörttlïëProtocQ.l (àn ~~~) 
example: a delay can be interpreted as an invitation to speak) and it can 
frustrate or .. slow down the mutualrole adaptation. Since the 
inteî=P;etati~ll o"f delays- is CUltural dependent, communication between 
roles, unknown to each other is a highly interactiva process in which not 
only the message must be transmitted but the role expectations and 
interpretations must also be coordinated. 

The data types we use each have their own advantages and drawbacks. 
~h are ~~~~!llly _structured and r~~e_!ye9,, v!!!~S present 
p~~~~. integra,~d concepts, based on recognition and ~ictorials describe 

Human communication : 2-8 



symbolic integrated concepts. Ifthe knowledge gap between two persons 
~ge due to different cultures, communication becomes more difficult. 
Complex symbols cannot be referred to anymore, so a combination of more 
common symbols is needed. IfmtJ.lti_m~dia te~llJ10lQgy: al~ws ~~-.!l~i>.!!l!~.o.f 
usabie data entities to be increased, both for explicit and implicit 
èOniïlïUïlicatioQ.,__ the e!i)rëS"s[v:itY_:_Qlïï.~m_axis ioçrêi~~ii~ wëlrJ)jii_the 
bala!lc_~"Qe.tw_~~n-~_p_!_E!~Sivity __ ~4_ç_l:l_~nE!lc!elayf3h9_1Jld.!>_~J!;lkenj_!1_t9_ 
accoUJ!t. 

For the ESA case, we will see that a number of different national and 
technical cultures exist. So when communication channels are set up, the 
used set of symbols must be the same. Therefore, it is wise to limit the 
number of symbols to a fixed set together with a clear agreement on how 
to use them. The two most important aspects of communication channels 
are bandwidth and response time. The former is needed to be able to 
transmit a lot of symbols, the hitter is to allow interactivity to resolve 
\ïiïCertainties-:Ifatrade-offhas to be made betw;eil e~ressivity - -
CbandWidth) and response time, preferenee should be given to~_response 
tim~ especially when cul~!.al_p!_QQJE!m.!Q~Ç)lr, which will be the case for 
Columbus. Some distortion and noise are allowed, as long as the symbols 
rem~J! distinguishable. When new data types are ~ b~Jl_c:I(fëa~notonly ·-·
thesymbols· that-are added, but the-wlÏÖie -~~~m_~ca~~I!.Pi:o~Ei~~~~-~-~ to 

· be taken into-·account. Sîricé not many protocols exist that use multimedia 
dä.fäso fár,-p~Óp{~-_riiust get acquainted to using the data and the 
protocols. More research on the applicability of Protocols for video and 
~~c:l- ~-~~~~Js~ecommel!ded. A prototype WJ.il bé.usefufio-aiëftiris 
research. 
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3 
Literature review on multimedia 

3.1 Introduetion 

An investigation of reports on several on-going projects in the field of 
multimedia are presented in this section. Each ofthe projectsis concemed 
with a topic in the field of multimedia The goal of this summarization is 
to show the relation of this report with other projects and to give the 
reader insight in the possibilities of multimedia as it exists now. 

3.2 Concepts 

The concept of hypermedia systems was proposed in 1945 by V. Bush [10]. 
He proposed an information retrieval engine, based on microfilm storage 
and stated that associative links between hooks should be possible. In this 
way, an associative track could be created. Lateron, the same track could 
be redone. Rayner [50] proposes the incamation of this concept in a 
computer system, called Hyperinformation. The MEMEX. handhook [17] is 
an elaborate description of the first version of this system. 

Dürr et al. [21] define three abstraction levels for multimedia: Single 
media objects (Video, text or grapbic objects that cannot be synchronized), 
structuraîfycomposed multimedia objects (A set of single media objects, 
tred tögetlîer by -strUctUral relations, like hierarchies) and behavioral 
related objects (which must synchronize their behavior to other objects) 
'fhe behavioral characteristics are far more complicated, A proposai for an 
architecture of a multimedia database management system is made. 
DAMOK.LES was used fora first prototype, Smalltalk for a more advanced 
version. 

3.3 Applications 

3.3. 1 Research projects on training 
Golas [26] describes a training application using multimedia. Interactive 
videodisc technology is used to create a training for aerospace related 
tasks. Video and audio segments are stored separately on a videodisc. The 
program, text and grapbics are stored on hard disk. The content of the 
training include instruction sequences, practice exercises, and mission 
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oriented simulations. Training and practice are highly interactive and the 
students performance can he monitored. 

Dede [16] describes the use of the visuospatial representation of 
complexity to transfer prespecified mental models for training purposes. If 
hypermedia based semantic networks are presented visually, the 
complexity of the network must he maintained below a certain level. 
Research has shown that this is feasible. Conceptual distance can he 
represented by metric distance in this models. 

Four areas in training are distinguished in the report by Duncan [20]; 
knowledge domain, students model, instructional approach and human 
interface. In an test Intelligent Tutoring System (lTS), the expansion of 
capability and functionality for these areas are evaluated. The report 
forecasts that future lTS systems will he able to cover complex and 
ill-defined knowledge domains, use apprenticeship and discovery leaming 
as learning strategies and bypass the students model. For space system 
training, simulations are preferred to instructions on procedures, because 
it helps forming mental models on the equipment. A scenario sketches real 
world simulation using a dataglove for manipulation and screen displays 
for retrieval of the simulation. 

Schroeder [53] states that intelligent tutoring systems offer the possibility 
to create flexible and adaptive leaming systems. A well designed tutoring 
system will take the characteristics of the student into account and adapt 
to his preferences. Two variables that are investigated here are the 
perceived differences between verbal and imagery/spatial processes and 
the use of physiological markers as input for the tutor system. 

In the project described by Giannotti [23], educational tools lik.e browsing, 
simulations and automatic programming of robot devices were reviewed 
for students in mechanica! engineering. The conclusions are that 
~ducati~nl:ll tcx>ls_Utat.offer tbe ~ame Pt9l>.!~m solving s~_p~_S;ll_tbos~-~~ . 
in real situations are V(!ry effeçtive. Simulation 18-onë Öf the ways to 
accomplish thls. ' -. .. 

The NESTOR project, (NEtworked Systems for TutORing) is a joint 
project between the University ofKarlsruhe and the Digitals' Campus 
based Engineering Center in Karlsruhe. (Blakowski et al. [6]). NESTOR is 
a large project in which multimedia technology is applied for collaborative 
leaming and collaborative authoring of courses. The implementation of 
different data types, the creation of multimedia databases, the structuring 
and behavioral analysis of data in the database and the user interfacing, 
the possibility of shared applications and the adaptation of instructional 
procedures are subjects of research here. Many results on partial problems 
have been produced already. 

3.3.2 Documentation retrieval 
Croft et al. [15] stated that the retrieval of complex documents and 
multimedia data is served by an extension of the standard query 
languages. The inclusion of uncertainty and preferences in queries as 
extra features has shown to he useful in a test. 

Bordogna et al. [9] give an overview ofthe DOMINO system, a data 
retrieval system for text and pictures. lts database contains a number of 
multimedia documents. The automatic index:ing of pictorial data, the 

/'-- '- -- ' 
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extension ofthe search strategies and the structuring ofpictorial data is 
the focal point here. 

Bordogna et al. [8] present their proposal for automatic pictorial indexing. 
Pictures are described in a private set of layers. The global features are 
given in the first, special classes and their features in the other, as far as 
important. Text can also be indexed, using a dictionary record containing 
special words and an inverted file record that uses words as input and 
points to documents containing that word. 

3.3.3 Cooperative work 
Rüdebusch [48], describes a flexible approach to Computer Supported 
Cooperative Work (CSCW). A number of applications in which group 
support is needed are described. U ser requirements on group working are 
sketched and an architecture is proposed. 

3.3.4 Communication 
Sakata [51] presents a multimedia conference system, basedon LAN 
technology. The conferencing system resembles face-to-face 
communication by adding a voice and video channel. Extra data types that 
can be conveyed are text, handwriting, grapbics and images. The results 
show that the system suffices for in-house conference, although the image 
processing is too slow. 

3A Technology 

3.4.1 Databases and general research 
In Kim et al [34], the ORlON database systems are described. Three 
models have been implemented: ORION-1, a single-user, multi-tasking 
system, ORION-1SX, a elient/server system that can support a number of 
diskless workstations and ORION-2, a distributed database system. It 
supports an object oriented modeling of data, version control, composite 
and multimedia data types. 

In Dürr et al. [21] a research project is outlined in which the architecture 
of a multimedia database system in three levels is discussed. It is argued 
that the inclusion of the Hypertext view on data and the navigation 
paradigm of information retrieval is useful for object oriented data. Links 
are able to conneet multiple sourees and multiple destinations. An 
implementation, based on the concepts is functioning at the moment. 

Klas et al. [36] discuss the object oriented approach to model multimedia 
data. They discuss the database requirements on multimedia data types 
and conclude that the architecture of the database in three layers would 
suit these requirements. A storage layer (location of data), a conceptual 
layer (modeling of document) and a presentation layer Gayout issues). 
Object oriented databases must be extended with metaclasses (a level / 
between classes and instances). 

Kitinya [35] describes a relational multimedia database system. Data 
types that can be stored are text, attribute data, bit-mapped pictures and 
programs in binary code. 

Literature review on muttimedia : 3-3 



In Lum et al. [38] content search in multimedia database systems is 
discussed. It is argued that content search can be achieved if a 
multimedia object is accompanied by a description of the object in natural 
language, interpretable by a parser. Support from Artificial Intelligence 
systems is necessary for a better interpretation. Several dictionaries will 
be used. One for general words, more or less context free, and one for each 
application. X-rays and normal pictures will have different dictionaries, 
for instance. 

The functional requirements on a server for multimedia data are outlined 
by Berra et al. [5]. Circuit switching is proposed to be the best way to 
transmit full motion vfdeo and audio data, because ofthe fixed delay time. 
Packet switching is sufficient for stillpictures. The configuration in use is 
aras-t Sun workstation with a parallax series videograpbics card, 
containingframe buffers for video capturing, a NeWS Network windowing 
system and the Ingres database. 

In Craig et al. [14], an example ofthe assistance of multimedia support for 
expert systems is given. Hypermedia is used here for controlling the depth 
of explanation of the compiled knowledge, since the computer must be able 
to explain why he has selected a specific solution. Not a lot of real 
multimedia support is given, only static pictures and animations are 
allo wed. 

3.4.2 Networks 
Chow and Adachi [12] present the implementation ofthe transport ofreal 
time multimedia data (voice, hand drawing, images and text), in 
accordance with the ISDN standard over an Ethernet based network. 
Some protocol problems on the lower levels remain unsolved. 

Distributed learning systems are discussed by Anelli et al. [2]. Based on 
the open systems concept, individual training is possible, which allows the 
student to decide what, when, where and how to leam. Quick reaponding 
channels and multimedia data enable distributed learning, while 
multimedia data enriches the process. An experiment with satellite 
communication, using the Olympus satellite is proposed. The data transfer 
rate will be in the range of 384-512 Kbit/sec. The earth transmitters will 
be transportable. The project goals will be to build a didactic model for 
education and design tools using satellites diffusion and evaluate them. 

An overview of the network demands on multimedia data traffic is given 
by Hehmann et al. [29]. Existing networks like FDDI, FDDI-II, B-ISDN 
and DQDB are compared. The condusion of the comparison is that 
broadcast and conneetion oriented services, isochronous, synchronous and 
asynchronous traffic are necessary for multimedia data transfer. Another 
condusion is that the distribution type, the acceptable synchronization 
jitter and error rate vary for different data types. 

3A.3 Sound processing 
Sawyer [52] proposes a data type SOUND in a relational database system. 
Sound data organization, properties of sound and query possibilities are 
discussed. The proposed sound data is stored in files (not in a database) 
and has the properties name, size, duration, encoding, sample rate, 
resolution and description. 
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3.4.4 Image processing 
Phillips et al. [ 46] describe the creation of a multimedia document system 
prototype which is implemented on a NeXT computer. The subject was the 
storage ofthe SIGGRAPH proceedings. The papers stored include 
animations, sound and image data types. The prototype supports keyword 
retrieval from stored texts, pictures and images, interpretation of and 
numerical operations on equations, animations, audio data and notations 
(graphical notes, sound or text). The prototype also supports a number of 
image processing tools, for color and gamma correction ( correction of colors 
for specific monitors and environmental conditions (daylight) and 
rendering on black and white devices. 

3.5 Conclusions 

Research has shown that associative search in a network of related data is 
a useful and practical mechanism to retrieve data and a visuospatial 
representation ofthe complexity ofthe data web is feasible. Structuring of 
multimedia data is relatively easy, but the synchronization ofthe behavior 
of multimedia data is difficult to accomplish. 

Research projects on training and education show that inter!l_C_ti\'icy and 
indivici~l ~proaches in training increase the effectivity of the learning 
process. Intelligèiit tutoring systems provide this. Multimedia technology 
offers the possibility to run simulations and instructional sequences and 
enhances the students motivation. Collaboration is another stimulus to 
enhance the learning and authoring process. Simulations provide better 
ways to let the student create mental models. Confei1!ncë- systems will 
benefit from multimedia support if the system is able to mimic a normal 
conference and is able to transmit video data. 

A lot of research projects on the storage of multimedia documents in 
database management systems is ongoing. The retrieval ofthe semantics 
of multimedia data is a difticult subject to solve. Approaches to this 
problem make use of !X'trll database records that contain the semantica of 
the multimedia data. Dictionaries will be added · to describe the semantica. 

The present technology is capable to support a number of distributed 
database management systems, either object oriented or relational. The 
network technology will be capable to support both packet and conneetion 
oriented data transport, because some media require constant delay times. 
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4 
Multimedia technology 

4.1 Introduetion 

Multimedia technology is described in a lot of ways but the descriptions 
remain vague when the question arises how to use it. As Mullender [41] 
states it: "Multimedia is at that early state ofbeing 'black art' still". 
N evertheless, many computer and software companies are working on 
applications and platforms for multimedia, expecting it to enhance 
productivity in the coming years. These expectations are probably based 
on the p~rc~iveda~~ve ~PP~I.ll"ance of multimediÏ"lapplicatiöiis; which 
eneomages the users to make use of äpplication'S.. Becau8t}ót' thë .. 
l!._ddrëssing of different human. senses bY the multimedia data, ~eC)p!~.t4!~d 
to PaYIDQie ~~i!~C!!l.f:9.the.~u)lj~çt, and keep ~ts a~Jl.tic.>~Jong~r~ 
Multimedia for presentation purposes is only one of the possibilities. Other 
applications we can think of are desktop enhancements, help functions 
that support the users with grapbics and video and demonstrations, voice 
mail, videoconferencing and voice navigation through programs. Section 
4.5 will be more elaborate on possible applications. In this chapter a lot of 
the uncertainties will be ciarifled that exist concerning multimedia. First, 
a definition will be generated, considering a users viewpoint. Then, the 
technological difficulties will be discussed and an overview of possible 
hardware platforms will be given. Next, a number of possible applications 
will be worked out, considering human, organizational and teehoical 
boundaries. 

4.2 Definition of multimedia 

4.2. 1 Viewpoint 
A definition is always used for a specific purpose. A hardware engineer 
would choose a techoology oriented definition. Ours is focused on the 
perceptual side of the technology.l!ow .do~s it appe.ar. to a user l:lD.d what
are the p()ssi}Jilities he needs and why? While this definition will be useful 
-to get a feeling about the opportunities that multimedia can offer, it does 
not teil how the implementation is done. So, in addition to the definition 
below, some teehoical descriptions, following the definition will be given. 
This section deals with the definition, the scope for which it is valid and 
the different media we can think of. The definition is not simply taken 
from the literature, but is the result of a lot of discussions with other 
people involved in multimedia development and descriptions. 
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4.2.2 Definition 
Multimedia can be defined as technology that enable an application to 
present data to or get data from users, ~reet or via other applications by 
modulating the form of the presentation of this data ~Jlne or m_Qre 
~~~sor.y _channels ofth~-ils-ër,th-üs-pennanently respol!_<!_i~ __ t<!t!t_~ , 
expressed perceptual needs of the user. \ 
Th1s-defiïiH.fonlsnottäKeri rrömthë-Hterature Cno existing definition was 
found during the review) but it is a result from many discussions and 
meetings on the subject. The definition adheres to or is a superset of of 
almost all descriptions found in the literature. 
The modulation of the data means that several data types will be used, 
each of which can address various human senses. An application must be 
able to reach not only the user, but other applications as well. This 
definition also demands that the application responds interactively to the 
human perceptual needs. In figure 4 some ofthe consequences ofthe 
definition are presented . 

.. ·· •' 

Multimedia is deflned as te~l~ that enable 
applications to present~ta tf or get data 

from users, directly or ja _other appllcations 
by modulating the form of the presentation of 
this data to o f 

Figure4 Some consequences of the definHion of multimedia 

The technologyin itselfis nota communication system and the 
interactivity of the user with the system should not be regarded as an 
interactive communication process. Th_~ desi~er ~f a_tnll.!~~e!i!_~ ~ys_t;e_!ll __ 
'!!ill try_ to anticipate _all req_qests and _probl~IJ:lS. of th_e use!_ Ï:!J:.I!<lY@ç_~. 
Therefore the communication between the designer and user is 
non-interactive, although the user interface allows interaction. A channel 
between users is needed_to use it for direct human communication. What 
mUltimedia does is ~nÏarge the~t of tr@sf~!1!i>~~- q~!-a_S!> ~1,1~ _sytnb~ls 
can be described more pt_:~ci.se. The result can increase thé chance of a 
oorreet interÏ)rëtatiöiï of the data. Other users are reached though 
applications. .,.-- ? 
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4.2.3 Media types 
Some ideas are better presented visually, other will be more 
understandable if spoken, and sometimes text on paper is the best way to 
transfer data. The author that prefers data to be displayed in a special 
way should be enabled to express this preferenee to the receiver and even 
be able to restriet the receiver to a specific way of presenting. 
Nevertheless, human preferences play a role as welland the receiver 
~_Q__J!<!._rm_~JY- ~~-f!E!~ to select the_ preferr~d..<lt!;p~ay .<?r repll!Y..devica 
Therefore the computer will present data according to the data 
preferences, while continuous interaction with the user is maintained to 
select the user preferen ces, if requested. 

When more data types are used at the same time (for instanee sound and 
VideoT.c_~IDj)_~~~nêlöïi)~P.rovE!s:-Rësearch bas shown that using different 
senses at the same time causes no or little interference between them for 
humans, as long as no contradic~ng ~a~-~~!~~eiv_~Q~ 

Because data types have their own properties (size, ways to manipulate 
it), and because data must be interpreted by other applications, the data 
must either be structured and contain a clear syntax or be an object which 
carries-1ts öwn methods withln the data block. - - · ·· · · -~ ... ·---- --

~ ~ " . ·--

The following media types are distinguished from a technical point of 
view, this is the reason why a different distinction is made in section 
2.2: 

• Video data. This is full motion digitized or analog television like data. 
The choice between analog and digitized video does not really affect 
the presentation, but analog data cannot be treated as just another 
digital data type by the database management system. This means 
that special hardware (Analog video players and video to screen 
synchronization devices) will have to be added when we want to 
incorporate analogvideo data. Analog storage would be inferior ifthe 
message must be modified, because the message must be digitized 
before it can be modified by a computer. Transmission over a digital 
computer network would require the same digitizing step. An 
important property is the ability to retrieve a single frame from the 
video sequence and process it as an image. Another important ability 
is the possibility to select and vary the frame ~~<l- This is because 
video is demanding quite a lot ofbandwidth for the transmission, so it 
is important to adjust the amount of data to the necessity of the data. 

• Animations. These can be seen as a number of pictures that have the 
same properties. This means that animations can have a hierarchy of 
pictural elements. Important aspects of animations are the number of 
hierarchicallevels, bidden line removal, whether it is two dimensional 
or tree dimensional data, the number of frames per second and 
whether or not interpolation between frames is possihle. 

• Pictures. These can he 2-dimensional or 3-dimensional types (Three 
dimensional types can be viewed from different perspectives, 2-D 
pictures can not). They are built from sets of standard graphical items 
(lines, arcs, text, standard fill pattems) and can he zoomed in and out. 
Usually, the data in picturesis layered and grouped, so more detail 
can be offered on request. 

• Images. These are digitized photographs, represented by bit patte_r_IlS. 
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The main properties that define tbe fidelity are the resolution (the 
density of picture elements) and the number of available colors per 
pixel. If the color that is requested cannot be reproduced, due to tbe 
limited display capability, ditbering can be used. Ditbering is the 
approach ofthe color of a picture element by the display a number of 
picture elements that have the same color on average. 

• Sound data. This is a recording of audible (synthesized, voice, musical, 
signaling or environmental) data tbat is either digitized or in analog 
format. The main properties that define the fidelity of the sound are 
the bandwidth and signal to noise ratio (for analog sound) or sample 
rate and sample resolution (for digitized sound). 

• Textual data. This type can contain plain, unstructured text, or it can 
be a formatted text, structured in chapters, paragraphs, sections and 
references. 

• Annotation data. This is a recording of user activities on a computer, 
mostly mouse and keyboard activities. Annotation data can be either 
sampled and replayed in fixed time intervals or it can adaptively be 
sampled, according to tbe amount of events that are received by tbe 
computer. 

It appears tbat the computer resource demands ofthe media types vary a 
lot. Video data for instanee requires a large starage space and quick 
transmission. Images also require a large storage area, while the demands 
on tbe channel capacity are not critica!. Pictures, especially 3-D types 
require quick screen processing and sound data require a constant and 
small channel delay. Campression allow the starage and transmission 
capacity to decrease while the procession (decompression) capacity 
increases. 

4.3 Software consequences 

Choosing for multimedia means choosing for a number of software 
consequences, as is indicated in figure 4. We will discuss some of them 
bere. 

• The flexibility of tbe system to the data in- and outputs must be 
guaranteed to allow all media to be incorporated and transmitted. 
Having multimedia capability and not being able to transfer 
recognizable data to many computer systems is useless. Therefore, the 
applications running on different computer systems must be able to 
interact with other applications and convert data types to other types. 
Section 4.3.2 explores the subject of data exchange. 

• The display (replay) of a number of different data types on-screen at 
the same time should be possible hence a computer that offers 
multi-tasking capability is necessary. These computers are available 
today from a multiplicity of ven dors. The computer must have a lot of 
processing power to be able to deal with the vast amount of data 
involved with multimedia. 

• Since each data type bas its own special properties and possibilities, 
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two ways ofhandling the data can be followed: 

-- The handling of data can he done in an object oriented way. An 
object is a data element or a class of data elements containing 
instanee variables and methods that describe how it will respond to 
a message that was sent to it. Methods and instanee variables are 
not accessible to the outside world and the communication takes 
place by the messages ( Goldberg & Robson [27]). An example of an 
instanee is the number pi (3.141596 ... ). It belongs to the class of 
Real, a class that contains the subclasses Integer, Rational and 
Cardinal and is a subclass from Numbers. A message that can be 
sent to this number is to multiply itself with a given input, 
belonging to the class numbers. A message to which it will not 
respond is the request to return its length. 
This technology offers the possibility to let a data object carry its 
own processing tools (methods). Multimedia data types or objects 
will be discussed insection 4.3.1. It is not difficult to add a new 
data type, provided that the messages remain the same. 

-- All data have a clear and well defined structure and protocol, to 
make it possible for every application to use the data. This means 
that every application must have access to the record and playback 
facilities to handle present data types. New data types must inform 
all applications about this structure and protocol, so it is more 
difficult to add these. 

• To manage all representations of data, they must be stored in a 
multimedia database system, which allows the storage of multiple 
data types and large data structures. Multimedia databases are 
covered by section 4.3.4 

• The multiplicity of data types can be displayed or replayed in parallel, 
which means that the data types remain separated, but are shown at 
the same time. An extemal synchronization service can maintain a 
fixed synchronization link between objects, even when devices slow 
down a specific data type. Synchronization will he discussed in section 
4.3.6 

• If collaboration with other users is considered important, it implies 
that user activities must also be synchronized with multimedia data. 
Collaboration aspects will be discussed in section 4.5.5. 

Figure 5 is taken from the Digital Equipment Corporation Proprietary 
Wormation Disciosure (PID) [18] on the projected X-based support of 
multimedia. It shows that applications will make use of other applications 
and widgets (applications that have a single function and are widely 
usable. Examples are volume sliders and video player control buttons), a 
low levellibrary containing the basic operations for any application and 
tooikits intrinsics, giving extra programming aids. This library will use a 
database for the storage and a file server for a distributed data delivery. 
The server will use extra device drivers to get access to different physical 
media. 
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Device I Device drivers I 
Figure 5 MuHimedia computing environment 

4.3. 1 Multimedia data types 
Multimedia data types or multimedia objects are no simple elements or 
data. The definition presented here is taken from Dürr&Lang [21]. See 
also section 3.2.They define three concepts: 

• A medium is defined here as an abstract data type, whose structure is 
hidden for extemal users. 

• A single-medium object is an instanee ofjust one abstract data class. 
The object identity and media-specific operations are provided with 
the object. (Note: A video with encapsulated sound, without a defined 
relationship between the two is regarded as a single medium) 

• A multimedia object is a composition of a number of single-media 
objects, together with the specification of their interrelationships. Two 
kinds of relationships are distinguished: 

-- Structurally oriented: the hierarchy of objects is defined in these 
relations. 

-- Behaviaral oriented: how objects respond to changes of a related 
object is defined here. Synchronization, to name an example 
(section 4.3.6 deals with this subject) is a behaviaral relation. 

The step from simple data types to complex multimedia data types can he 
made evolutionary. Starting with a number of simple types, via 
simultaneous type presentation to synchronous presentation. Note that 
these definitions all presurne an object oriented approach to the data 
types. The same multimedia data types must he used by all applications 
via the database in which it is stored. 

4.3.2 Connectivity 
Data exchange between applications can he achieved only if the 
underlying subsystems treat the data the same way for both systems. The 
International Standards Organization (180) defined a model of an 
information system, containing seven abstraction levels for data transport 
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(Tanenbaum, section 1.4, [57]). lt is called the Open Systems Interconneet 
(081) model (Figure 6) and it shows that every layer appears to 
communicate with his counterpart, while the actual data exchange takes 
place via the previous and next layer. The consequences of multimedia for 
the virtual communication on each layer are discussed here: 

1 Physical layer: This layer comprises the physical connection. 1t must 
have enough bandwidth and an acceptable transfer delay time to 
transfer multimedia data between the systems. 

2 Data link layer: In this layer, the data transport format is defined and 
the network destination is defined. Data packets are exchanged bere 
in a specific sequence, without errors. The choice for packet or 
conneetion oriented exchange is made on this layer. 

3 Network layer: Here, the destination of data is defined. It establishes 
the logicallink between the processes by their process numhers. 
Connections between heterogeneous networks are made by this layer, 
so the network independenee of a multimedia system can he achieved 
he re. 

4 Transport layer: Specific system transport services and buffers are 
defined bere. For each connection, a network conneetion is created by 
the transport service. If multimedia display or replay must he 
network independent, the transport service takes care of the 
connection. 

5 Session layer: In the session layer, a processis supported by the 
operating system. Memory space is reserved and the server responds 
to the commands ofthe process to open and close subprocesses. 
Requests must he processed in the rigbt sequence. Synchronization is 
a task of this layer. 

6 Presentation layer: The presentation format of data is handled on this 
level. Standard formats (see section 4.3.2.1) are a task ofthe 
presentation layer. The presentation of multimedia types must he 
defined bere. 

7 Application layer: The data exchange between applications takes 
place bere. These are usually application specific. 

Most operating systems have the first 6 layers defined. The seventh layer, 
however is usually defined by the application, which is usually written by 
varying software suppliers. For multimedia applications, the protocol 
between applications must be defined. The presentation layer defines the 
format ofthe presentation, but the interaction between applications takes 
place on the 7th layer. 
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- - - ..,. Virtual conneetion + t Data exchange points between layers 

------------7 Application layer ------------ Application layer 

------------6 Presentation layer ------------ Presentation layer 

------------5 Session layer ------------ Session layer 

------------4 Transport layer ------------ Transport layer 

------------3 Netwerk layer ------------ Netwerk Jayer 

------------2 Datalink layer ------------ Datalink layer 

Physicallayer Physicallayer 

Computer system 1 Computer system 2 

Flgure 6 Open Systems Interconneet (OSI) model 

4.3.2.1 Standards 

A number of standards exist or are proposed for data types, compression of 
data types and network communication or are being developed now. 
Converting data according to standards is a task of the 6th layer of the 
OS I-model. 

1 Compression technology: 

a Video compression: Motion Pictures Experts Group (MPEG). This 
is a proposal for standardization of video. lt is doneon the basis of 
differential encoding of pixels between successive frames. This 
enables a large compression ratio, but makes it difficult to retrieve 
a single frame at random, since it depends on the previous frames. 

b. Images: Joint Photographic Expert Group (JPEG): This is an 
image compression standard, adopted by many vendors. lt is also 
used for motion pictures, because the frames do not depend on 
each other. 

c. Sound: ASPEC and MUSICAM are two sound encoding techniques 
that are used in combination with MPEG. The MUSICAM 
algorithm is expected to become the most important standard. 

2 Storage formats: Some document formats that allow the integration 
of several media types are under development. These document 
formats were initially meant to be used for document markup 
including images and text, but will be extended to incorporate sound 
and video as well. A markup language does not only contain the text 
and pictures, but also a description ofthe structuring ofthe document 
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in text chunks that can be chapters and paragraphs, user defined 
structures. Three important markup standards are: Open Document 
Architecture (ODA), Compound Document Architecture (CDA) and 
Structured Generic Markup Language (SGML). In SGML, a standard 
called Computer Aided Logistics Support (CALS) containing a 
hierarchy is proposed by the Department ofDefense ofthe United 
States. lt has become a standard for structuring documents, which 
will probably be adopted by ESA for their system documentation as 
well. 

3 Data transmission standards: The most used industrial windowing 
data exchange protocol for workstations at the moment is the Xll 
protocol. The Xll-protocol is capable of transferring high level 
messages to rnanipalate windows and their contents. It is designed to 
be extensible with other protocols. A proposal has been made to add 
an X Image Extension (XIE) to add rendition, compression and zoom 
functions to the Xll protocol. Video extensions have also been 
proposed, but neither of the two have been accepted yet. A proposed 
audio extension has been rejected. The effect of a standard is that the 
application layer is relieved from some data management tasks. 

4.3.3 Data conversion 
Conversion of a data type to another is not possible for all cases, nor is it 
always useful. In every conversion step, some of the data from the original 
message is lost, since the data domains do notcover each other completely. 
U sable and feasible at the moment is the conversion of a data type to a 
similar type. The following are possible today: 

1 Text to speech conversion or speech synthesis. This has advantages if 
textual data is to be received but people already use their visual 
senses for other tasks. This synthesized speech does not contain vocal 
information, because a computer is not able to interpret a text yet. 
V ocal information can be included afterwards by man. An example of 
vocal information is to normally use a friendly female voice for normal 
procedures and loud male voice for emergency procedures. 

2 Speech to text conversion or speech recognition. Examples of uses are 
the recording of conversations or voice commanding. Speech 
recognition systems can be either speaker independent or trained for 
a specific speaker or set of speakers. 

3 Video (or image) to animation (or picture) conversion or vectorization. 
Automated conversion is possible, but the removal of useless details 
and the addition of a hierarchy is still manual work. This conversion 
is usabie for large data reduction and adding levels of detail to a 
video. 

4 Animation (or picture) to video (or image) conversion or bitmap 
conversion. This conversion is usabie for display and video editing 
purposes. 

5 Visual to audio conversion has proven to be interesting for the case of 
turbulence (Blattner [7]). Blattner's research showed that some 
phenomena can be interpreted better if a sound representation of it is 
used. A polyphony of two parts, one representational and one part 
containing messages is proposed. The variables speed, density, and 
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volume are audiolized in the representational part, while the 
messages provide specific information. 

4.3.4 Database issues 
Extending a database for multimedia support is more than just adding a 
new data type to an existing database management system. The 
properties of multimedia data differ from plain textual or pictural data. 
Most of the input from this section comes from Riley et al. [ 4 7] 
The functionality of this multimedia database must cover the following 
topics: 

• Standard database functionality (fetch, copy, move and insert 
commands), applied to text (structured or unstructured) and BLOBS 
(Binary Large ObjectS; they contain unformatted data, lik.e sound, 
programs and video data). Since a BLOB can contain unstructured 
multimedia data, any data can be stored in it, even data types 
unknown to the database. All that is needed for the display or replay 
of the data is a server, the database itself does not need to be modified. 
When a data type incorporates a structure (a picture or formatted text 
for instance), it is better to store it as a separate data type to feature 
queries on this data structure. 

• Perform queries in at least three different ways (Dürr et al. [21]): 

- Associative search: the data needs to be structured in a Hypertext 
way. Hypertext representation will be discussed fu.rther in section 
[4.3.5]. See also figure 7. 

Structural search: data is searched following the object hierarchy. 
(A class, which is an element in a superclass, contains instances. 
An instanee can be found by selecting the appropriate class from a 
superclass and then selecting the intended instance). 

-- Navigational search: the search is performed using the visual 
representation of the data structure. 

• Use ofstandardized compression and decompression techniques (see 
section 4.3.2.1) on large data objects (See section 4.3.2.1). 

• Support of user definition of composed media types. 

• Support of different relation types. Examples are: 

-- Temporary: a relation remains valid until a date bas expired. An 
example is: Object George Bush is related to Object President of US 
until...) 

- Conditional: a relation remains intact, providing that ... 

-- Local: a relation is only valid in a specific context. 

• Definition of tables that contain the above mentioned data types. 

• Support of conversion of data formats between similar data types (see 
section 4.3.2.1). 
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• Support ofusers that want to workon the samedatabase element at 
the same time. Database systems available today simply loek an 
element when it is being modified but the collaboration aspect (section 
4.5.5) demands the possibility of multiple access to the same element. 

4.3.5 Hypertext 
A lot of the ideas in this section are taken from Horton [31], Grice et al. 
[28], Bernstein [4) and Rubens [49] . .tlypertext is a way of conne~g text 
modules te? 011e another, thU_s l).llowing associa~y~--~Q~s_ip.g. In its original 
form, it was meant to link plain text elements, using binary links (one 
source, one destination). Current implementations use other data types as 
well and allow for more flexibility in the linking. (See also section 4.3.4). 
An example ofbasic Hypertext is given for catsin figure 7. Binary links 
link a single souree to a single destination. Data can he searched for by 
association. In the example: Natural enemies ofthe cat can he found by 
the data chunk "related animals", a topic which can he reached by the data 
chunkCATS. 

Figure 7 Hypertext s1ructuring 

4.3.5.1 Actvantoges of Hypertext 

Natura! enemies 
of the cat 

Cat specific 
properties 

Habits of the 
dornestic cat 

Advantages of Hypertext representation over a normallinear text or 
traditional databases are: 

Figure 8 Hypertext structuring in levels of experlise 

Experts 
level 

1 An object of interest can be approached in steps in a way, selected by 
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Figure9 

the user. 

2 No query languages need to be learned to be able to retrieve data. 

3 Only the data that may be of interest is requested by the user. 

4 A Hypertext can be written for severallevels of expertise. In figure 8, 
two expertise levels in a Hypertext structure are depicted. 

5 The reader decides the sequence in which to read the information, so a 
power shift from writer to rea..c:le.r occurs. - "----~--~,--·· . . . 

6 By changing the web structure or superimposing a structure op top of 
a present web structure, while using the same data chunks, the 
Hypertext can be presented to a different audience. Figure 9 presents 
four structures. The ring structure is usabie if all topics must be 
visited in a fixed sequence. This gives no freedom to the user and is 
usabie for a tutorlaL The web structure is usabie if several aspects of 
a central topic are discussed. This approach highlight the relation of 
the details to the main topic. The tree is usabie for browsing through a 
hierarchical structure. The grid structure can be used to conneet a 
number of ring structures. This approach gives freedom to the user in 
selecting a ring, while the ring structure itself provides a fixed 
presentation. 

7 Hypertext can be more convin$g, compared to normallinear text. 
Wllléhis-interesting if p~-~~~~~<>.~ is the objective of a presentation .. 

Grid (tutorialln blocks) Web (home-based searcb) 

Ring (tutorial) 

Structuring Hypertext for various use 

4.3.5.2 Disadvantages of Hypertext 

Plain Hypertext is not always the best way to provide data. Horton [31] 
mentioned a number of situations in which Hypertext is less eff'ective 
compared toother documentation. On-line articles of~enera.l inter~ and 
P!Ogram listings are better understood in linear ways than with Hypertext 
represèntations. A database containing a document is more effective than 
the Hypertext version. Furthermore, the following disadvantages exist: 

1 lt is easy to ~~~~-y~ur.way in the data structure. This can be 
overcome by ~rin_g_~~~~ed path~ within the data web. Readers 
can divert from this path, anà get back to it again. 
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2 A computer is nee<!_e._g_~ read Hypertext data. Hard- and software may 
cliïiflge-over time, so after an upgrade, the document might not be 
readable anymore. 

3 Binary links do not offer a way to get back to the previous item. Since 
binary links link from one souree to one destination, a second link is 
needed for the way back. 

4 The links cannot have a specific prop~rty. nor do they indicate the 
type ()frelatiQnbetwëeii-text chunks. 

5 The structuring of data is not automatically logical to anyone, because 
it is eniered by a person who might have a different idea about the 
logic of connections. 

6 lt becomes difficult for a writer to produce a text with a consistent and 
logical structure when ~~l_read sequences exist. Every read 
sequence has to be tested. 

7 The ~!l_g_!!e._quence_ of a Hypertext is unpredi~]:)le, which means 
that presuming that the reader hlis some knowledge from the 
prev1ous-ëïiapter-is not possible. 

8 Readers research showed that readers that use a converted manual 1 

are slower in finding answers to problems than people that use a 
normal manual (Rubens [49]). 

Some issues have already been taken care of but the proposed solutions 
are not real Hypertext solutions anymore. The navigation problem for 
instanee is one that bas been studied. (Bemstein [4], Horton [31]). This 
can he overcome by offering different structureel paths within the data 
web. Figure 9 shows some of the Hypertext link structures that can he 
used. A solution to the 'getting lost in Hyperspace' problem is to allow the 
reader to divert from this path, look for a specific topic of interest and get 
back to the path again. The structure and part of the content of the data 
chunks in the neighborhood of the correct topic can he shown, to give the 
user a better orientation. 

4.3.5.3 A derivative: Hyperinformalion 

Hyperinformation is a concept that is derived from Hypertext (Rayner 
[50]). It is a way to let applications conneet to each other. The data chunks 
here are the applications that contain the data that one lóolis for:'lt IS nö-
Hypertext anymore, smce.tlie sm8nest ëhunks are no longer single 
concepts but are applications that display data in a window on the screen. 
The chunks can invoke other chunks. 

4.3.5A Hypermedia: Hypertext a multimedia 

The extension of Hypertext with multimedia objects is often called 
hypermedia lt can he the basis for the presentation of multimedia 
documents, espèclruly if object orientation concepts. are used (Dürr & Lang 
[22]). In more general terms, it can he the basis for o_n~lme c:lo<:umenta_~on. 
Reasons why people prefer paper dociiments above on-line versions are 
given insection 2.3. Hypermedia can overcome some ofthe disadvantages 
and add extra possibilities. Since screen displays allow only few text to he 
displayed, aud!_})le_,__yi~~ li!lc:l pi_çtoria.J d_a.ta, <:.all_e~_I!d th~_:r:e._pl_ay 
capability of the system. Hypertext structuring can solve the disadvantage 
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ofthe absence ofnavigational information in normal on-line texts. 

An important factor is that the user_i~ a})_le_~-~~J~çttb~_r~quire_d m~cli~-
and data types. To accomplish this, the data must be stared in a structure. 
·All alternative .. is a sequentia! presentation of data with limited selection 
choices. In that case the chance exists that the reader will either consider 
the presentation too slow or too fast. To avoid this, it is advisable to let the 
user make this choice. 

Since a Hypertext is difficult to write, it is more probable to provide a 
normal text with links to references, more elaborate explanations and 
pictures or other data types. Multimedia can possibly serve the navigation 
between data chunks, but can also aid in replacing the text blocks by more 
comprehensive data, like voice, video and audio data. An example: A 
description of a subject is given using text. Ifthe reader, however wants to 
have a more vivid comprehension of the subject, a video sequence can be 
shown. 

4.3.6 Synchronization 
The synchronization can be provided by the network (hardware 
synchronization, see section 4.4.2), it can be offered by the system services 
or it can be provided by the application itself. Mullender [41] states that, 
in combination with fault tolerant networking, a fixed synchronization can 
be obtained on a distributed network. In this case, occasional packet losses 
can be accepted in exchange for the maintenance of the synchronization. 
If ~ynchr_o~tJ.()n ~c:J.-~cket seçurity are.!elat~, it will be possible to 
give emphasis to the importsnee of either one. An example: the 
synchronization of two sound clips must be very tight, due to the risk of 
audible interference problems. On the other hand, a meaningful message 
can be received, even if some samples are lost. Text subtitling, on the 
other hand, needs only a loose synchronization to the sound it belongs to 
(shifts up to 0.5 second are allowed), while all data packets are necessary. 
The same applies to the synchronization of audible data and video. 
Therefore, the data objects must contain an indication ofthe importance of 
these two variables. 

4A Hardware issues 

A number of technological issues dealing with the management of the data 
exist and will have to be worked out to make multimedia technology 
applicable to a larger audience. The first bottleneck is the P.I."~C.~S§j.Qg 
capacity of the computer, the second is the capacity of the network that 
èonnëèts the users. . . ------- ----

4.4. 1 Processing capacity 
One can imagine that sending multi-sensory data over a transmission line 
will involve a larger amount of data, compared to the transmission of 
textual data. To process pictural data on a real time basis is quite an effort 
for the computer. To deal with sound, the computer system should be 
equipped with a digital signal processor and sound generation capabilities. 
For video processing, samQle and hold devices are necessary, because real 
time digitizing of video (this meails5o fraiDes per second) would involve 
too much processor time at the moment. The computer will need a very 
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fas~ ~ata bus and separate devices that can access the main memory 
autonomously, to relieve the central processor from this work. This 
includes grapbics accelerators and video processors that can handle the 
video frame data and disk devices to- acc-ess the data in memory quickly. 

4.4.2 Network capacity 
To get a reasonable performance of the network it is important to have 
fast transmission lin~s and fa~t ngg~~ that process and redirect the data. 
Some ofthe issues discussed bere are taken from Mullender [41]. To 
transmit a PAL video signal (Normal European broadcast quality) 13 
MBitis transmission speed is needed. Compression technology for current 
video conferencing systems (Philips system) allow for a compression factor 
of9 so the transmission bandwidth needs to beat least 2 Mbitis. Normal 
Thinwire Ethernet capacity is 5 Mbitisec., Thickwire Ethernet goes up to 
10 Mbitisec. Both values are theoretica! and what can be achieved is about 
3 resp. 6 Mbitisec. This means that these network standards are not 
usabie to transmit reasonable amounts of multimedia data, even ifit 
would be encryptedl decrypted to a large degree. The Fiber Distributed 
Data Interface, (FOOI) fiber optical network can transmit data at 100 
Mbitisec. and thus will be capable oftransmitting larger amounts of 
multimedia data in real time (Kempf et al. [33]). Still, compression 
technology will be needed, especially when high definition television 
signals will have to be transmitted. Mullender [ 41] proposes on-the-fly 
encryption and decryption for the transmitted data. Another problem is 
how to maintain the synchronization of application connected but 
separated data types. Ethernet offers only asynchronous communication. 
A token ring is suitable for real time applications and allows synchronous 
transmission but is relatively slow. FDDI however, offers the possibility of 
isochronous communication (guaranteed delay time or 'hard' real time), 
synchronous (approximate guaranteed delay time or 'soft' real time) and 
asynchronous links. Mian & Rasmussen [40] propose to incorporate 'hard' 
real time and 'soft' real time for isochronous communication and 
application linked communication respectively. 

Although quick channels allow the transmission of space consuming data 
types, it will be worthwhile to consider local storage of large data objects. 
The updating of the local storage areas can be updated with each change. 
Another aspect that should be taken into account are the varying demands 
ofthe different media types on network, processing and storage capacity. 
The requirements of video data are high, as far as processing, inputJoutput \\. 
transfer rate and storage concern. Audio requires a steady and short 
channel delay. Pictures and images require much processing and storage 
but no fixed channel delay. ' 

4.5 Multimedia applications 

The possibilities in which multimedia is usabie as a productivity 
enhancement tooi are quite extensive. A reference used bere is Naff'ah 
[ 42]. The choice of the descriptions given bere are limited to those that 
make a fu.ll use of the concept of multimedia. This means: 

1 Interactive to the user. 

2 Groupworking aspects are incorporated (broadcast, application 

Multimedia technology : 4-15 



sharing). 

3 Multiple (complex) data types. 

4 Alternative presentations available. 

5 Multiple tasks at the same time are allowed. 

The applications discussed here concern: 

1 Desktop productivity (section 4.5.1). 

2 Direct manipulation interface approach (section 4.5.2). 

3 Direct communication (section 4.5.3). 

4 Training and education (section 4.5.4). 

5 Collaborative work (section 4.5.5). 

6 Presentstion (section 4.5.6). 

7 Interpretation (section 4.5. 7). 

8 Decision tools (section 4.5.8). 

9 Examples from space research (section 4.5.9). 

4.5.1 Desktop productivity 
The applications that will enhance the desktop will be add-ons to stsndard 
applications, like wordprocessors, spreadsheets, databases and calendars. 
Multimedia can be used as a navigational tooi. Spoken navigation 
commands will be recognized by the system. The computer will have a 
help utility that shows how to work with the application and williet the 
user select either textual or spoken help. Navigation through and between 
applications will be supported by voice commands. Pictural descriptions 
will show the navigation between applications. Assistsnee from the 
computer will be composed of annotational data (mouse movements and 
keyboard actions), animations and voice support. Assistsnee from another 
human will be composed of an audio visual channel and annotational data. 
Enhancement ofDMI (See section 4.5.2) commands and responses with 
sound and animations can increase the functionality of desktop 
metaphors. 

4.5.2 Direct manipulation interfaces 
Multimedia can play a role in the application of direct manipulation 
interfaces (DM!), (Hutchins [32]). In a DMI, one does not teil the computer 
what to do with an object, but manipulates a roetaphor of this object. 
According to D.A. Norman [43], ~wo gapsexist ~~~~e11 ah~~Jl . .and.J:he.. 
computer's physiça]_~.Y~~l!l. One gap1Sbef.veen the human goals and t.!!_e 
maëliine, the other is between the machine status and thélïWiian_______ :? \ 

perception_ofi!. To overcome the gap between goalsandphyslëal system, 
intentions must be recognized or anticipated by the system and converted 
to actions, which must be interpreted by the interface mecliariisin. To 
overcoine the gap between physical system and the user, the interface 
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mechanism mu~ display data to the use_!J which must be interpreted and 
evaluated. In a 0111, tiië-userlnteraction is pèrformedbymanipulaÜng - . 
objects belonging to a consistent system on the screen, instead of giving 
text commands. An early example of a DMI is the desktop metaphor of an 
Apple Macintosh computer in which icons for files can be dragged from a 
window to another one. Norman [ 43] argued that both novice, experienced 
and occasional users are served by these DMis, and that fewer error 
messages are needed. To make a DMI effective, the metaphor of the 
workspace with its objects and manipulators must be consistent, direct 
and predictable. Multimedia can expand the metaphors' expressivity ofthe 
appearance and responses. 

4.5.3 Direct communication 
Direct human communication can be divided in: one to one communication 
(conversation), many to one (consulting), one to many (broadcasting) and 
many to many (conferencing). 

One to one direct communication can be enhanced by using a video and 
audio channel, an electronic eh alkboard ( which means a shared screen 
area which can be written by both at the same time) and a kind of 
electronic faxing (private bitmapped notes, with an optional write loek to 
prevent it from being copied). 

Electronic mail, which is non-direct, will be served by adding voice, linked 
to an annotation process and possibly by added video, images and 
graphics. This can be provided as an enhanced facsimile service that 
allows the extraction and re-use of data from the facsimile message. 

Broadcasting will use an audio-visual broadcast channel with an electronic 
chalkboard, accessible to anyone. 

Conferencing and consulting will very probably be a non-direct process, 
which means that every user will write notes. The conference will have a 
directory, where everyone can enter hislher personal data, using a 
videoclip or picture and voice or text. lt is very well possible that 
communication will be limited to text, pictural and annotational data, 
because it facilitates the composition of the message, which is necessary 
because ofthe slow feedback. 

4.5.4 Training and education 
An indi~dual approach in training is beneficia! for th.~ ~tU(lent'sr~sl.ll~~ 
~)mitivation (Duncan [20], Änelli [2]). The interactivity of a multimedia 
training system provides the possibility of self paced learning. Although 
individualleaming is useful, computer assistedtrainingWillb_e_more 
~ff~ct;iye when group workingIS allowed~- (Blakowski et. al., [6]). Ati . 
organization can build a library of training modules and build new ones, 
based on parts of old modules. The trainees are served by practicing their 
modules as groups, where a student can ask help from a colleague. 
Training will incorporate the possibilities of logging the user actions and 
storing them for later use. A quick overview of the modules that have been 
finished already will be useful for students that had to interrupt course for 
a while. Multimedia plays a role in the allowance of users to work together 
on the same data type, the logging of user actions and the interaction 
between users. A third use of multimedia is that it allows simulations to 
be a part ofthe training. Section 3.3.1 shows some research on multimedia 
for training purposes. 

Multimedia technology : 4-17 



4.5.5 Collaborative work 
Reference data for this sectionis derived from Blakowski et al. [6]. 
Groupworking will be important for a number of tasks. One of the most 
obvious on es is gro~pworkiJ1g_ foJ' _ educa~ional P11Jll9Ses. It has been shown 
that it i_s_ usef\!].~ve problems cooperatiy~_b!!caus.e.m_l.!~--!l!...O!~J~--
learned, compared to the individual approach. To do this, users must be 
affowe<rfO-crc> the.röiïo-Wing ·uïlngs: --· · · -- -· 

• Get access to the same application that another person is running at 
that time. This is not difficult to perform, it is enough to duplicate a 
process. It is difficult however to synchronize the processes. 

• Get access to a data type that is already in use. This can be managed 
as follows: either permanent updating ofboth user activities to the 
other, or giving each user an own copy and merge the results when 
they are finished. Both ways give severe consistency problems and this 
problem is difficult to solve. 

• Transfer of user activities to another user. We can think of copying all 
mouse and keyboard activities to the application of another person, or 
just getting the data of what the other person is doing at the time. 

The organizational structure of a collaboration network will allow the 
users to consult others in a group, conneet to other groups and request 
services from a teacher of system. 

4.5.6 Presentatton 
In a presentation the goal is to inform a possible large audience about a 
subject that can be unknown to them. Individual adapted presentation is 
usually not possible. Hence, a lot of explanation and even redundancy in 
the presentation is required to avoid incomprehensibility. Because this 
redundancy can easily bore the audience, the designer of the presentation 
will use interesting elements. Multimedia allows the presenter to show the 
facts using different data types, thus maintaining the attention of the 
audience and increase their insigbt in the issue. If all data types are 
stored separately, it is possible to replace the text and voice data by those 
of another language or those for another audience . If the audience is not 
experienced, the message can be explained more elaborately and the 
technical jargon will be omitted. If re-use of a presentation is a 
requirement, a complex decomposable data type will be very useful. 

4.5.7 Interprelotion 
Interpretation of data can be enhanced ifthe data can be presented in 
another way than the usual one. Blattner et al. [7] give an example of the 
presentation of turbulence to the audial channel. Some aspects from it can 
be 'audiolized' and interpreted better than a visualization. With 
audiolization, Blattner means the transfer of a phenomenon, like in this 
example turbulence, into a sound presentation. Another example origins 
from the medical world. Patients can be examined by taking Magnetic 
Resonance Imaging (MRI) graphs or Computer Aided Tomography (CAT) 
scans. The results from these (two-dimensional) pictures can be combined 
to make a 3-D model ofthe body, leaving out the unwanted details. This 
provides the doctor with a clear picture on the medical condition of the 
patient. Processing and modifying pictures with a computer is easier than 
processing photographs. To make an animation by displayinga number of 
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pictures can be very helpful to decide if the changes over time are normal 
or unwanted. 

4.5.8 Decision tools 
Decision tools will present the necessary data to allow someone to take a 
decision. The known consequences of a possible decision must be 
simulated by the tooi. Decision tools could be enhancements of the normal 
spreadsheet programs where 'what if questions are answered. When 
designing the simulation one should keep in mind that the fidelity of the 
multimedia presentation should be equal to or less than the fidelityyfthe - t1JV- f ,· ,A.t'' u 
simulation model. If not, the presentation suggests more converrtêîice than 
is justified. Multimedia is meant here to give more insight, not to persuade 
the user. 

4.5. 9 Examples from space research 
In Craig et al. [14], an example of the assistance of multimedia support for 
expert systems is given. Hypermedia is used here for controlling the depth 
of explanation of the compiled knowledge, since the computer must be able 
to explain why he has selected a specific solution. Not a lot of real 
multimedia support is given, only static pictures and animations are 
allowed. According to the interview results (Appendix D), a video link can 
be effective to enhance the normal telephone communication between crew 
and scientist. A smart implementation of a video link is the Grapbic 
Command Overlay System (GCO), used within ESTEC. lt consistsof a 
telephone link that connects two video disk players. When one video 
player accesses a specific frame, the other player gets the same disk 
control data and searches for the same frame on its disk. This telephone 
link is also capable of transferring annotations and drawings from one 
person to the other at the moment they are made. 

4.6 Conclusions 

If multimedia technology is used for direct human communication, not 
only explicitness increases but the role specific (implicit) communication 
benefits as well. ElectTOnic mail, conferencing systems and video 
telephone are examples of enhancements ofboth the implicit and explicit 
communication. A multimedia presentation system is an example of a 
communication system where the explicit communication is enhanced to 
overcome the disadvantages of a non-interactive process. Other 
applications for multimedia will increase the human insight of the data 
presented. Several data types are supported in a multimedia system. The 
classification in technica! data types, as defined in section 4 and in data 
types from a communicative point of view, as defined insection 2 show a 
large overlap. When choosing a data type for input or display, one should 
take into account whether the subject is described easily with a data type, 
if the human perceptive channel is overloaded and what the perceptive 
properties of a specific data type are. 

A multimedia object is a composition of several independent data types, 
tied together with possible complicated structural and behaviorallinks. 
The storage and retrieval aspects of the multimedia data can be a task of a 
multimedia database system. Standard database systems can be extended 
to incorporate BLOBS, objects that contain data without structure to the 
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database. BLOBS can contain multimedia data, programs or other data, 
not supported by the database system. After the systems gained the ability 
to extract structure from multimedia data, storage in a separate data type 
will be added. Data re-use is possible if data decomposition is featured and 
a lot of couverters exist to change the format of one data type into another 
format or even another type. 

Conversion between data types is an important feature that allows 
freedom of display to the user. Although conversion steps will result in an 
inevitable loss of data, it is useful to have the conversion option. 

Hypermedia representation of data is suitable for on-line documentation. 
lt evades the problem of a small display capacity of a computer screen by 
using other data types and the associative search methods it offers, allow 
the reader to navigate through the data he looks for. Both the objects and 
the links of the Hypertext model need extended definition. Links will not 
only point from souree to destination, but also back, to enable the user to 
return. The links will incorporate the type of conneetion (structural and 
behavioral) between the data objects. The objects can be arbitrary large or 
small, and will contain several data types or applications. The base 
structuring of the Hypertext can be extended with a top structure for 
tutoring, exploring or summarizing of the data. 

From a teehoical point of view, multimedia can only be exchanged 
effectively if a wide acceptance of the complex delivery platforms exist. 
The ISO OSI model contains a useful set of interface layers to implement 
standards for data exchange. Qualified delivery and authoring platforms 
will be mul ti tasking systems with a lot of data processing power. The 
distribution ofheterogeneous data types over a network should be done 
with some care. The network capacity should be large and support packet 
and conneetion oriented services but it will still be possible to overload the 
network. Therefore, large files can be stored on several places on the 
network, and updated when needed. Compression technology offers the 
possibility to exchange between heavy processing and transmission 
requirements. If compression and decompression is done by special 
dedicated devices, it is possible to deliver complex data on relatively 
simple hardware platforms. 

The necessary channel transfer rate and type of transfer (packet or 
conneetion oriented), processing and input and output requirements of 
data can be contained in the multimedia data in order to enable a smart 
data scheduling of the data transfer on the network. 
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5 
--------------------~----~------~--------~------~~------~~-The Columbus paylc:,ad lifecycle 

5.1 Introduetion 

In the ESA Columbus project, the word "payload." stands for an 
experiment or a facility containing an experimemt, that is performed in 
space. Three categones ofpayloads exist: 

1 A sample type payload having some interfac e!S to the instrument or 
facility. 

2 An instrument type payload or facility, capa bie to perform an 
experiment. 

3 A multi-user facility, containing several exp e riments samples. 

A facility is the hosting equipment of a payload mrmple that takes care of 
temperature maintenance, measurement units, power supplies and other 
housekeepingfacilities. A payload can be operau~td in a complex facility or 
be accommodated in its own standalone or multi -1user facility. The lifecycle 
is the sum of all processing steps from concept w n til an optional reflight. 

Development & .verification 

C 
/'·t. . In~~~ration & tests 

onc.' ep ~\. 

Refli ht · ·" .... s.... ..... . l ~1~r 
. . c:lrew preparatien 

De-tn .egration i, .. 
~ }.~. 
~ ' 

Operatien .,,df 
~ Plann:ilng 

Figure 10 Payload life cycle 

Multi-user facilities will probably be built by large consortia that have 
already a lot of expertise in space research. A lot. •of the work for this 
facility is not visible for and not controllab Ie by 1 ~SA Besides that, the 
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user support for these consortia will be on an incidental basis and no fixed 
user familiarization infrastructure is needed fo r them. Therefore, the focus 
during the payload investigation was on the small facility payloads, an 
ESA multi-user facility and the sample type of payloads. Based on the 
interview results in appendix D and a literature review, a description of 
the payload life cycle is given. In this chapter, t;he different payload 
processing steps and parties that process the p:ayload are described. The 
literature used to write this sectionare references [1], [11], [13], [19], [55], 
[56], [58] and [59]. These are internal ESA reports descrihing the 
organization for Columbus and earlier flights. The rough phases that 
apply to a payload are given in Figure 10. The ]phases of the actual life 
cycle are not separated as sharp as described h ere, nor is it as sequentia! 
as is suggested. The phases are actually done im parallel when possible. 
The differen~ phases will bedescribed more elaborately in this chapter. A 
number of acceptation procedures will be similar to those from the 
spacelab missions. The organizational structur•e and procedures are 
described in appendices A and B. 

5.2 DE~scription of phases 

.si.2. 1 

The phases that are described in this section are depicted in schemes. The 
actual data flow that is describes partly resembles the structure for the 
present spaceflights, especially the IML missio:ns. Part of it results from 
the references [11] and [19], partly from the interview results. The parts 
that have not been defined are proposed by the author. These parts 
contain all flow diagrams and the recommenda tions, unless specified 
otherwise. The type of output, indicated in the ,gray reetangles in the flow I 
diagrams is the output as it is implemented today and foreseen, mostly 
without multimedia communication systems. VVhen the impravement of 
the communication process is discussed for eaclh phase, alternative 
multimedia communication is proposed. Wherever the term ·~oad hook' 
is used, an electrooie database containing the final version of all 
multimedia documentation is meant. 

Electronic documents have advantages over paper: it is easier to \ 
transport, storage takes little place and revisio:n is possible. If the indexing 
ofthe database in which it is storedis well defined, the document is also 
easily found. Also a number of disadvantages af on-line documentation can 
he mentioned. A computer is needed for the display, the readability is 
perceived poor, quick lookup and browsing are often impossible, a user 
interface must be learned which is not always user oriented and the 
believed security of on-line data is not as good as paper documents. 

Some of the before mentioned drawbacks can be overcome and extra 
functionality can be added to on-line documentation to give it an 
advantage over normal documentation. Partial hyperstructuring is a I 
powerful feature of electronic documents. Multimedia and the possibility 
to link applications to data is another advantage. 

Conceptual phase 
The conceptuai phase starts the payload life cy•cle. lts purpose is to get the 
users acquainted to the ESA organization and 1the possibilities that space 
research offers. The goal of this phase for ESA is to select the right 
experiments for the next space flight in existing facilities and decide if the 
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proposed payload facilities are useful and acceptable. 

5.2.1.1 Description 

At the moment, the payload life cycle for Spacelab experiments normally 
starts with an Announcement of Opportunity (AOO). ESA expects that 
this will not change for Columbus. The AOO is the start of an acceptance 
procedure for new payloads and is accompanied with the final date at 
which all payloads must be accepted, and the announcement of a meeting 
to exchange ideas about scientific demands and technica} possibilities. Any 
scientific organization can propose an experiment. The outcome of the 
phase is a proposal for a payload. This proposed payload can be a part of a 
payload facility (Biorack, for instance) or it can contain its own facility. 

5.2.1.2 Communication 

The conceptaal phase has proven to be a very interac~~~ and 
requires a lot of meetings. Every country will have a separate U ser 
Support Organization (USO), according to the description insection B.2. 
An AOO will be issued by the European USO, while the meetings and 
discussions conceming this AOO are held in the national USO. This will 
probably mean that each national USOC will host a payload scientist for 
the meetings with the Principal Investigators (PI's). It is shown in section 
B.2 and B.4 that the national USO will consist of scientific oriented 
support given by a Scientific Centre and operational and facility oriented 
support given by the U ser support and Operations Centre (USOC). Local 
scientific support impraves the communication between the scientific 
community and ESA, but it introduces an extra communication level in 
the ESA structure, namely the level between the national and the 
European organization. 

In appendix B.4.1, two types ofusers are distinguished, the inexperienced 
facility users and the experienced direct users. This difference will be 
taken into account for the conceptual phase. When an AOO is issued, a 
facility user will have to get acquainted to the procedures and the 
terminology of ESA The USOC will aid in this familiarization process. 
The meetings for the first exchange of ideas and the mutual introduetion 
will also be at the USOC, attended by both user groups. The science 
eentres will probably form the peer groups that select payloads, based on 
their scientific relevance. In figure 11 the activities in the first phase are 
described. 

5.2.1.3 lmprovement of the communication process 

The introduetion of new concepts to the payload developer can be a 
difficult process, since the Columbus space environment will be complex 
and unfamiliar to a novice user. Hence, a task of a USOC is to familiarize 
the users with the Columbus infrastructure. This can be done by a small 
agency that offers printed material, videos and a help desk that knows 
where to find the data. The multimedia solutions for this phase will 
require a lot of visual, possibly pictorial data. But since the social roles of 
the space community and the new user will not yet be familiar and 
multimedia documents do not offer the required interactiva 
communication, the help desk and meetings with other users will be more 
helpful in familiarizing the new users, since these services offer the 
required interactivity. Since a lot of discussions will he necessary, 
multimedia mail, phone and conferencing systems will be an alternative 
for normal meetings. An extra advantage of on-line communication is that 
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the meetings can be stored, so every user retains not just a summary of 
the meeting, but the complete meeting as well. The documentation centre 
can process the meetings and include only the relevant parts 
(summarizations, for instance). The proposal itself can be issued including 
video and other multimedia data, and be composed for the acceptance by 
the peer group. The composition of the data to a full multimedia chapter in 
the payload hook for the crew can be done following the acceptance. If the 
user has no authoring tools available, the composition can be done in the 
USOC, by the user or the documentation centre. Since each USOC will be 
specialized in a specific ESA payload facility, they can give no direct 
support for other facilities. Therefore, the USOCs will maintain a shared 
database that contains introductory data on all payload facilities. This 
database will contain video recordings of payload operations that have 
been executed, documents that contain the specifications of the facilities 
and drawings. This data will be useful for the introductory phase. Copies 
of the actual facilities are affered in a specific USOC. The scientific eentres 
will answer scientific questions about a specific space related discipline. 
The first question will be if the proposed experiment is feasible and 
acceptable for ESA, the second if the use of one of the Columbus 
laboratones is really necessary. An alternative is to use parabolic flights 
(a special airplane making parabolic shaped nose dives, so that 20 second 
of microgravity condition can be simulated). Another alternative is a 
dropping tower (A tower with vacuum conditions, that creates a few 
seconds of microgravity for falling objects). 
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A third question will be what scientific equipment is needed. To show the 
possibilities of dropping towers, video data will be usefu.l. Both the USOC 
and scientific centre will reuse existing video material from earlier 
experiments. As tigure 12 shows, the content ofthe proposal will be read 
by the payload scientists, the scientific peergroup, sometimes a payload 
facility designer and the project scientist of the facility that will host the 
payload. This means that it is usefu.l to enhance the readability ofthe 
proposal and allow text, sound, video and graphical data in the proposal. 
Since most scientists will not have the equipment to create these, the 
USOCs might either offer the authoring equipment to compose a 
multimedia document, or let professional authors create this document 
from the material delivered by the PI and add it to the payload database. 
It will not be necessary to let a documentation centre prepare it in this 
phase, since the payload proposal will be a "living document', and be 
modified often, but one person should be responsible for the maintenance 
of the revisions. It is important to reuse the components, so they should be 
incorporated in the database. 
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5.2.2 Development, verification and integration phase 
After proposing a payload, as shown in tigure 11, the sample or facility 
enters the prototype, verification and integration phase. The phases are 
discussed as a whole, because the verification steps integrate the phases of 
prototyping and integration. The verification takes place on the following 
levels: instrument or facility level, integrated payload level and system 
level. lt is a Columbus policy to verify all requirements as soon as possible 
and to conduct most tests at facility or instrument rack level (not at an 
integrated level). The activities ofthe payload facility acceptance to the 
system side are depicted in tigure 12. The sample payload acceptance and 
the payload facility acceptance procedure differ a lot. A facility type of 
payload is exposed to a large number of verification procedures, while the 
sample type ofpayloads is not concerned with the facility to system 
integration during the development. 

5.2.2.1 Sample type payloads 
The acceptance of a proposed sample type payload is done by a peer group 
that judges the scientific importance of the experiment. During the 
payload acceptance procedure, the experiment is valued for its scientific 
value with respect to the resources it needs (room, time, facility usage, 
crew attention and power). This part ofthe acceptanceis monitored by the 
payload scientist and executed by a scientific peer group, based on the 
baseline of the experiment, the scientific objectives, the background and 
the publications. During the accommodation study, the payload specialist 
needs the proposed sequence of activities and procedures from the 
proposal. For the approval of the payload itself, no hardware is needed. 

5.2.2.2 FaciiHy type payloads 

The acceptsnee of a facility is done by the element centre, after it has been 
built although partial acceptance on the basis of similarities with other 
facilities is possible. Three models for the acceptance process are used: for 
the development tests a breadboard or simulator, for the qualification 
tests an engineering model, containing all approved documents and for the 
acceptsnee tests a flight model that mimics flight conditions. Each of these 
models are used for different phases of the crew training. 
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5.2.2.3 Impravement of the communication process 

During the development and acceptance phase, a large number of steps 
and tests are perforrned. This means that the facility developer and the 
element eentres that integrate the facility in the system will coordinate 
their activities. They will use the same document database to make sure 
that everyone uses the same revision of each document. Since line 
drawings are important in the development phase, pictures will be very 
useful. According to the interviews, the ability to use building blocks for 
interface verification is appreciated highly. This means that verification 
programs will be made modular building blocks and classified and stored 
as BLOBS in the engineering database. A building block is a test 
procedure that is automated and reusable and is incorporated in a larger 
test procedure for interface verification. The results of these test 
procedures can be added to the document database and be viewed by both 
parties. Visualization tools for these results will improve the speed and 
~ 

quality of the interpretation. Video or animations for descrihing the 
procedures are useful if these procedurèSha.ve to be run again. The 
interaction in the payload development, verification and integration phase 
is between engineering groups. The cultures of the various groups here 
will not differ to a great extent, so the communication can have a more 
forrnal and non-interactiva character. Still, some meetings will be required 

The Columbus payload lifecycle : 5-7 



for a synchronization of the partial results. These will be on an as 
requested basis and are not included in the model. The communication in 
the payload development, verification and integration phase will have a 
technical character. This will mean that the technica} communication 
process will be supported. Drawings, check-out procedures and building 
blocks, containing test programs will be the main documentation 
exchange. 

5.2.3 Crew preparatien phase 

5.2.3.1 Description 

The preparation ofthe crewfortheir activities inspace is a task that 
requires a lot of cooperation with payload designers and engineers that 
verify the facilities. A number of facts complicate the training: 

• The equipment with which to practice might not be available at the 
time the training starts, either because it has to be developed at that 
time or because it is being tested at that time and too delicate to do 
any training with it. 

• The space conditions in which the crew will work can not be 
reproduced during the ground training. 

• The crew needs to get a deep insight into the scientific background of 
the experiments, the facility in which it will operate, the concepts and 
the interfaces. There are no teachers that know all these things. 
Therefore, the training has the character of teamwork in which the 
payload originator, the crew and the facility developer work together 
to find out how the system works. So, normal class work is impossible 
for at least a part of the training. Therefore, crew memhers must have 
access to all payload documentation that has been produced during the 
conceptual and acceptance phases. 

• A part ofthe on-board documentation will not be available but is 
produced parallel to the training. 

The reasons noted above indicate that the training of the crew must he 
combined with the integration, documentation and test procedures. The 
models that are used during the verification phase can also he utilized for 
the training ofthe crew. The conceptual training for payloads can start 
after the payload bas been accepted. After the conceptual training is 
finished, the development model can serve for the first operational 
training. The engineering models are used for the crew fit and function 
tests. The flight model is used for the training on an integrated level, in 
which multiple errors must he handled, timeline plannings are checked 
and power resources must be watched during the operation of the 
experiments. The video recordings of all training sessions should be a part 
ofthe development documentation. The recording ofthe integrated tests 
can be used to enhance the timelining, the development tests can be used 
for redesigning the user interfaces or for other facility designers. Figure 13 
shows that a lot of the training is triggered by the integration and 
verification steps. Therefore, training phases that use facilities will occur 
on an "as available" basis. At the time that Columbus is operational, 
training will be conducted at the user centres, where copies of the space 
qualified hardware are available for testing and practicing. 
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5.2.3.2 lmprovement of the comrnunicaflon process 
The interview results indicate the need of the crew to have access to all 
documentation if needed, both during the training and during the 
operational phases. Therefore, powerful tools are needed to select and 
present the data. This can be achieved only if all data is stored in a 
database with a well defined storage structure. 

At the moment all procedures that have been practiced are recorded on 
videotapes and a lot of that data on tape is valuable for reuse. For the 
training of crew procedures and for the optimization of these procedures it 
would he very good to have the visual information available. 
Unfortunately, many of this data is useless at the moment, since it 
somatimes cannot he found and the replay time is too long. Beside that, 
the video is not comprehensive if the activities of the crew memher are 
filmed from the backside (which is the case), thus shielding important 
details and usually only a part ifthe filmed procedures are of interest. An 
alternative would be to use animations instead of video. lt offers the 
following advantages: 

• Space compression: Animations require little disk space, compared to 
video data. 

• No disturbing details are included, so the focus on the relevant details 
increases. 

• Animations can have a hierarchy of elements which can be covered or 
uncovered when one zooms in or out. Partial suppression of details is 
also possible. If zoomed into a topic, the details can be uncovered. 

The Columbus payload lifecycle : 5-9 



Since the animation is organized, queries can be run on frames that 
contain a specific element. 

• Quick replay gives a sharper image, compared to video. This allows 
the possibility to increase the replay speed. 

• Animations allow effects that are not achievable with video. Looking 
through someone's back to see what he is doing is a possibility bere. 

To achieve animated crew procedures, image processing equipment is 
needed that can interpret the images from a video and extract moving 
entities from it. 

5.2.4 Planning phase 
The detailed planning of experiments will happen in space, but a rough 
planning will be necessary to decide how many payloads can be handled by 
the crew. The initial planning will be done based on the proposed 
planning, the study that the payload scientist made, taking into account 
the other experiments and the NASA/ESA final timeline. The crew will 
need the same documentation for the replanning. Because the planning 
will be an integrated aspect of the operational phase, it is discussed in 
section 5.2.5. 

5.2.5 Operational phase 
The crew will need support in space to do their job. They will get 
assistance from the Principal lnvestigator and the USOC for the selection 
of the right samples and when unforeseen events cause the experiment 
procedures to differ. The on-board planning will cover only a short time, 
for instanee a week. During this week, the timeline will be the guidance 
for the crew. lt will teil them when to start a specific procedure, where to 
look for the manuals on this procedure and how long the experiment is 
allowed to last. A large part of the crew activities during the operational 
phase will be dealing with unexpected events, because many regular 
operations, especially routine jobs will take place in the USOCs. Boring 
mechanical and manual tasks for the crew will not be acceptable for a long 
period of time. During the operational phase the replanning activities, the 
results and evalustion reports on facilities are some of the documentation 
tasks that take place on-board. Although the payload documentation is 
finished, it must be possible for a crew memher to add notes on a facility or 
procedure that is added to the predefined procedures and documentation. 
lf the notes can include voice notes, it would be handy. 

5.2.5.1 lmprovement of the communication process 
Most of the communication processes during the operational procedures 
concerning the payloads will take place within the USOC, between the 
USOC and the element centre and between the PI, (hosted by the USOC) 
and the crew. The messages between USOC and crew will be concerned 
with sample selection, payload operation, replanning activities and 
decisions. Impravement of communication during the operational phase 
will consist ofthe supply of relevant data or check-out procedures 
(building blocks) to the crew and to people in the USOC. Check-out 
procedures Relevant data means data on the facilities that are discussed. 
The experiences of the crew will be collected in this phase. These 
experiences should be included in the evalustion documentation. The 
video sequences and audio communication between the crew and the 
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ground will he recorded during the execution of the procedures. That 
moment is the most convenient time to classify this data for a specific 
experiment. The ioclusion of the data into the evaluation document can he 
accomplished during the post-mission phase. 

5.2.6 De-integration and post-mission phase 
The de-integration phase will he planned in advance. Some payloads will 
require early access, when perishable experiment results must he 
examined. Therefore, the planning of the payload de-integration will 
normally he planned in advance. The results ofthe experiments and the 
followed procedures will he the subject of the evaluation. In genera!, the 
central evaluation from experiment results and the evaluation of the 
procedures and experiences will he regulated by the USO. The results will 
he stored and reused in future experiments. 

5.2.6.1 lmprovement of the communication process 
During the post-mission phase, the parties in the payload development 
will he familiar. Multimedia support is not required for familiarization 
anymore, but for the discussion of results and the review of the foliowed 
procedures by the crew, video replay facilities and tele-conferencing 
systems will he required, although real meetings will possibly prove to he 
more effective. 

5.3 Documentation centre 

Since many payloads must he processed at the same time, a large amount 
of text, procedures, drawings and other data will he written. Revisions will 
take place quite often. Here it is important to reuse the data as much as 
possible. One way to do this is to create a payload database, in which the 
present data and the previous revisions are stored. This allows the 
payload developers to view relevant documents, their status and the last 
revisions. This database must have the capability to store multimedia 
data and building blocks. Four types of documentation can he composed 
from the data in this database: 

• Familiarization documents. These are final documents, meant to 
familiarize a new user with the Columbus structure. lt will includes 
the evaluation results of earlier experiments, examples of the crew 
procedures, overviews of the Columbus laboratorles and the test 
facilities. 

• Payload development documents. These are documents in which the 
revisions and status of each sub-document are indicated. The 
document will mostly contain text, technica! drawings (pictorials) and 
building block procedures. This documentation will constantly be 
revised. 

• Crew preparation documents. This will be a constantly updated 
document. It will contain the preliminary crew procedures and the 
simulations with which to prepare the crew. The training sessions and 
final documentation are not yet included 

• Final crew documentation. Based on the crew preparation document, 
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the final and approved facility documents and the recorded training 
sessions, the final payload hook can be created. 

The proposal from the PI, some ofthe test procedures and interface 
verification steps will be used during the flight. A large part of this 
documentation will be needed during the crew preparation. If a facility is 
tested and approved on a specific aspect, the final documentation can be 
written and the training can be started. This means that the preliminary 
payload documentation is written parallel with the crew preparation 
phase. The final documentation can be created with professional editing 
equipment. Video sequences or animations from the crew preparation can 
be added when available. Voice will be created in a studio, to keep noise 
out. The composition of these visual and auditive data and the merging 
with the text based integration procedures will be done by a professional 
studio, since the interviews showed that professional edited video's can be 
very effective. A professional document writer and a video editor will work 
together during this phase, the interface verification phase and the 
de-integration phase and gather all documentation to create a coherent 
payload hook. 

5.4 Social roles in the payload lifecycle 

In the payload life cycle, a number of social roles exist. Roles are discussed 
already insection 2.1.4. In this section, they will bedescribed roughly, to 
see how these roles interact Although it is impossible to describe a role in 
detail, even if a subset of the role expectations an interpretations are 
considered, a global overview can be given. Role descriptions are used her 
is to aid the decision of the type of the required explicit and implicit 
communication. 

5.4. 1 Princlpal investigator 
The PI is a scientist and not necessarily familiar with space research, 
although some knowledge exists. His major concern is to give a thorough 
explanation of the scientifi.c goals he wants to reach. He or she will discuss 
a lot with people from different disciplines. Examples are facility 
engineers, the payload scientist, ESA systems engineers and the scientifi.c 
peer groups. To all these parties, some adaptation (scientific language and 
discipline specific concepts) is needed. To all parties the PI is the basic 
souree to consult when the scientifi.c objectives and the experiment 
procedure is involved. 

5.4.2 Facility engineer 
The facility engineer is a teehoical person, not necessarily scientific 
involved. His major concern is to get approval from ESA for the facility. 
The scientifi.c value of the experiments is not his concern. The physical 
properties of the experiments are given by the requirements for the 
facility. During the integration phase and the acceptance tests, many 
contact with the integration and acceptance engineers will take place. 

5.4.3 Payload scientist 
The role interpretation of a payload scientist when talking to a principal 
investigator is that of a scientist. They are talking on the same level, both 
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at least partial familiar with the same discipline. However, the knowledge 
of the PI on the subject is deeper, so the communication channel should 
allow the transport complicated scientific concepts. The payload scientist 
is more familiar with the facility in which the sample has to be operated 
and the ESA structure in general. He must explain the technica! 
limitations and discuss the implications of these with the PI. To the 
integration and verification group he is the person responsible for all 
experiments and capable to respond to their questions concerning the 
integration requirements of payloads. To the accommodation specialist 
and the crew, he acts as the community of PI's would. In cases of doubt, 
the PI is consulted. To the crew, the payload scientist is a reference to get 
in formation from and can be a part of the team that prepares them for an 
experiment and he is the interface to the rest of the scientific community. 

5.4.4 Crew member 
The crew memhers have a lot of tasks to do. Each of these tasks can be 
seen as a different role. From the interview results (Appendix 0.2.2) we 
can separate the following roles: 

1 A scientist, performing an experiment and judging the results. 
Theoretica! insight and the ability to judge the result is expected, but 
the scientist on the ground needs to see the results as well, he makes 
the decision which sample to take. 

2 A laboratory assistant, performing medical tests. Here caution should 
be paid to human response to physiological tests and to the medical 
functions that must be performed. Active participation is required, 
and the crew memher takes decisions, unless ground support 
explicitly states otherwise. 

3 A subject of research, during the anthrolab experiments. Here, the 
crew memher is to be examined and acts passively. 

4 A repair man, who tries to locate a faulty device. This task is 
performeel using some kind of guide, since the crew memher is 
familiar with the hardware but not with all erroneous situations that 
can occur. If ground support has an expert available, they control the 
situation, otherwise the crew controls this situation. 

5 A participant in the replanning of the timeline, caused by the delay of 
an experiment. Since the crew is the most involved party in the 
execution of the planning, they will have an important role in this. 
Ground control can participate in the discussion. 

6 A student, learning how to perform a specific experiment which he 
was not trained to do or an expert who must reeall detailed data about 
a subject he is very familiar with. 

7 A memher of a team that explores the functional and mechanica! 
properties of a payload, to become familiar with operating, servicing 
and instaHing the payload in space. 

5.4.5 lmplications tor communication 
The communication between the PI and the Columbus facility engineers 
must have an interactive character. Visuals, sound, pictorials and quick 
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responding communication channels are a necessity here. The 
communication between the payload scientist and the PI will require less 
rigid demands on the interaction, since the communication partners have 
the same discipline. The same applies for facility engineers. Crew 
memhers are a different case. They have a number of roles, depending on 
the task they perform. The communication will adapt to passive manual 
work and active participating roles. During the preparation, the crew 
memhers are expected to have active participation in all crew procedures. 

5.5 Conclusions 

A centralized database will be used to collect all documentation, both 
preliminary and final. Several documents can be composed from this 
database, both working documents for integration, test and training 
phases which are not yet qualified and final and approved versions for use 
by the crew. The user familiarization documents can also be extracted 
from this database. 

Since usually only the latest version of a document is relevant for crew 
use, documentation is added only to the payload hook after the document 
and the phase to which it refers are approved. A centralized database 
storage allows the revision control of all documents. Each payload 
processing phase is served with extra data types. The familiarization 
phase is served with video pictures and images, the design phase with 
pictures, the interface veri:fication with automated procedures and the 
training with video or animations. No phase is served with ~ da~-~_es:_ 
After approval of the sub-documents, the payload hook can he transferred 
to a true multimedia hook by a professional writer and a video editor. The 1 
hook will have the character of a hyperdocument, with the basic data : 
element being a visual element, a paragraph, an explanation or a 
procedure. The procedures will also he available in a spoken version, so 
the crew can select the most suitable one for the situation. 

The multimedia solutions for the familiarization phase will require a lot of 
visual, possibly pictorial data. But since the social roles ofthe space 
community and the new user will not yet he familiar, the communication 
should have an interactive character. The help desk and meetings with 
other users will also he helpful in familiarizing the new users. Multimedia 
mail, phone and conferencing systems will he an alternative for normal 
meetings. The documentation centre can process relevant meetings to 
include them in the payload hook. Veri:fication programs will he made 
modular and are classified. They will he stored as BWBS in the 
engineering database. ~iz~tio_!1_~_9~~- fC?! -~~t:~.!l~~-~_!li_mp_rove _th~ 
~Qfmt.en>!~~~ion. Video or animations for descrihing the procedures 
and the recording of training sessions are also useful, especially when a 
hierarchy is added to the animation or video data that which allows the 
user to run a query on a topic of interest in the animation. Communication 
during the payload development, veri:fication and integration phase will 
have a technica! character and require no fast interaction for rqle_ 
antiCl~atfonp\:rrposes~--Diiwmgs-, "clieai~ut-procedurés"äit<rhuilding 
hloeks, containing test programs will he the main documentation 
exchange, apart from normal regular progress meetings. 
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6 
Recommendations 

6.1 Introduetion 

In this chapter, recommendations based on the conclusions of sections 2, 3, 
4 and 5 are formulated. The human communication side, the technica! 
constraints and possibilities and the ESA specific requirements on 
communication are combined. The research questions, as formulated in 
section 1.1.2 are answered as far as possible. 

6.2 Recommendations 

In section 2, a conclusion is that direct communication is served best by 
quick responding channels with a short and fixed channel delay. It was 
even stated that preferenee should be given to a quick channel transport 
over an expressive vocabulary because channel delay can distort the 
process in three ways: delays can be interpreted as data (a delay might be 
interpreted as a hesitation), distort the protocol (a delay can be 
interpreted as an invitation to speak) and it can frustrate or slow down 
the mutual role adaptation. Since the interpretation of delays is cultural 
dependent, communication between roles, unknown to each other, is a 
highly interactive process in which not only the message must be 
transmitted but the role expectations and interpretations must also be 
coordinated. 

Implicit communication usually takes place using visible and audible 
perceptions. Role interaction relies on this implicit communication. 
Visuals and sound are data types that can transmit the data for the role 
interaction. Text types are usabie for long explanations, pictorials are 
usabie for giving overviews, sound for warnings and short messages and 
visuals for demonstrations of procedures and for the judgment of results. 
Other ways to communicate will require new protocols. If such a way 
exists, a common protocol must be agreed on, because there is no implicit 
protocol to rely on. Wherever communication between different disciplines 
or countries takes place within ESA, the extra data types for multimedia 
have their use. For communication between people of the same discipline, 
the number ofuses for multimedia communication diminish, though some 
data types keeptheir usability. 

Multimedia technology is an excellent alternative for human face-toface 
communication. It increases both the explicit and the role specific 
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(implicit) communication. For indirect communication (documentation 
purposes, multimedia allows usabie for display, input and is useful to 
present data in several ways. Electronic mail, conferencing systems and 
video telephone are examples oienhanéèmêhts of both the implicit and 
explicit communication. A multimedia presentation system is an example 
of a communication system where the explicit communication is enhanced 
to overcome the disadvantages of a non-interactive process. Other 
applications for multimedia will increase the human insight of the data 
presented. Several data types are supported in a multimedia system. The 
classification in technica! data types, as defined in section 4 and in 
communicative data types as defined in section 2 show a large overlap. An 
interesting data type, provided by the technology is the annotation data 
~- When choosing a data type for input or display, one should take into 
account whether the subject is described easily with a data type, if the 
human perceptive channel is overloaded and the perceptive properties of a 
specific data type. 

For ESA, a centralized database will be used to collect all documentation, 
both preliminary and final. Several documents can be composed from this 
database, both working documents for integration, test and training , 
phases which are not yet qualified and final and approved versions for use 
by the crew. The user familiarization documents can also be extracted 
from this database. 

Since usually only the latest version of a document is relevant for crew 
use, documentation is added only to the payload hook a:fter the document 
and the phase to which it refers are approved. A centralized database 
storage allows the revision control of all documents. Each payload 
processing phase is served with extra data types. The familiarization 
phase is served with video pictures and images, the design phase with 
pictures, the interface verification with automated procedures and the 
training with video or animations. No phase is served with all data types. ; 
After approval of the s~documents, the payload hook can be transferred 
to a true multimedia hook by a professional writer and a video editor. The 
hook will have the character of a hyperdocument, with the basic data 
element being a visual element, a paragraph, an explanation or a 
procedure. The procedures will also be available in a spoken version, so 
the crew can select the most suitable one for the situation. 

The multimedia solutions for the familiarization phase will require a lot of 
visual, possibly pictorial data. But since the social roles of the space 
community and the new user will not yet be familiar, the communication 
should have an interactive character. The help desk and meetings with 
other users will also be helpful in familiarizing the new users. Multimedia 
mail, phone and conferencing systems will be an alternative for normal 
meetings. The documentation centre can process relevant meetings to 
include them in the payload hook. Verification programs will be made 
modular and are classified. They will be storedas BWBS in the 
engineering database. Visualization tools for the results will improve the I 
speed of interpretation. Video or animations for descrihing the procedures ( 
and the recording of training sessions arealso useful, especially when a · 
hierarchy is added to the animation or video data that which allows the 
user to run a query on a topic of interest in the animation. Communication 
during the payload development, verification and integration phase will 
have a technical character and require no fast interaction for role 
anticipation purposes. Drawings, check-out procedures and building 
blocks, containing test programs will be the main documentation 
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exchange, apart from normal regular progress meetings. 

6.3 Research questions and some answers 

1 What will the experiment life cycle for Columbus look like and what 
restrictions does multimedia impose on it? What opportunities? 

The possibilities that multimedia offers are a better familiarization of 
novice users, the opportunity to have ÇQ!!S~Ilfur_:upda~d 
documentation during the design, verification and test phases, the 
addition of voice and video mail and telephone facilities, thus reducing 
the number o(!!!_~~-~~g~ and the possibility_Q(reuse of exis~_g 
audio-visual data by making them quickly accessible. 

2 Which scientific and technica! communication for experiments exists 
within the Columbus project? 

Technica! communication concerning design, integration and 
verification issues takes place using text documentation and gr~_phjçs. 
~ I>rocedur!!S are also required data tYi}es. · Some meetings take 
place to synchronize the work of the engineering groups. 
Communication between different engineering teams often requires 
the _u,s~_Q.f_p_içtur.es @d video to explain procedures. 

3 Since multimedia technology produces on-line documentation, a major 
question is: "In what way do on-line documentation demands differ 
from those for paper documents, what problems e:xist in on-line 
reading and what can be done to improve the readability of on-line 
documents?" 

Multimedia data does not have the linear structure and the optical 
that paper text documentation has. Artificial structuring is required 
to prevent the reader from getting 'lost'. Hypermedia representation 
for associative search, fixed paths in the information web and visual 
depietion of the information web is needed to achieve this goal. 

4 What demands on multi-media can be distinguished from the 
perspective ofhuman communication? 

5 What are the added values and specific properties of different media 
types? How should a data type be used? 

Fast channel response and fixed channel delay is required for direct 
communication. Multimedia, especially video and high fidelity audio 
data increases the implicit, role dependent communication, but also 
the explicit message becomes more clear. Annotation is usabie for 
expressing one's intentions or to show the execution of a procedure. 
When selecting a data type, one should take first into account the 
channel delay and the persuasiveness of the data, compared to the 
believed truth of it. More answers to these questions will result from a 
prototype. 

6 Which perceptive, ergonomie and cognitive demands e:xist on the 
display of these data? 
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The displayed data must not contradiet with each other. When data is 
used in one message for alarms (color for example), other messages 
should use the data in the same way. This requirement implicates 
that a coordinated display/replay device should be used. More answers 
to this question will be the result of a prototype. 
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Appendix A 
ESA and the Columbus programme 

A. 1 Overview of ESA 

The European Space Agency (ESA) was founded by Belgium, Denmark, 
the Federal Republic ofGermany, France, Ireland, Italy, the Netherlands, 
Spain, Sweden, Switzerland and the United Kingdom. In 1987 ESA was 
joined by Austria, Norway and Finland. Later, cooperation (no 
membership) with Canada was started. The mission of ESA is the 
promotion and provision of cooperation forspace research and technology. 
This research will be for peaceful purposes only. ESA does no 
manufacturing by itself, this is done by industrial firms that perform 
contractual work. The ESA consists of the following centres: the 
headquarters in Paris, the Space Research and Technology Centre 
(ESTEC) in Noordwijk, the Space Operations Centre (ESOC) in 
Darmstadt and the ESRIN, which is an information retrieval service. In 
addition, ESA has a world-wide network of ground stations and a launeb 
base in Kourou for the Ariane launcher. 
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Figure 14 The Hermes spaceplane and the Columbus Free Flyer 

A.2 The Columbus programme 

The ESA started the Columbus programme in the year 1988, thus replying 
to the invitation ofthe president ofthe United Statesin 1984 tojoin the 
USA in the creation of a permanent manned International Space Station. 
The Columbus programme will establish three projects: The first and 
largest ofthe three is called the Columbus Attached Laboratory (CAL), a 
fixed part of the International Space Station Freedom which will be 
capable of performing experiments, under microgravity conditions, 
operated by man. The second project is called Columbus Free Flyer (CFF), 
this is a laboratory in which the experiments are remote controlled. N ow 
and then the CFF is visited by astronauts, to do some maintenance and to 
exchange the experiments. The third project is the Columbus Polar 
Platform (CPP). This platform will be permanent unmanned and its plane 
of orbit will be between the earth po les. The Columbus elements will be 
serviced by the yet to be developed launcher Ariane 5 and Hermes 
spaceplane. Hermes and the CFF are shown in figure 14. 
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A.3 Columbus ground segment infrastructure 

The total structure in which the International Space Station (ISS) will 
operate is quite complicated, and not yet fully implemented too. This 
structure is not very important for the research ofthe user requirements 
for payloads, because this structure is mainly concemed with the system 
segment (With systems, we mean the flight and maintenance equipment, 
used for life support systems and navigation systems. In general, most of 
the equipment, with the exception ofpayloads and payload research 
equipment). However, because ofthe fact that the United States are 
involved in some of the payload operations, it is described briefly here. In 
the ISS, some of the experiments in the European laboratory will be 
American property, and fall under the responsibility ofthe USA. The 
opposite also occurs, some of the European experiments will be performed 
in the American laboratories. Many of the information in this section is 
derived from an ESA intemal report on the future infrastructure, [11]. 

American organization: 
• The Space Station Control Centre (SSCC) controls and manages the 

ISS and all its system functions, including Columbus and the Hermes 
and Space Shuttles near the ISS. 

• The Integrated Tactical Operations Organization will perform the 
integrated tactical planning for all ISS manned operations. 

• The Payload Operation and Integration Centre (POIC) coordinates all 
American payloads and assists all users ofthe ISS in planning and 
executing their activities. 

• Regional Operations Centres and Discipline oriented Centres facilitate 
the use of the American laboratorles to the users. 

European organization: 
• The Central Mission Control Centre (CMCC) will provide distributed 

tactical planning and management for both systems and payload 
activities provided by Europe. It is also the single interface between 
the ESA and American integrated tactical operations Organization. 

Figure 15 Ariane 5 & Hermes 

• The Manned Space laboratorles Control Centre (MSCC) is the only 
interface between the ESA and the American POIC and consists of: 

-- Mission Control Centre (MCC) for the Columbus Free Flyer. 

-- Payload Operations and Control Centre (POCC) for the Columbus 
Attached Laboratory. 

-- POCC for the Columbus Free Flyer. 

• U ser Support and Operations Centres (USOC), in several countries. 
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These will help the users prepare and execute their experiments. The 
POCC will have a data link with the USOCs. 

• An Engineering Support Centre (ESC) that wil! keep in contact with 
the European industrial consortium for Columbus and will offer 
engineering support to SSCC, MCC, and the POCC for CAL. 

A.3. 1 The Space Data Network 
The User Home Bases will be connected by a Ground User Interface 
(GUl). This interface will be a relatively cheap way of communicating, 
because of the limited funding of some of the research institutes. 
Nevertheless the GUl must support the transfer of multimedia data to 
make an effective way of communication possible. The communication 
betweentheUser Support Centree and the space segment during the 
flight phase will make use ofthe Space Data Network (SDN). This 
network is still under study but it will contain severallevels. These are: 
(see also figure 16) 

• The on-board network, 

• Three primary links between ground and space segment. These are 
Tracking Data Relay Satellite Systems (TDRSS), with a data 
transmission speed of 2 Mbit/s. 

• The three TDRSS form a triangle to assure the availability of the link 
to the space vehicles. This is a wide area network.(W .AN) with a 
transmission speed of 2 Mbit/s. 

• A number oflocal area networks, ofwhich the GUl is one. These have 
lower data rates. 

• Possible non-ESA LAN's that are linked to the ESA WAN, for 
communication on a temporary basis. 

• The telescience entries for the SDN. The telescience links need fast 
access to the payloads, because of the interactiva nature of the 
telescience concept. They have direct access to the high speed WAN. 
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ESA Data Relay System (DRS) terminal 1, Oberpfaffenhofen, FRG 

ESA DRS. Terminaland control, Fucino • 

ESA DRS t.erminal3, Assaguel .:~. Columbus modules 

High speed network (2 Mbit/sec.) 

Low speed network 

WAN: Wide area network 
I..AN: Local area network 
HFCC: Hermes flight Control Centre 
ESOC: European Space Operations Centre 
MSCC:. Mission Space Control Centre 
CAL: Columbus Attached Labaratory 

Figure 16 Space Data Network (SON) 

The main communication for users will be between the USOCs, the 
UHB's, the MTFF and CAL engineering support and between the USOCs, 
the E-USOCs and the training facilities. This communication will he 
decentralized, because of the fact that most facilities (design, check, help 
on docomentation) will he available in the user support and operations 
een tres. 
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Appendix B 
The User Support Organizations 

B. 1 Motivation for User support 

The European Space Agency will offer many opportunities for experiments 
in space, when the Columbus Attached Labaratory is connected to the 
International Space Station and the Columbus Free Flying Labaratory 
will he in orbit. The permanent presence of a manned and a unmanned 
laboratory will make long lasting and complex experiments possible. 
However, the market for space experiments (payloads) which until now 
was a sellers market, will change into a buyers market as a result of the 
improved opportunities for performing experiments, while the number of 
demands for experiments have not grown that much, yet. The research 
institutes will have to he motivated to use these extended facilities. 
Because Columbus is a complicated concept to explain, ESA will have to 
put a lot of effort in explaining the details to the users Another difference 
of the Columbus project, when compared to earlier spaceflights, is the fact 
that, while the payloads will he exchanged after three months, the 
Iabaratory will remain in orbit. This means that the training of the crew 
cannot he as thorough as has been in the past. It also means that the 
installation ofthe payloads will he done by the crew in space. 

The above changes, compared to the past, lead to an approach from ESA 
that provides more freedom to the users, promotes the use of space 
experiments and supports and familiarizes the user in using the space 
laboratorles 

8.2 User support 

The ESA definition of a U ser is a person, institute or company that is 
performing research involving spaceborn elements. In plain language, this 
is someone who is doing research in space. The ESA will create a U ser 
Support Organization in two levels: Several national USOs, and an 
integrating European USO. The way in which national USOs will he 
implemented will he the task of the national governments. ESA will 
contact the N-USOs through theE-USO. This E-USO will solve problems, 
common to N-USOs, reprasent the N-USOs in the Element eentres and 
stimulate discussion and knowledge exchange. The N-USO is not the 
responsibility ofthe ESA organization but entirely ofthe national 
government. This responsibility also includes the way in which the 
supporting institutes will he interconnected, the number of institutes and 
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the national utilization plans for Columbus. 

8.2.1 The National User Support Organization 

Figure 17 

The final user support will be offered by the national USO's. There will be 
one in each country, but they all will differ from each other in the way 
they are implemented. This is because both the highlights in space 
research, the budget and the specific opportunities in each country will 
differ. A N-USO will serve as an umbrella, under which alllocal services 
will be located. The way in which this implementation is done is 
irrelevant. Only the functions that must be performed are and apply to all 
N-USO's: 

• Promote the use of the Columbus Elements to potential users. 

• Familiarization of the users to Columbus. 

• Give administrative support. 

• Provide a clear and accessible interface between the USO and the 
users. 

• Give technica} support or arrange this. 

• Give scientific support or let it be given. 

• Give operational support during the executional phase. 

The N-USO will be dealing with both the national industries, the national 
research laboratories, (both private and community) and the national 
authorities and agencies and they will participate in the N-USO. The 
Utilization centre will be an integral part of it. This is reflected in figure 
17. 

National 
Authorities 

Research 
eentres and 
Laboratorles 

lnvolvement of national institutes in USO 
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A national USO will probably have an indirect influence on the 
multimedia requirements on the payloads. This influence will be exercised 
upon theE-USO. The N-USO willencounter specific problems that come 
up when payloads are developed and the N-USO becomes more clear. This 
means that the payload document requirements must probably undergo 
an evolution, similar to the evolution ofthe N-USO itself 

8.2.2 The Europeon User Support Organization 
TheE-USO is thought to have a balanced involvement ofboth the ESA 
and the participating countries. It will either be an integral part of ESA, 
which will make it act like an umpire that will make the N-USO's work 
together, or it will be an independent party that is formed by the N-USO's 
with a ESA representative, which willlead to a decentralized decision 
structure, ruled by the N-USO's. Although the name suggests otherwise, 
the E-USO will not give any user support at all. The support it will give is 
towards the N-USO's. What it will do is provide communication between 
the national USO's. The E-USO will: 

• conneet the national existing ideas about the ground infrastructure 
that must be implemented to those of others. 

• investigate user requirements, monitor discussions about them with 
the different Columbus elements and watch the implementation of 
these ideas. 

• stimulate and coordinate the promotion of Columbus in the memher 
states. 

• participate in the definition of the scientific utilization of the 
Columbus laboratories. 

• be the entrance through which the ESA can contact the N-USO's. 

fc;: ,.,.~~nunnnnc ~~,,~nH,,
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Figure 18 Conneetion of national USO's to ESA 
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Summarizing, an E-USO will provide support to the N-USO's, not to the 
end-users. This is indicated in figure 18. The E-USO is involved in the 
definition of the multimedia requirements for payloads. Furthermore, the 
E-USO will be one ofthe parties that will need the information ofthis 
multimedia documents. This is why it is necessary to know something 
about the way a E-USO will work. 

8.3 Services oftered to users 

To make it possible for the user to control his payload, a number of 
services have to be offered to him. The following services will be 
implemented by the N-USO: 

Colwnbus Suppon: 
• Telescience support. Telescience is remote controlled research, 

performed by the principal investigator and not by the astronaut. 

• Standard software interfaces, consistent with the space segment will 
be defined. 

• A database will logically conneet the payloads with the ground 
services. 

• Planning and replanDing tools will be offered to the user before and 
during the flight. 

• Users or User Home Bases (UHB) will be connected totheUser 
Support and Operations Centres (USOC) by means of a data network, 
quick enough to support telescience. (see figure 16) This Space Data 
Network consists oftwo parts: 

a high speed Wide Area Network, arranged like a triangle for 
reliability reasons. The maintenance of this network is the 
responsibility of the ESA, 

-- a nwnber ofLocal Area Networks. These will be maintained by the 
USOCs of the country in which they are established. 

Promotion and familiarization: 
• Introduetion to the design guidelines for experiments 

• Support for queries on Announcements of Opportunities (AOO) and 
support of interactive response to it. 

• Support to enter commercial requests. 

• Provide experts to assist users in choosing the type of support they 
need. 

• Offer databases that contain all available system, crew and 
housekeeping data. 
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Training 
• Familiarize with crew procedures, terminology, protocols and 

telescience operations. 

• On-line computer aided familiarization of the above. 

• Direct access to experts in training. 

• Demonstrations of the data and command communications facilities. 

• Offer simulation tools and functional mock-up's. 

8.4 An example of a USOC: MUSC 

MUSC is the abbreviation of Microgravity U ser Support Centre. lt was 
founded to support the users of several Spacelab missions and to let ESA 
get acquainted with user support. lt is also an example ofhow a User 
Support Organization (USO) willlook like for the Columbus project. The 
missions that have been supported sofarare the Spacelab 1 and Dl 
mission. The missions that will be supported are Eureka-Al and D2. 
MUSC can be seen as an example user centre for the Columbus space 
laboratories. Since most of the supported functions have been described in 
previous chapters, the functions ofMUSC will only be outlined globally. 
The information for this section is derived from [19]. 

8.4.1 User lnformation and guiclance 
This part of MUSC is involved in supporting the users. Two types of users 
are distinguished: 

1 Facility users, who are not experienced in space qualification and 
operation and use an existing payload facility to accommodate their 
payload. 

2 Direct users, who will host their payload in its own facility and 
operate it by their selves. This group of users will be experienced in 
qualification and space operations. 

The following three activities provide this support: 

• The organization of user seminars. they serve to familiarize the users 
with microgravity experiments. Summer schools were organized to do 
this, but other seminars are organized as well. 

• A user guidance centre serves the elient with answers to common 
questions on space experiments, provides secretarial support and 
access to an information system. 

• MUSC is maintaining a microgravity library. The library shall be 
linked to the information system of MUSC (ARIADNE) and to extemal 
literature database in the near future. 
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8.4.2 Experiment and facility operations support 
During the operational phase of the Columbus mission, the users are 
expected to operate their experiment by their selves using the telescience 
technology. Two types of eentres will perfarm the operations and 
preparations phase. 

1 U ser Support and Operations Centres CUSOCs) will deal with the 
operational phases. These USOCs are facility oriented and cantaio 
high fidelity copies of just one payload facility per USOC. Since these 
eentres are also supporting the operational phases, access is possible 
24 hours a day during the operational phase of a facility. 

2 The Science eentres will give scientific support to the users, discipline 
oriented to a specific discipline which is connected to space research. 
It will accommodate specialized Iabaratory instrumentation and 
breadboard models. They support the U ser Support and Operations 
Centre for the scientific part ofthe work. 

MUSC, which is a combination of a USOC and science centre will 
coordinate all operations within and connected to MUSC (U ser Home 
Bases, for instance). MUSC will also either perfarm or support the 
planning activities. and take care of the distri bution of data to all users 
and the failure analysis. 

B.4.3 ARIADNE 
ARIADNE, the communication centre ofMUSC will serve as the central 
information collection and distribution centre for the following three 
items: 

• Microgravity user information. 

• Information neerled for planning, like timelines, and logistics. 

• Data from experiments to evaluate and related data to compare. 

B.4.4 MATLAB 
MATLAB is a scientific centre that is focused on material sciences. 1t will 
both be involved in research on material sciences and assist users doing 
this research. Both assistance on ground activities and scientific 
assistsnee is given. Ground support includes the preparation of the 
payloads and the experimental tasks that are neerled to verify and 
evaluate the test results. The scientific support offers engineers and 
scientists with experience in space research. Although this part of 
MATLAB has oot been developed completely, this is what it will do: 

• Quick-look analysis of data. 

• preparation and realization of reference experiments. 

• Operation of pilot facilities 

• Operation of expensive analytical equipment which most users cannot 
afford. 
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• Do time critica! rework of samples or equipment. 

• Give access to mechanica! and electronic workshops. 

The type of material science experiments that will be perforrned by 
MATLAB are deterrnination of therrnophysical properties and 
semiconductor crystal growth 

B.4.5 BlOLAB 
BlOLAB is the facility within ESA that coordinates, perfarms and 
supports life science research. lt is the counterpart afMATLAB and a lot 
of similarities between BlOLAB and MATLAB can be found. The science 
disciplines that BlOLAB covers are human physiology, gravitational 
biology, psychology and radiation biophysics. BlOLAB offers ground 
support, scientific support and facility operations to the users. 

8.4.5.1 Ground support 

Most of the user requirements for support will be identical to those for 
MATLAB (section B.4.4). These will not be repeated here but biology 
experiments are more demanding on resources. Additional BlOLAB 
specific requirements are: 

• On-board analysis of samples is required, because most of the samples 
can not be preserved until after the flight. This means that advanced 
multi purpose facilities must be available in the space laboratories, 
supporting biochemical, microscopie and x-ray observation. So, during 
the preparation phase not only the preparation of the experiments, but 
also the planning of the analysis equipment and the training of the 
scientist that will use it must be prepared. 

• In human physiology, astronauts serve as subjects ofspace research 
programs in which also a lot of equipment is demanded. This increases 
the complexity of the experiments that will be performed. Therefore an 
operation support team that interfaces the subject and the facilities to 
the group of experimenters. 

• Because ofthe nature oflife science experiments (often reduced 
significanee of the results due to the indirect measurements), a lot of 
reference experiments need to be done on the ground. To imprave the 
validity of the results, it may often be useful to perfarm these 
experiments in the same time interval at the user centre. 

• Most biology samples need to have 'late access' to the modules, which 
means access within two weeks before the launch. After the flight, 
some of the samples will need to be processed quickly after the flight. 
This means that some mobile Iabaratory equipment will have to be 
present at the launeb and landing site. 

8.4.5.2 Scientific ground support 

Since life-science payloads are difficult to process and prepare, the user 
will need to decide what is and isn't important and if the experiment 
really is served by microgravity conditions. BlOLAB can serve in the 
decision process by offering specialized microgravity simulation devices in 
which possible hypotheses can be tested. Also standard computerized 
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devices for evaluation of the test results are used 

8.4.5.3 Experiment operation support 

Two teams will he provided hy MUSC. One will operate the flight facility, 
the other will operate the ground equipment. Both groups will he trained 
during the preparatory programme, using reference experiments and 
simulators. 
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Appendix C 
Prototype recommendations 

C. 1 Why prototyping? 

A prototype platform will be implemented at the CEC in Amsterdam. lt 
will serve to answer research questions conceming the usability of 
multimedia in generaL These questions can have a technica}, perceptive, 
cognitive, psychological or linguistic character. The following list of 
reasons for prototyping can be thought of: 

• To test a hypothesis, a fast prototyping tool can help. 

• lt serves as an example of the recommendations from the research. 

• Multimedia concepts are better shown than explained with words. 

• The prototype can serve as a focal point for discussion and 
improvement. The results can be reused for further investigation. 

C.2 General muHimedia access layer 

This section covers the recommendations for a general computer platform 
that is capable of processing multimedia data as it is defined in chapter 4. 
The recommendations cover the hardware aspects, for a large part 
according to the 081 model (see section 4.3.2 for a de scription of the 
model). The software aspects are covered as far as they are implemented 

C.2. 1 Computer platform 
A suitable basic platform is an UNIX workstation platform. It is also 
possible to implement the basic display technology on personal computers, 
but the processing power of workstation allow also the creation of these 
data. Usually, the bus transfer speed of a workstation is far larger, which 
is important for the transfer from the audio and video digitizing boards to 
the main memory. The speed of a workstation also allows the 
simultaneous display of video and sound information. When reai-time 
video and sound compression and decompression technology are available 
in single chips (which is something being worked on by IC-vendors), 
multimedia boards will also become available for personal computers. 
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C.2.2 Anclog to digital converfers 
The conversion of audio and video data from the analog souree to their 
digital representations will be done by add-on boards. The audio board will 
be able to filter the signal, according to specific deinands, sample the 
signa} reai-time and also perform one or more standard compression 
technology on the data. Video converters will be able to digitize a frame of 
video information and code this data to memory. They will also be able to 
access the screen to relieve the main processor. The video processor will 
indicate frame numbers on request to the processor. 

C.2.3 Network 
The most suitable network system at this moment is FDDI (Fiber 
Distributed Data Interface). lt allows a data transfer of 100 Mbit/sec. 
which should be enough for the simultaneous transport of data types. 
Campression and decompression will still be necessary, though. Another 
important aspect of FDDI is the fact that it allows isochronous transport, 
a transport service with guaranteed delay times. This simplifies the 
synchronization of data types on the network. 

C.2.4 Transport mechanism 
The Xll-protocol is an industrial standard with a wide acceptance 
between hardware suppliers. Video and image extensions have already 
been written, so it is already a useful transport mechanism for 
multimedia. 

C.2.5 Operaflng system 
UNIX or a derivative of it is the most obvious selection for workstations. 
Despite the somewhat cryptic operating system, it is a multi-user, 
multi-tasking operating system and it allows elegant connections between 
applications by its piping mechanism. 

C.2.6 User interface 
A windowing system, on top of the UNIX base system is important to 
re lieve the user from the command oriented UNIX shell and handle the 
computer system more intuitive. Motif is a user interface with a wide 
acceptance in the workstation market. The user can write bis own window 
based applications with tooikits that offer easy window manipulation and 
standard functions like sliders and buttons. 

C.2.7 Common data type 
A general documentation standard like ODA, SGML or CDA will be usabie 
for document based multimedia. In that case, all that is needed is a video 
and sound extension. If the data exchanged will be or a record oriented 
base (as is the case for medical applications), a multimedia database 
record will be more appropriate. A combination ofboth would be best. 

C.2.8 Reeommendeel system 

C.2.8.1 Hardware 

Based on the previous recommendations, the following computer system is 
recommended: An Digital DECstation 5000/200, running Ultrix/UWS 4.2. 
with disk space of at least 1 GigaByte. This station bas the required speed 
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and disk space. The bus system allows fast (lOOMbitlsec.) data transfer. 
and peripherals like audio and video equipment can be added to the 
system. DECaudio is the audio inputJoutput device that allows the 
inclusion and replay of audible data. DECvideo will be the equipment that 
can interface the system to video equipment. 

C.2.8.2 Software 

The netwerk software will be DECnet, TCP/IP or Advantage Networks. 
Preferably Advantage networks. Ultrix 4.2/Motif 1.1 will be the 
operating/windowing system. The Netwerk protocol will be Xll release 4. 
The prototype software will be Digitals' Integrated Distributed Database 
LaboratorY (DIDDLY). This used to be a demonstratien of a multimedia 
tooi, now it is a development platform, of which the user interface and 
contentscan be modified. Data is stored in records, in a structure that can 
be modified by the user. Experiments with the display and storage of 
structured multimedia data types can be performed with this system. 

C.2. 9 Prototypes tor general research 
Many research questions conceming multimedia have not been answered. 
Within the Cooperative Engineering Centre the research projects focus on 
the applications of state-of -the-art technology. A prototype platform for 
general multimedia research will therefore be used for the study of can 
be used for the following research topics: 

• Research on hypertextihypermedia representation of data to compare 
the different implementations of the hypertext concept. 

• Research on audio representation ofnon-audial data. 

• Research on the conversion offor example video to animations ari.d the 
structuring of animations. 

• Research on the use of computer supported voicemail and video 
supported communication. 

• Comparison oftools to enhance the on-line reading of data. 

C.3 Prototypes for ESA 

If a prototype will be implemented for ESA, it will be used to serve a 
specific documentation function within the payload life cycle, based on an 
implementation of a multimedia payload 'hook'. Crew support is an 
ohvious choice, since the crew memhers have a variety of tasks to fulfill. 
The functions that will he supported in the prototype are some examples 
that can make use of multimedia data types. Some of these functions are 
the replanning, the on-line fault diagnosis and the training or refresh 
courses. Other prototype examples can he found in the development, test 
and integration procedures. Here, experiment with simultaneous 
development and documentation can he performed. 
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C.3. 1 Prototype tools for the crew 

C.3. 1.1 Replanning 

In the spacelab flights, the planning of all crew activities, called the 
timelining, is not a static scheme but is constantly being redone. For the 
Columbus flights which willlast for several months per incremental step, 
the replanning will play a crucial role in all crew activities. The way in 
which the planning will be done is not completely figured out but will 
probably be done in steps of for instanee a week or two. It might be 
possible that the crew will do some of the replanning within these 
intervals by themselves, but they will be included in the replanning 
process anyway. 
This means that they will need some tooi in which the current status of 
the planning will be reflected. Furthermore (and this would be the 
multimedia part) this replanning shall be done together with the ground 
planning service. So the application will support the collaboration of 
multiple users on one system. 

C.3.1.2 Training 

Training on-board is not common in spaceflights, because the crew has 
had an extensive training (two years is usual) before they do the flight. 
They receive a good and complete training in that period. U sually, the 
mission time is short, in the order of a week, so the retention of all that 
has been learned is high. For Columbus however, most of these remarks 
will not be valid for a number of reasons. 

1 The incremental intervals are long, about three to six months. This 
means that it is reasonable to expect that a crew memher will forget 
some of what he had learned. 

2 Furthermore, a crew memher might not be trained for a job but still 
needs to do it, because of unexpected problems that occurred. 

3 A large number of experiments will be shipped during a mission, 
which increases the chance of errors. 

Because of these reasons, on-board training must be offered, which can be 
either a refreshment course on a payload or a course that contains all the 
data to train a complete layman. The training shall be given by a 
computer tooi that supports both laymen and experts. The most 
convenient way for the crew to be prepared is when a course structure is 
offered that contains nodes and modules. Hypertext structuring, organized 
in a grid structure can be used (see section 4.3.5) for the organization of 
the training modules. This organization allows the crew memher to select 
the right topic and review the procedures on that topic. The ground 
training sessions can provide the video and audio material on the manual 
tasks. A novice level containing the more elementary aspects ofthe work 
will be included as well. These modules can be skipped when enough 
knowledge is available. 

C.3.1.3 Fault diagnosis 

Fault diagnosis is only useful ifminor errors occur. Errorscan occur 
because of a device which is malfunctioning, or because the instanation 
procedures have not been foliowed correct. Since the installation 
procedures contain a lot ofpartial checks on sub-devices, fault diagnosis 
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will make elaborate use of them. The crew cannot afford to do extensive 
repairing tasks on payload equipment, because it would disturb the 
planning. So, for every fault diagnosis, the computer should aid not only in 
locating the fault, but also in providing the estimated time to fix the 
problem and in making modifications to the planning scheme. 

C.3.2 Prototypes tor engineering 
Database technology can be used in the process of development, 
verification and integration. A lot of data in this process is changed often, 
especially drawings and test procedures. If the database is able to store 
drawings, procedures (This can be modular testing programs, storedas 
BLOBS), a working document can be created on basis ofthis database. 
The main questions will be: 

• Is document management in a multimedia database feasible if the 
data is modified often during the document development phases 

• How should the rnaintensnee ofthe multimedia database be 
organized. 

• What storage structure and retrieval mechanisms will be preferred. 
(object oriented, relational, hypertext lookalikes) and how can 
multimedia aid the selection of the required data. 

A possibility to answer these question is to install a multimedia database 
system on a small scale for a small development task. A possible candidate 
relational database system at the moment is SQL Multimedia Services for 
Rdb'VMS. The goal will be to store the data elements separately and 
create a document from these elements that is automatic updated when 
data change. Documentsin DOlF formatalready allow this automatic 
update of a composite document. 
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Appendix D 
Interview descriptions 

0.1 Summary of interviews 

This section draws conclusions from important aspects of the interviews 
with three persons involved in the payload lifecycle for presents space 
research projects. The interview descriptions are given in section 0.2. 
Enno Brinckmann who is a payload scientist, is interviewed about the 
communication processes between ESA and the scientific community. He 
describes how payload acceptance is done. Wubbo Ockels is an 
ESA-astronaut, who was a crew memher during the D-1 spacelab mission 
and is now involved in an office, concemed with crew aspects for 
Columbus. He is interviewed about the crew training and operating 
aspects. The third person that was interviewed was Hiltrud Pieterek. She 
works on ground processing tasks conceming payloads for Columbus. She 
explains about payload integration and verification issues. 

D. 1.1 Conclusions of interview with E. Brinckmann 
The payload scientist is the scientific interface between ESA and the 
scientific community. After a payload is accepted by ESA, the payload 
scientist is responsible for it and functions as the guardian of its scientific 
objectives and the consulting point when implementation or timelining 
questions arise. He is responsible for the creation of the crew procedures. 
but is also involved in the other documentation that concerns the payload. 
For the Columbus project, the cooperation with NASA and the work ofthe 
payload scientist will probably have another character. It is not yet clear 
how the project scientist will fit in the Columbus project but it is obvious 
that the large number of experiments require either a task shift to the 
users, or an increase of the number of payload scientists. Multimedia 
applications are considered only useful for the on-board crew use and 
ground training and not for the development process, although pictures, 
grapbics and video are thought to be usable as well, though not for the 
documentation. One of the reasons that people are reluctant to read from a 
screen is that on-line data is regardedas less safe and difficult to read. 

D. 1.2 Conclusions of interview with W. Ockels. 
The crew preparation and the payload/facility development remain 
separated until an opportunity exists that allow the cooperation. this is 
during the mission sequence tests and the crew fit and function tests, 
which are planned, and other tests on an incidental basis. Payloads can be 
classified in five main groups: Material science, fluid dynamics, physical 
experiments biologica! and life sciences. Each group requires its own 
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special tasks. Training for the astronauts is treefold. Partly it is normal 
conceptual classroom training, partly it is motoric or manual training and 
partly it is emergency handling. The latter is the integrated training part. 
The goal of most training is to improve the insight ofthe crew members. 
Crew training cannot be regarcled as a normal course, because the facility 
is normally not yet developed when the training starts and no expert on 
all aspects of the payload exist. So crew training is more looked at as a 
cooperative effort to comprehend the payload fully. The knowledge ofthe 
crew memhers becomes very broad. Most manual training takes place on 
an incidental basis, mostly when facility test must be done or when 
equipment is available. Multimedia is considered to be very useful, 
especially for the storage, indexing and fast replay of important video 
data, which is now not done because it is too timeconsuming and for high 
fidelity audio links. For direct communication, the GCO system is 
appreciated highly. 

0. 1.3 Conclusions of interview with H. Pieterek 
The element centre will have a major task in the payload development, 
integration and verification process. The planning and guidelines are key 
functions bere. Functional tests, interface verification tests and 
environmental tests are done as early as possible and coordinated and 
initiated by the element centre. The simulators with which to test all 
interfaces must have a high fidelity because not all interfaces can be 
tested on the ground, after the space laboratorles are in orbit. The 
documentation databases for the verification must also contain the 
building blocks and procedures for the crew. The required multimedia 
support will merely consist ofthe addition ofbuilding blocks and pictures, 
not so much sound and video. The possibility to create working documents, 
created from a shared database with automatic update functionality is 
required as well. Since currently only few meetings occur, multimedia 
communication systems will nothave a high priority. 

0.2 Interview texts 

In this section the full texts of the interviews are presented. The 
joumaling of the interviews are modified slightly to increase the 
readability of the texts. 

0.2.1 Interview with Enno Brinckmann, march 28th 1991 
• In this interview, the side ofthe payload scientist for the Spacelab missions 

is explored. The payload scientist is concemed with guarding the scientific 
objectives of all payloads and with the proper handling of this payload by the 
astronauts. He serves as the first question point for discussions that relate to 
the payloads. 

1 Can you describe your work and the information you need from others 
to do your work? 

I am a project scientist and responsible for the Biorack, which is a 
multi-user facility for biologica! experiments in Spacelab. Together with 
my colleague we are the scientific interface between the Principal 
Investigator (PI) and ESA Together with the project manager and an 
engineer, we are the interface between ESA and NASA It is not needed to 
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go to NASA with 12 scientists and answer their questions when two people 
can do this as well. We get the scientific objectives from the experimenters 
and are responsible for these within ESA when we communicate with 
NASA We answer the scientific questions about the proper handling of 
the experiments. Anything related to the Biorack facility is also our 
responsibility. Crew training is mostly supported by us, only in specific 
cases, the PI is involved in the crew training procedures. We get the 
information from the PI's and help to train the astronauts. Together with 
the PI's we make the crew procedures for the experiments and describe 
how the experiment must be performed in space. NASA writes the 
timelining but before changing anything, they consult us first if we agree 
with a certain shift in the timelining. Our logistics program supports the 
decision if such a shift is possible from the viewpoint of resources and 
science. We also keep a log of all document concerning safety, materials 
and tests of the experiment hardware. 

2 What other links to ESA exist? 
The engineer and the project manager keep in contact with the integration 
centre that performs functional checks on the facility. This is not a task of 
the project scientists. We get all the information weneed to define what 
possibilities and problems exist, but we are not responsible for the draft of 
the integration. The integration tests are done either with simulated 
experiments or with the real hardware, we advise which sequences to test 
and we describe the results we expect. In house there is also a 
mathematician for the development of the logistics program that 
simulates the experiments. We have two operators from ESTEC, doing the 
ground experiments and we have contractors for the setup of the 
experiments and safety engineering. In total we have about 20 people 
working for Biorack. 

3 How do you synchronize all activities of these 20 people? 
For local problems, like timeline problems the project scientists perform 
that, getting the assignment from the manager and coordinate with the 
mathematician. The coordination with the entire group is done by fax, 
phone or during missions. The project manager is responsible for setting 
up a timeline for the group activities. When one of the mission sequence 
tests was shifted three weeks, the project manager sends a fax to everyone 
involved about the shifts. Although the timing of this timeline changes 
often, at least everyone knows at which meeting one is supposed to be 
present. Most of the communications are done using meetings and letters. 
The communication with experimenters is done by fax or phone; in case 
they live nearby enough they come over as well. 

4 Would computer support be useful in this communication processes? 
Yes, but our team is using Macintosh computers because our project 
administrator preferred this for several reasons. NASA also uses them, 
and this facilitates our communication. For exchange of documents that 
contain drawings, like the crew procedures, a common document format is 
very useful. Unfortunately, since others within ESA use the IBM system, 
the communication with them is a bit difficult. Electronic communication 
with them is almost absent. 
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5 What documents are produced or other communication takes place in 
what sequence? 

The project scientist combines the scientific background and the 
infonnation of the experimenter to create the crew procedures. These 
procedures are checked by the experimenter imd the crew during the 
training befare they are released. The Acceptance Data Package (ADP) 
contains among these crew procedures all aspects of safety and material 
used. A blank hook is given to the PI. They provide the drawings, a list of 
the materials, the hardware and the test reports. The ESA issues a cail for 
experiments (announcement of opportunity) and sets a date after when 
the experiments must be accepted. When a PI is interested he can attend a 
meeting, where a general exchange of ideas between ESA and all 
interested PI's is set up. They teil us what they want, we teil them what 
we can offer (hardware and resources). Then PI's send a proposal, which 
will he a part ofthe ADP. It contains the baseline ofthe experiment, the 
scientific background, scientific objectives, how they would do the 
experiment, the rough timeline, the procedures and the publications 
conceming the experiment. A so called peergroup is reviewing the 
proposals. They study the scientific value of the experiments and see if all 
proposed experimentscan be fit in our facility. The national authorities 
are also using the results of this peer group, for instanee for decisions 
concerning nation al research programs. The group of core experiments is 
the group that is accepted and fit into the facility. An example of 
availability problems is the fact that the Gennans have a centrifuge with a 
fixed camera on it so you can abserve samples with different G-vectors. We 
don't have this for IML-2 so we agreed on an experiment, providing that 
we could use the Gennan facility. We also have a reserve list which 
contains experiments that are accepted because of their scientific value 
but did not fit into the facility; They might be flown if core experiments 
have funding problems or have trouble with available resources. The 
project scientist then has to produce bis part of the work, based on the 
proposal and discussions with the PI. Someone else makes an 
accommodation study for Biorack, based on the proposal or conversations 
with the PI and draws a rough timelining based on that. We then name 
the experiment, prepare the functional objective requirement sheet for 
NASA, where all activities are shown step by step, including crew 
activities. This is the basis for the timeline, which will be produced by 
NASA The second one NASA requests for is the flow diagram. Here is 
described where the experiments are allocated and in what status they are 
during the flight. They also want a short description of each of the 
experiments. These are included into a NASA document, called Operations 
and Interface Agreement (O&IA). Another document from NASA is the 
Instrument Interface Agreement (IIA), in which the facility hardware is 
described. It describes how it looks like, how many channels are available 
and where it is located. Most of it is copied from the IMLl mission. One 
other document that gives input to that is the Integrated Payload 
Requirements document. So summarizing, the timeline planning, flow 
diagrams, functional objectives and summary are written by the ESA 
project scientists. The IIA, O&IA and IPRD are written by NASA, based 
upon the documents provided by ESA The Procedure Crew Activity Plan 
(PCAP) is the most important document for the crew. They need it in 
space to find out when and how to do something. The PCAP is an 
elaborated version of the timeline and describes experiments. The 
timelining describes the timing of all activities. After they found out what 
to do, they use the crew procedures to find out how to perfarm the 
experiment. The timeline is the backbone of information for the crew. We 

Appendices A22 



invited all the PI's to discuss both the reserve experiments and the core 
experiments, to answer open questions and to learn to know each other. 
While we still had to negotiate with NASA for more resources for Biorack, 
the project scientists visited all the PI's to look how and where they 
worked and to discuss their experiment in detail. This is because the 
proposals and the rough timeline were not always based on the real flight 
hardware and sometimes they were just concepts. We discussed in detail 
what to change and test in each of the experiments. We sometimes had to 
make a change in the resources. It was necessary for us to know what they 
meant or still want the same. For them it was necessary to know in detail 
what we could offer them. Interactivity is necessary in these meetings, so 
it will he hard to replace it by electronic communication. As an example, 
we had big problems with the explanation ofthe layout ofthe centrifuge to 
some experimenters. You easily overlook details that might be obvious to 
you, but incomprehensible for others, so interactivity is necessary to 
transmit your ideas, and plain text and pictures might not be sufficient. 

6 What would be the difference between the IML missions and 
Columbus? 

The mission lasts longer, of course. This is both an advantage and a 
disadvantage. Some of the experiments need a longer time, but some do 
not and are better served with a short mission, especially when incubators 
are involved. There is an enormous amount of requests from biologists for 
using the dropping tower. This facility offers 4 seconds ofmicrogravity. 
Parabolle flights give 20 seconds of microgravity and the IML mission 
gives a week. Not every experiment needs a long time for microgravity. 
For the management of the work of a project scientist, things will he quite 
different. Crew procedures will he very different because of the 
uncertainty in the planning and the unacceptable amount of paper for a 
three months mission. An idea is to give them a time frame in which you 
teil the crew what they have to do. U sing telecommunication systems, the 
final decisions are taken by the ground people and they refine the 
planning. They need other training in which they learn the general rules, 
and the decisions about contingency procedures will he taken together 
with the ground control. Another difference is the fact that the PI can 
choose between a man-tended (permanent presence) and man-attended 
(occasional presence) mission. 

7 Will the Columbus project change the number and complexity of these 
revision steps? Does the number of experiments, the long time of 
spaceflights and the possibility of having an untrained crew provide 
for difficulties? 

A lot ofthe safety requirements will remain the same. The design ofthe 
experiments will be different but the interaction between ESA and the PI 
will remain the same. Since a lot depends on the facilities that the Hermes 
space plane will offer, it is just speculating how this will be accommodated 
for Columbus. 

8 Talking about multimedia, what can interactive documents mean for 
you? 

For crew use in training and onboard and for the transmission of complex 
ideas, multimedia can be very useful. For interaction between the 
astronaut and the PI it would also save a lot of time. An example bere is 
the selection ofthe sample that an astronaut must take for an experiment. 
It would be best to show them to the PI, who can select the best one. The 
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alternative is to train the astronaut to take the sample himself, and to let 
the astronaut do just the manual work. For specific experiments, we have 
text, picture, voice links and television downlinks so the interaction can he 
performed. In long time flights, during the development of the experiment 
we might make new crew procedures, because certain circumstances could 
not he foreseen before. For this type of experiments we cannot foresee all 
possibilities, so monitoring will he necessary. 

9 In what way would these information be arranged for the crew to be 
effective in space? 

We have already information storedon disk. Most people however, do not 
have a lot of trust in disks and do not like to read from a screen. This 
should he overcome by improving the access of the information. Most 
scientific documents are only partially useful for the one that wants to 
read it. So information should he accessible for the reader (and remain 
sensible) in non-linear ways. This means that a lot of redundancy needs to 
he added to the original document to make it suitable for 
hyperstructuring. Figures should he completely self-understandable, they 
should he clear without reading the text. 

10 What do you consider to be the most severe bottleneck for 
communication concerning your work? 

The amount of paper is too much to he comprehensible. Above that, ifyou 
consider the fact that most of the information will he revised, even during 
the flight, you do not feellike readingit as well. A reason is that people 
start too early with baselining these documents. It might also he true that 
reviews should he organized in a different way. A big problem is that there 
is a big organization which is affected by small changes in documents. For 
the IML1 mission, the work for 17 experiments is done by four people. The 
NASA once used 21 people to do three experiments. All these people 
produce paper that needs to he read. Ifyou workin a large group, this type 
of communication is not effective. In such a large group, the 
responsibilities are not clear anymore as well. In a group of 20 people, the 
paper everyone produces are their responsibility. But since these papers 
are not being read, it is not effective anymore. The communication on 
paper might not reflect the true situation anymore. When errors occur, 
and the paperwork is done correctly, no-one is or feels responsible 
anymore. We had a similar problem with the administration, where the 
paperwork ruled instead of the common sen se. ESA should he a ware of 
these problems. 

11 Are the astronauts served by a possibility to talk to the real inventors 
and work with the real hardware? 

A project scientist is not the in ventor of the experiments, but is 
responsible for all of them. He bas to take a decision, even if the time is 
notlong enough totalk to the PI. In that vision, he is a manager, although 
he tries to remain a scientist. An astronaut bas of course the right to ask 
for the PI, in case of doubt. 

12 What ways do you see in overcoming the problem of 
non-communicative, long videos? 

For recording of the experiment video can he very illustrative. A video of 
Biorack bas been made by an external company for the experiment 
sequence tests and the crew looked at the way in which the original 
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scientists did the experiment. The crew was really impressed seeing the 
complexity of the hardware. Some concepts need to be visualized for easy 
comprehension because there are 15 to 20 things you have to keep in mind 
if you are the astronaut or one of the ground people and it is impossible to 
communicate it using paper. We also have a video ofthe Biorack which 
was done by the team here. The professional one proved to be much more 
effective than the normal one. We have of course all tapes that show what 
the astronauts were doing in space, to see if they made mistakes. These 
areabout 45 hours of tape, which is not accessible for the crew, only for 
the PI's they mean anything. These video's might be re-usable ifthey were 
indexed, because only partial clips are interesting, for example to show 
how Biorack works. Mistakes that astronauts made are also of interest to 
the users. 

0.2.2 Interview with Wubbo Ockels, February, 15th 1991 
• This interview is mostly concemed with the training for the payload and the 

operation of the payload by the crew. lt describes the view of the astronaut. 

1 What is your accupation for Columbus? 
To run an office which is the focal point for everything conceming 
Columbus crew activities. These activities are selection, operations, 
training, assignment, planning and the onboard payload operations. 
Onboard payload operations are all crew activities conceming the payload, 
together with the remote controlled payload operations. 

2 What cantacts exist between the training centre and other parties that 
process the payload. antegration, planning, test etcetera)? 

The department of microgravity and Columbus Utilization resides under 
Jean-Jacques Dordain. Rolf Jonsson falls under this department and his 
concern is the payload integration and the operations and training. The 
acceptation and development of payloads are the responsibility of 
Martinides. Procedures are defined for the Columbus project as follows. 
The design is done by the payload developer, the prototyping and the 
hardware check-outs are also done at that location by transporting the test 
equipment to that site. No forma! involvement exists between training and 
acceptation. The training centre works autonomous andjust gets 
requirements. The only cooperation is during the mission sequence tests, 
where astronauts are used for performing these tests, which of course is a 
good opportunity to train them. lt is the most convenient moment for the 
crew to work with the real hardware and is planned as a part of the 
training. 
Every time that an opportunity arises where crew participation is 
mutually beneficia! for training and integration centres, the payload tests 
and training are combined. This is mostly done on an meidental basis and 
in an interactive way. As an example, after the man-machine interfaces 
are defined, the phase of crew station review starts. The layout of the 
buttons, controls, the displays and the corresponding texts are defined and 
active crew participation is welcomed here. The crew fit and function tests 
are done after the design and breadboards are completed and the design is 
in the engineering model phase. Here is checked out whether the 
equipment interfaces physical to the crew. Other tests are done on an 
meidental basis. In NASA these are mostly organized by the engineering 
support organization, which is part of the astronaut office. Their 
perspective is from the crew and they are supporting the ideas that the 
astronauts want to push. They can also assess technica! ideas or evaluate 
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new inventions. In general, they are involved in the technica} decisions 
that concern the astronauts. This will also be done by the ESA. Now it is 
handled by the astronauts centre in Köln. This centre decides about this 
interface between astronauts and engineers and is not a part of the ESA 
program structure. 

3 What information is needed to train a crew? 
The content of the training is parallel to the development for spacelab. If 
the development is conceptual, the training is also conceptual. Y ou never 
try to train for a payload that has not been developed yet. For Columbus 
however, you can have an untrained crew, while the space station and the 
payload are operational. If a payload is operational in space, you need a 
second experiment on the ground which will be located probably in a U ser 
Centre. Here is where an astronaut will be trained to get as much insight 
on payload aspects as possible. In another phase the training is focused on 
how to learn to work with all equipment and experiments together. This is 
done using a simulator where all experiments are represented by some 
mathematica! models. The focus here is not so much the experiment itself, 
but the timelining, checks on used resources (power as an example) and 
penetration of errors. The phases of each experiment define the amount of 
attention that is needed for it and the power it uses at that moment. 
Multiple emergency handling must be trained as well. 

4 What types ofpayloads exist and what impactdotheir differences have 
on the training? 

The first group is material science, where crew activity is mostly manual 
labor. The equipment is usual an oven, which uses a lot of power as 
resource. Of course, also examples exist where the crew controls 
parameters of the process. The equipment is complex and the crew is 
trained to use and repair this equipment. Since the judgment of the 
results is done after the flight, the interpretation of them is not an issue 
during the training. A second group is fluid dynamics, where the crew 
memhers function as scientists and judge results. So the crew is trained to 
judge results bere. The equipment is a bit complex. There is also a group 
of physical experiments where no real knowledge of the experiments is 
necessary and most ofthe tasks are manual again. The biologica! 
experiments form the fourth group. The experiments are time-consuming, 
because a lot of controls need to be monitored. Incubators are used aften 
here. The training is manually and focused on knowing the system. The 
equipment here is simple. The group of life sciences is where the 
astronauts are the subject of experiment themselves. They train here for 
Iabaratory assistant tasks. 

5 What phases during the training exist? Are evaluations planned on 
specific times? 

At first you will have to train a crew memher what this specific science is 
about, if this science is not his discipline. After that he has to learn the 
theoretica! background ofthe experiment. Next step is to learn about 
using and repairing the facility in which the experiment will be performed. 
Then, he learns to use the experiment in the facility. At last, he learns to 
supervise all experiments tagether and react to (multiple) errors. 
Evaluation is a part ofthe process oflearning and happens continuously. 
For payload training, course evaluation is impossible, because there is no 
such thing as a course, with an ignorant pupil and an all-knowing teacher. 
The payload originator, the facility developer and the crew are a team, in 
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which nobody knows all there is to be learned. After the training, the crew 
knows even more about the payload than the scientist or integrators do. 
multimedia is valuable to record the training you do at the first place, 
especially the hardware. Lateron, the phases of this training can be 
recalled. This is useful for the on-board training and ground training after 
the normal training has been done. Multimedia is essential because ofthe 
specific type of training, or preparation which is a better word for it. The 
knowledge of the crew about the equipment they use is very broad. They 
must know about the concepts, the system to payload interface, the 
payload construction, they will operate the payload and know about the 
scientific background and objectives. So the crew must have access to the 
drawings, pictures, procedural steps to resolve questions and aid 
discussions during error recovery. Here multimedia is an essential tooi. 

6 What time is needed for training for error recovery and what for 
normal procedures? 

When you do mechanica! training it is hard to train on errors, so what is 
done insteadis a training on insight. The crew memher is familiarized 
with the hardware. He might take the equipment apart, just to see how it 
works. lfthis is not possible, the hardware familiarization is achieved by 
working with the equipment and understand its concept. The purpose of 
this training is to recognize misbehavior and normal behavior of the 
payload Controlled training is focused mostly on error recovery 
procedures, how to check and find errors and sequences for repair. This 
off-nominal procedures are oot trained because you expect the off 
nominals to happen, but to learn about the experiment and its interfaces. 

7 What can multimedia add to normal audio-visual training material? 

The video tapes we have are quite inaccessible, both because we have a lot 
of tapes and because ofthe fact that it takes a lot of time to see them. No 
information compression is possible. A page of text, to take an example, is 
written in one hour, but can be read in a minute. This is impossible when 
you use video to record a training. Apart from that, it is very difficult to 
see what a man is doing, just from looking to the training. These two 
probieros make our video material very inaccessible. 

8 Would it be useful to extract information from the existing videos? 

Yes, crew procedures for instance, an analysis for optimizing the crew time 
could be extracted from the existing videos. This could yield a factor two in 
efficiency, which is quite a lot, given the fact that an man hourinspace 
was equivalent to one million DM for the Dl mission. This analysis is only 
possible if classifications about the type of crew work are made and the 
information is made retrievable in a acceptable amount of time. The 
classification should be elaborate. The information should rnaintaio a 
balance between the user initiated search and spontaneous information. 

9 Can multimedia play a role in communications between people of 
different knowledge levels and disciplines? 

The Graphic Command Overlay (GCO) system can play an important role 
as a communications system. Here communication can be deepened 
because both parties have the same visual information at the same time. 
This is necessary because of two reasons. At first, the spontaneous 
knowledge about a procedure is low if this procedure has not been used 
during the flight. This means that you need to fall back to the resident 

Appendices A27 



knowledge that you have about it from the training. To talk about it in 
details however, you need additional information stored on-board. It is 
impossible to transmit all information because of busy communication 
channels. So a common laserdisk, positioned on the same picture for both 
parties is improving the communication a lot. Second, the international 
character of the spacellight makes that the expertise for equipment is 
spread all over the world. So, if you need to talk to an expert, you need to 
have a normal telephone link, enhanced with a GCO system. 

10 Can the group communication during the training with PI, integration 
centre and other parties also be enhanced using multimedia? 

I do not see video as a useful alternative to normal conferencing. Most of 
the time, you feel more like going to a person, rather than creating a video 
link. Much more important is audio of high fidelity quality. Sound is very 
underestimated compared to video at the moment. A higher bandwidth for 
audio improves human communication a lot. For Columbus, instead of the 
3 audio channels of20 Kbitls each we should have 64 channels of 64 Kbitls 
each. This also offers the opportunity to hook on a modem and use ISDN. 

11 Is multimedia support of onboard functional checking planned? 
We are thinking about that. Execution of procedures might be supported 
by computers and it is obvious that we want it. A step further is to give 
audio-visual instruction prior to the execution of a procedure. Again, the 
problem is here to shorten the time needed to look at the video material 
There are techniques coming from the video clip world to cut a number of 
pictures and scenes, in such a way that the information remains complete. 
Unfortunately this technique is not studied at ESTEC at the moment. To 
do such a type of video processing, you would need an audio-visual 
production centre and expertise, perhaps from themakers of video clips. 
You can get the idea of a slow moving person, while the actual movement 
is fast. 

12 What is the most annoying communication bottleneck for training? 
The organization is often a burden. The astronaut needs to contact the 
real originator and the real hardware, and not the management. Most of 
the time, there are too many layers between the real thing and the 
astronaut. Simulators are seen as the procedural values for the overall 
management. The real knowledge of a payload however, is leamed from 
the originator of the payload and the real payload. To get to the real 
knowledge is one of the difficult issues of the training for astronauts. This 
need for communication with the originators will be apparent during the 
Columbus spaceflights as well. That is why a normal telephone should he 
available onboard during the spaceflights and the astronaut must be able 
to call anyone he wants. Auditive communication between people is more 
important than visual communication. Video is useful for checking now 
and then. 

13 So you think that video information is useful for training purposes, 
but audio for expressivity? 

Yes, audio ofhigh quality however contains both information via 
intonation and vocabulary If the bandwidth is high enough, you can find 
out what people mean by listening to them. But if the bandwidth is 
limited, people tend to talk in a mechanica! and formal way and you lose a 
lot of vocal information. Long delay times can also limit the vocal 
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communication. 

0.2.3 Interview with Hiltrud Pieterek, February 8th 1991 

• In this interview, the payload facility to system integration side is 
highlighted. The acceptance and approval of payloads is asked about, as well 
as the procedures and tools that the integration people use. The interaction 
with other groups within and outside ESA is also a topic of interest here. 
When the word payload is used, a payload facility with the payload is meant. 

1 What is the scope of your work for Columbus and Columbus related 
work? 

At the moment, my work is the ground processing for payloads and 
replacements during the major operations phase. When the flight 
elements are in orbit the main task is to serve and service them and 
operate payloads. We are studying a centre that takes care of these 
functions, for instanee the logistics, how to replace payloads and 
subsystems, what kind of acceptance is needed. Lateron, the in-orbit 
support will be added to my work. Two of these 'element centres' as they 
are called will be operated; one for the Free Flyer, and one for the 
Columbus Attached Lab. Later, perhaps there might be one centre, 
serving both laboratories. An element centre will have three functions: 
engineering support, logistics and payload integration support. The 
element centre will do the planning and issue the guidelines for a formal 
acceptance of payloads. These guidelines depend on the system that the 
payload is operated in. This means that the system defines specific 
requirements for the payloads. The centre will supervise the actual 
performance of the acceptance, if necessary every step. The verification 
step is the final part of the formal acceptance. The acceptance consists of 
qualification ofthe payload hardware and includes payload vibration and 
thermal tests. Next is a functional test on that equipment, while 
simulating the interfaces to the system. The final step is the real interface 
verification to the system. Payloads cannot be accepted before anything 
has been built, although approval of the design on similarities is possible. 
You needat least a contract and design plans for this approval, but 
approval is not the same as acceptance. 

2 What is the sequence of activities, applied to a paylood? 
In response to ground processing: If an idea is raised, you look for someone 
who funds it. Some scientists can have a need for some piece of equipment 
to operate their samples in, or have an idea for developing their own 
payload. After then, an order is issued for development of a specific type of 
equipment. This equipment can be developed by ESA or by the industrial 
world. The type of payload can be a single payload, operated within the 
rack which you just switch on and operate. It can also be a very large 
payload, up to three or four racks. The following generic steps are taken: 
let us assume that you have made your studies and decided what the best 
technical solution would be, These are steps that one takes in phase A and 
B. After then you start with the design and development of your payload 
after a contract has been signed for it. This is already an interactive 
phase, since the design is reviewed and redone if necessary already in 
these two phases. (design definition review and critical design review. In 
the development phase you already have done your requirements study, 
specifications and definitions (Phase A and B). Here is defined what is 
allowed to be operated in the payload and what restrictions exist. The 
system side will give the safety specifications environmental and 
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operational conditions. In the development and the manufacturing phase 
you do most of the tests on box level, (EMC tests, mechanical tests, etc.) 
Vibration tests will be done on the level of structure. Depending on the 
requirements, a number of tests will also be doneon an integrated level. 
On this level you have your equipment assembied tagether in a rack. 
U sing this rack as an entity you do some additional measurements, like 
centre of gravity measurements and other things for the system 
integration. After the hardware bas been manufactured it will pass the 
final acceptance where the interface verification and system performance 
verification is the responsibility of the system level. 

3 In this sequence you described, where are the main points where 
documentation is written? 

The specifications that are received from the system level should contain 
everything and must not be updated very often. These documents must be 
either case by case set versions or can cover all possibilities so you have ta 
fu.lfill a subset ofrequirements, depending on the payload. In the 
acceptance process all testing will be documented, the payload developers 
need ta fill in or provide for the design material and test reports. These are 
called the acceptance data package. In general it is a living document and 
you have filing systems, design tools like CAD packages in addition to the 
normal text processing taols. Your engineering database containing these 
data will be updated according ta the progress that your hardware makes. 
After tbat, you have proofed drawings and databases tbat are delivered, 
using tbe same time schedule as tbe hardware and are delivered as part of 
tbe acceptance data package. The payload developer also has ta deliver tbe 
sequences of functions how ta operate tbe payload witbin tbe respective 
environment. We cantbink bere ofinstallation and order of activities or 
tbe number of tests tbat will have ta be performed. 

4 You mentioned the existence of a living documentfora payload. Are 
the documents also revised as part of the revision sequence or are the 
documents written after the acceptance has been performed? 

lfyou look at tbe as build contiguration documents you have to write tbem 
afterwards or at least in parallel witb tbe normal development. As far as 
tbe requirements and specifications are concemed, it is necessary to write 
tbem in advance, because it is your ruling document for the design and 
development. For drawings, most revisions are reflected on tbe drawing 
itself, so this documentation is done in parallel with tbe development. 

5 Is the operational documentation for payloads also written during the 
design and test phases? 

You will document the functional building blocks, in a modular approach. 
Each step can be used in a number of operations. The operational 
documentation is written using these modules. The documentation will 
most of tbe time be set up by different people, especially when the syntax 
and tbe crew needs are concemed. Sametimes tbey work tagether in 
cooperation with the payload developer. The documentation of the befare 
mentioned blocks and perhaps the persons that built them will be 
consulted for writing the operational documentation. 

6 So the documentation for crew use will not be written by the element 
centre but will make use of the building blocks you defined? 

Yes, since the elementcentreis not the developer ofthe payload, they only 
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monitor the acceptance process and supervise it. They also do the 
assembly analysis and analytica} integration on the configuration process 
of the different payloads. The element centre is concerned with the layout 
ofthe payloads together, looking at human considerations, factors like the 
centre of gravity of the rack, vibration considerations and so on. The 
element centrealso does the planning for the whole set and necessarily 
does a planning for the overall acceptance flow of all payloads. There 
might be shifts because of delays in the development, non-acceptance or 
errors. This, tagether with payload interfacing to the system in the main 
task of the element centre. 

7 Concerning differences between Columbus and earlierspace flights. 
Since Columbus does not return after a mission, what consequences 
does this have for the veri{ication and test procedures? 

For verification sequences the only difference is the place where the final 
verification takes place. The difference is more or less psychological as you 
have to give give away the responsibility of the verification process and 
you tend to think that you do things better yourself. Generally spoken. you 
do al ready a lot of steps in simulators. In earlier phases, this is done in the 
spacelab environment as well. In the payload rack integration, where the 
combination of all payloads tagether is assembled, you lack both the 
spacelab environment and the onboard computers. So you simulate the 
operational environment. This phase is called level four. This level will 
stay the same for Columbus. Level three is the integration into spacelab 
and the operation tagether with the flight computer. Level one is the 
integration into the shuttle. All these integration levels won't be there for 
Columbus. We will have level three and one combined for Columbus. The 
payload is put into the CAL, but attached to the CAL is the whole space 
station. You would install the payload and run a fu.nctional checkup but do 
no extensive testing unless you have a failure. You would not do various 
EMC tests for instanee on that interface from CAL to Space Station. The 
difference will be that the simulators will be more high fidelity and 
flexible than they were in the past. 

8 What do you expect will be the most severe problems that you wül 
encounter while integrating and testing payloads for Columbus? 

You will need much more training for Columbus. Within the spacelab 
approach you use the expertise that people gained during the development 
ofthe payload. During the integration process they are used as the 
operators, together with the system people. Crew memhers are used here 
lateron, they are trained on mockups mostly, and sometimes on the real 
hardware. There is a simulator where the crew has been trained on 
concerning flight procedures and times and sequences. They visited the 
payload developers during the manufacturing phase. For the system task 
itself there was limited access, since it could only be operated by a crew 
that was very well trained already. This is because ofthe risk of a 
demolishing the equipment. The effort for training is higher, and it goes 
together with a good documentation in which you also describe the 
experience you have. It is more difficult to describe experience on paper 
than it is to talk about what you have done. 

9 Is the fact that the project lasts for a long time and the fact that the 
people move from time to time a problem for the Columbus project? 
The inventor may not be around anymore. 

It calls for good documents but also for good handovers and training for 
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the successors. This demands quite a long training time. Otherwise you 
have to set up documentation in which you consider the demands of the 
successor ofyour job in advance. Taking the element centre as an 
example, where the operational lifetime is about 30 years. You do not see 
that the experts stay for the whole time. It is like a normal company, and 
everyone can leave as they want, so you need to make a training program 
to overcome this problem. The payload programs, as far as the utilization 
part is concerned, offer less problems. Most payloads may not last longer 
than 5 years. So this is the time that people stay available. An example, 
the Werkstoflabor is already very old, 10 or 15 years. lt has changed and 
has suffered from changing personnel which was costly and 
time-consuming but never was serious as there were long times between 
the flight opportunities. lfyou have hardware operated for quite a while, 
the systems and infrastructure mostly will cause the problem, since they 
are not exchanged very often and the experts might have gone. The 
interfacescan propagate the problems and ifyou do not know which side 
ofthe interface caused the problem, it is hard to find it. The infrastructure 
is a payload element or facility that offers common services to 
instruments. Examples are shared computers, cooling elements, pumps 
and so on. 

10 Are there any communication bottlenecks? These are points in 
information gatkering for the integration process that slow down the 
whole process. 

All infonnation you need must be gathered, although the work might be a 
burden. You set up a number of meetings and infonnation exchanges, and 
contractual agreements. lt is more than a protocol, more a document in 
which you agree on the interfaces, space and processing requirements. You 
have a fixed infonnation exchange. This is also done in revised steps. Once 
the payload is starting to be built, in the middle of the development and at 
the end. Lateron, there might be changes as well. So there are four or five 
meetings in which you update your agreements and make lists of what the 
system side must provide. You might need specific tools to integrate or 
install a payload. 

11 What software do you use during the integration and test phase, for 
the specific check-out? 

You have check-out software (Software you run on the simulator to check 
out if interface and data transfer simulators work fine.) For Columbus you 
have a more high fidelity simulator and ground databases which already 
exist. For Spacelab you had a ground database which was simulated. In 
the higher levels you have to check out your ground database together 
with the flight system. Now you have the actual ground database and the 
operations centre available for Columbus so you have an actual end-to-end 
check-out in advance. 

12 So your check-out data, containing the hi-fi and lo-fi data for the 
simulations resides in databases? 

Yes, before that you look at the raw data stream, to check conversion steps 
in either database. So, for comparison reasons you might maintain a 
database which is independent from your ground database. 
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13 Has a documentation database also been used? Ifnot, do you think is 
might be it useful? 

It has not been used, but we were thinking of automatic cammand 
sequences, which describe the procedures in the syntax. But the 
development of software that run a procedure automatic did not make 
sense since the setup time was very long and the results still had to be 
checked. Those procedures have only been used for use, for example 
activation and deactivation of equipment. You could help yourself using 
acknowledge steps and run it like you would run a manual procedure. 
Normally you do notrun these procedures very often. In fact, if all is right, 
you run it only once. What you would need are modules, to run more often. 

14 Is it possible to derive the procedures to run the tests from the 
documentation? Is the most important problem the {act that the setup 
time is very long? 

Yes, this might be possible. The payload developer can develop the before 
mentioned building blocks, like startup procedures or dependent 
procedures. These procedures and rules should be documented and kept in 
mind. During the verification procedures, you set up requirements onto 
the interface verifications. You define what you need to see. You might 
want to see the whole functionality over the interface and the effects on 
that. You put tagether sarnething that makes sense to operate a payload 
and satisfies all your requirements on the interface verifications. The 
sequence you make is as meaningful as possible and to do this, you talk to 
the payload developer. After you finished your sequence, you talk to him 
again. lt would be helpful to have the building blocks. You still need to 
contact the payload developer as well. Another difference between 
Columbus and Spacelab is the need to write down installation procedures 
in a different way. This is both because of the different audience and 
because of the fact that installation into Columbus is restricted to the 
limited possibilities of a space environment. 

15 What we discussed so far are all functional tools for the installation. 
What about related tools, like wordprocessors, spreadsheets, with 
which you describe your work? 

You seldom use them. You have an infrastructure which you need to use, 
like the CPAH, the accommodation handbooks, your requirements. lt 
would be meaningful to have them on-line, for traceability. Procedures on 
the level of the building blocks would also be useful, if it is used more than 
one time. A filing system would be useful, if equipped with advanced 
search and trace capabilities. 

16 Coming to the subject of multimedia, can you see ajustification for 
using multimedia for parts of the work you describes? 

Yes, but mostly for inexperienced people, crew training and people who 
need to see things after some time. For the element centre, it would not 
make too much of a difference. Film or photo's are probably the best way 
to document information in case you have to operate it (manual tasks). If 
you have a drawing, a picture would be nice as well. You would see these 
things in the CP AH and this would be sufficient for most things. For 
ground integration it would not be needed. In space there are more 
restrictions on time and room, so it is useful to use multimedia 
information. 
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17 Is a difference in experience a reason for not needing multimedia? Is 
multimedia useful in communicating your ideas to others that need to 
know about your work but are no experts? 

Because the crew needs to do a lot of other tasks, they are no experts in 
integration tasks. On ground, the specialists will perfonn these tasks. 
Communicating your ideas with multimedia, in the decentralized 
approach, is sensible. At the moment, the approach is to have integration 
test stands in various user operation centres. You do payload and interface 
verification decentralized. This will be done by personnel ofthe element 
eentres (systems and interfaces experts), together with user operations 
centre personnel (payload hardware experts). Information exchange 
between element eentres and U ser Support&Operations Centres. The 
USOCs would use the CP AH, which is upgraded and updated by the 
element centre and they would give the know-how and expertise to the 
USOCs. If this decentralized approach will be continued, this information 
exchange will have to be supported. It is unsure if film material is 
necessary, but photo's and graphics would be handy. Using the video link 
for up- and downlink of material for training, contingency and 
maintenance will be necessary, although multimedia will not be necessary 
here, a plain video will do. We could consider having this information 
already available on-board but it would take careful design to structure 
this infonnation. Normally, this material would be containing the normal 
procedures, a failure analysis, and contingency plans how to operate if 
things go wrong. All these procedures could need support from video 
sequences and sound in which you simulate all procedures. The analysis 
would be more serious. You could show how to assembie a payload, reach 
fuses and open cases. These would be helpful, though not mandatory for 
the crew. 

18 Were the databases you mentioned supposed to be plain databases, not 
supporting sound, pictures and video? 

There is not much use in sound, but graphics and pictures would be 
helpful for ground operations. You would have to change your behavior if 
you would want to use these things. You analyze very long, and get 
acquainted with things as text and pictures and talking to people gives 
more leaming than looking at film material. Voice or sound information is 
good for places where nothing else is available. If the leaming curve is 
quite long and differ during the leaming process, you leam better if you 
listen to the materiaL 

19 Do you consider visual information more susceptible to 
misinterpretations than text? Is pictural information cultural 
dependent? 

A combination of text and graphics would be best. (identifiers on a picture 
or explanatory text on it). Sometimes too much text can be misunderstood 
as well, especially if English is not the native language for some of the 
authors. Everybody has to adopt and interpretes to various extents. So 
textual information might be misleading as well. For the ground 
integration, it is best to let engineers work the way they always did. They 
might not feel responsible anymore, if they have to work the way that 
multimedia forces them, because someone else has thought what they 
should think and put it on disk. Engineers need no interpretation but 
information, if possible delivered in building blocks. So the field in which 
they are responsible would be maintained and then they make a story out 
ofthe information they get. For the crew, the same applies. They see 
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themselves as engineers who get information and gives a salution as a 
re sult of what they should do and do not. Although their main task is to 
perfarm experiments, they will have to repair equipment. 

20 What about informal information? Is it useful to support informal 
communication with electronic tools? (conferencing, mail, videotext) 

In general, informal in formation exchange is the basis of the creating 
process, and shouldn't he replaced by electronic data exchange. These mail 
and conference tools might he helpful if you start being creative. But 
creativity cannot he planned too much. Person to person communication 
gives the opportunity to adjust your story to the persons knowledge and 
background. If you have an idea that is very vague, sametimes you are 
even unaware of the fact that you have it, it grows when you are discuss it 
with another person. Of course, mail facilities have their advantages as 
well, as an example in reaching people that are absent at the moment. 
Electronic conferencing will he useful for reconsidering steps, redesign and 
so on. Facetoface communication is the highest form of multimedia you 
can get. For information retrieval, I prefer a hook above screens. It gives 
visual information about page layout, you got lots of sensory information 
and a hook is less tiring to read, compared to a screen. If electronic 
indexing is very good, on-line help can he very useful. 
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Acceptance Data Package 
Announcement Of Opportunity 

Attached Pressurized Module (synonym for CAL) 
Binary Large OBject 

Computer Aided Tomography 
Cooperative Engineering Centre 

Columbus Free Flyer 
Columbus Attached Labaratory 

Compound Document Architecture 
Columbus Mission Control Centre 

Crew Procedures Accommodation Handhook 
Columbus Polar Platform 

Digitals Document Interchange Format 
Direct Manipulation Interface 

European Launcher Development Organization 
ElectroMagnetic Compatibility 

Engineering Support Centre 
European Space Operations Centre 

European Space Relayed Information N etwork 
European Satellite Research Organization 

European Space Agency 
European Space Technology Engineering Centre 

Fiber Distributed Data Interface 
Grapbic Command Overlay 

Ground U ser Interface 
Instrument Interface Agreement 

International Microgravity Labaratory 
Integrated Payload Requirement Document 

Integrated Services Digital Network 
International Standards Organization 

International Space Station 
Intelligent Tutoring System 

Joint Photographic Experts Group 
Motion Pictures Expert Group 

Magnetic Resonance Images 
Manned Space laboratorles Control Centre 
Man Tended Free Flyer (synonym for CFF) 

Microgravity U ser Support Centre 
N ational Administration for Space Affairs 

NEtworked System for TutORing 

Appendix E 
Acronyms 

ADP 
AOO 
APM 
BLOB 
CAT 
CEC 
CFF 
CAL 
CDA 
CMCC 
CPAH 
CPP 
DDIF 
DMI 
ELDO 
EMC 
ESC 
ESOC 
ES RIN 
ESRO 
ESA 
ESTEC 
FDDI 
GCO 
GUl 
IIA 
IML 
IPRD 
ISDN 
ISO 
ISS 
ITS 
JPEG 
MPEG 
MRI 
MSCC 
MTFF 
MUSC 
NASA 
NESTOR 
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Operations & Interface Agreement 
Open Systems Interconneet 

Procedure Crew Activity Plan 
Principal Investigator 

Payload Operations & Control Centre 
Payload Operations and Integrations Centre 

Space Data Network 
Standard Generalized Markup Language 

Space Station Control Centre 
Tracking Data Relay Satellite System 

U ser Home Base 
U ser Support Organization 

U ser Support & Operations Centre 
X Image Extension 

O&IA 
OSI 
PCAP 
PI 
POCC 
POIC 
SDN 
SGML 
ss cc 
TDRSS 
UHB 
uso 
usoc 
XIE 
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