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Abstract. To depict information flow structure of spacecraft system, the paper
introduced information flow analysis method and defined tow information flow
factors, the entity and the relationship. The relationships among entities were
analyzed and the information mapping rules of activities and roles were given
with information flow as main line. Based on these information mapping rules
which were adapted to the spacecraft development process and engineering
practice, models of collaborative design activity, role and information alterna-
tion were built. Finally, the application of the Electronic Data Sheet Manage
System (EDS) showed. The results show that the method and models proposed
in the paper are feasible and effective, which satisfy the collaborative design
requirements of the spacecraft information flow.
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1 Introduction

The information flow design of spacecraft system is a part of the overall design of
spacecraft. With the continuous development of spacecraft technology and the accu-
mulation of experience, the means of spacecraft development are constantly enriched,
and the functions, logic, information flow, software protocol and interface of spacecraft
system are becoming more and more complex. Traditional mode of implementation
can’t meet the needs of complex system design, development and integration testing.

In view of the fact that spacecraft development is a system engineering involving
multi-disciplinary integration, and its development process has high requirements for
the control of the overall state of the product, in order to solve the above problems, all
parties propose to adopt the information flow collaborative design method to improve
the efficiency of satellite product design and reduce the cost of product development.
At present, information transmission has become a key research field in information
management, as research showing in [2—4]. However, these studies are from the per-
spective of macro and management, and stay at the conceptual level, lack of theoretical
and practical. As a result, they can’t support real system design. Based on the infor-
mation flow analysis method, combined with the development process of spacecraft in
China and its application in engineering practice, this paper defines the information
flow elements, studies the information mapping rules, establishes the collaborative
design model, role model and information interaction model of spacecraft information
flow, and describes the complex and diverse information processing and interaction
relationship in spacecraft information flow design. Thus, it provides a new idea and
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method for spacecraft information flow collaborative design modeling and information
demand analysis. Finally, this paper gives the operation effect of the information flow
collaborative design platform based on the model.

2 Information Flow Elements

According to the basic principle of information flow analysis method, the character-
istics and change rules of information in the whole interaction process are the key and
difficult points of the research [5]. Therefore, the primary task is to clarify the infor-
mation flow elements of spacecraft development and their relationships. According to
the general method of architecture design theory, spacecraft information flow devel-
opment elements can be divided into entity and relationship.

2.1 Entity

Definition 1: Entity is all the objects related to the design of information flow system
under the traction of specific task requirements, including collaborative design infor-
mation, collaborative design role and collaborative design activities. It is represented
as:

CE = {CE;|i € [1,m]} (1)

In formula (1), m is the entity category [6]. The level and quantity of similar entities
are determined by the form and view granularity of the collaborative design system of
information flow.

Collaborative design information is a general term for all data generated and pro-
cessed in the process of spacecraft development. It is a direct or indirect expression of
the existing mode, operation state, change situation, load execution task and the result
of the mission, etc., and it is expressed as:

CEipo = {I;;/i € [1,Xo).j € [1,10],} )

In formula (2), o is the system structure granularity, I is the information type, and
x0 is the form type divided by granularity.

Collaborative design role refers to the collaborative design entity with the functions
of model creation, personnel allocation, form initiation, filling in, submission, approval,
consulting, calling back, simulation verification and auxiliary design [7], and it is
represented as:

CERole = {R://l c [laJOLj € [LROL} (3)

In formula (3), r is the system structure granularity, R, is the total number of
collaborative design roles, and J, is the form type divided by granularity.
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Collaborative design activities are a collection of ordered behaviors that can
accomplish certain research tasks for the purpose of collaborative design of spacecraft
information flow, and it is expressed as:

CEacion = {483/ € [1, Hol.j € [1,40].} 4)

In formula (4), a is the system structure granularity, A, is the total number of
collaborative design activities, and H, is the form type divided by granularity.

Collaborative design task is an ordered set of activities organized to achieve
specific collaborative design intent, and it can be expressed as:

CEus = {Ti/i € [17 TO]aj € [laA()]a} (5)
In formula (5), Ty is the total number of tasks, and task T; is expressed as:
Ti:Ak+1UAk+2U...UAk+j (6)

In formula (6), k € [1,Ho], j € [1, Ao].

2.2 Relationship

Definition 2: Relationship refers to the information flow between different entities,
which is identified by the directed information demand line, expressed as:

CR = {CR;/i € [1,n]} )

In formula (7), n is the number of association relationships. According to the
function, the relationship can be divided into task allocation relationship, approval
relationship and task dependency relationship.

The above two information flow elements are the necessary conditions for mod-
eling the spacecraft information flow collaborative design architecture, and also the
basis for ensuring that the architecture meets the modeling syntax normalization and
information completeness. The internal relationship is shown in Fig. 1.
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A ternary relationship is formed around collaborative design tasks, collaborative
design activities, collaborative design roles and information, which is recorded as
formula (8), and this is the key of information flow collaborative design system
modeling.

CR = y(CEactiona CEnode; CEinﬁ)) (8)

3 Information Mapping Rules

Definition 3: Information mapping rules refer to the basic rules followed by the
association information relationship between different entities, including activ-
ity — activity information —mapping, activity — role information mapping,
role — activity information mapping and role — role information mapping [5], and it
can be expressed as:

CF = {CF/i € [1,p]} (9)

In formula (5), p is the number of rules. According to the basic modeling principle
of IDEFO diagram [6], the specific process of information mapping is as follows.

Rule 1: Activity - activity information mapping

Activity - activity information mapping is a way of association between collabo-
rative design activities, which defines the information interaction between activities and
reflects the input, output and control information of collaborative design activities, as
shown in Fig. 2.

Fig. 2. Activity - activity information mapping

The structure granularity 6 of the information flow collaborative design system
should be firstly determined; And then for any collaborative design information Igj,
can determine its producing collaborative design activities and ending collaborative

we

design activities; Information I?j is treated as activity Ag p output data constraints, and
as activity Ag . input (or control) data constraints; So we can build activities-activity

information mapping between A%, and Agvc as formula below:
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1.
CF| =A) , A, (10)

Rule 2: Activity - role information mapping

Activity-role information mapping is the way to associate collaborative design
activities with collaborative design roles, indicating all roles involved in collaborative
design activities, and defining the information interaction between activities and roles,
as shown in Fig. 3 below:

Fig. 3. Activity - role information mapping

The structure granularity ¢ of the information flow collaborative design system
should be firstly determined; Based on the development process of various activities in
spacecraft information flow collaborative design practice, for any the collaborative
design activity A”, the collaborative design role that triggers the activity is determined

ij’
® ® ® : 9.
as R(|, R,...., R, and it can be expressed as set R/,:

Rfr:RfluRﬁ?zu...uan (11)

Similarly, we can determine control roles set of A% as Rﬂ’z, and output roles set as
Rf‘fc. So we can build activity - role information mapping of activity Ai(’} as:

CF, = A, — R}, UR{, UR (12)

Rule 3: Role > activity information mapping

The role-activity information mapping indicates all the activities the role partici-
pates in, and defines the information interaction between roles and activities, as shown
in Fig. 4.

The structure granularity 9 of the information flow collaborative design system
should be firstly determined; According to the assignment of responsibilities, rights and
responsibilities of each participant in the collaborative design of spacecraft information
flow, for any the collaborative design role R, we can determine its participating
activities A]‘?‘ s A, ..., A, and these can be expressed as set A}
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Fig. 4. Role activity information mapping
A = A} UA},U...UA] (13)

By establishing connections from Ris,j to all elements of activity set Ag, we can

build role-activity information mapping of Rij as
CF; =R}, — A} | UA,U.. . UA}, (14)

Rule 4: Role-role information mapping.
Role-role information mapping is a way to associate roles in collaborative design,
which clarifies the association relationship and interaction information between roles,

as shown in Fig. 5.
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Fig. 5. Role-role information mapping

The structure granularity m of the information flow collaborative design system
should be firstly determined; And then for any collaborative design information IT; o W

can determine its producing role RT mp and its ending role R} . By establishing con-
nection from role R" to role RY, ., we can build role-role information mapping of
information I; as:

3

I
CFy =R.,, —RE,, (15)
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Modeling of Spacecraft Collaborative Design System Based
on Information Flow

Spacecraft Collaborative Design Process

Firstly, the collaborative design activities and roles are decomposed hierarchically,
according to the structure granularity of spacecraft information flow collaborative
design system. And then based on the requirements of spacecraft development process
and information mapping rules, the activity model, role model and information inter-
action model are established respectively. The specific steps are shown in Fig. 6.
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Fig. 6. Process of spacecraft collaborative design system based on information flow

According to the characteristics of the spacecraft model, collaborative design
activities, roles and collaborative design hierarchy are determined;

According to the information mapping rules 1-3, the interaction information
among activities is determined, all the roles involved in the activities are clarified,
and the activities involved in each role are defined, and the collaborative design
activity model is constructed;

According to information mapping rule 4, the interaction information between
roles is defined, and the role model of collaborative design is constructed;
According to the activity and role model of collaborative design, the information
relationship between different collaborative design or top nodes is determined, and
the information interaction model is constructed;

The collaborative design architecture based on information flow is designed by
collaborative design activities, roles and information interaction model.

Activity Model of Spacecraft Collaborative Design

The activity model of spacecraft collaborative design reflects the hierarchical infor-
mation flow interaction among collaborative design activities, which can be expressed
by special ternary functions among activities, roles and information:
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OAM = {CEaction, CEinfo, CERole} (16)

The collaborative design of spacecraft information flow is divided into two levels:
subsystem and single machine; At the same time, collaborative design activities are
divided into nine categories: project creation, personnel allocation, form initiation, form
design, form submission, form approval, form consulting, form rollback, simulation
verification and aided design, and the corresponding activity set is:

CEyction = {Aﬁ,t|ne[1,6],te[1,Ao]} (17)
The information set between activities is:

CEapp = {2 lpel1, Xl ge[1, 1]} (18)
And the role set participating in the activity is:

CEgole = {R; |fe[1, Hol, l€[1, Ro] } (19)

4.3 Role Model of Spacecraft Collaborative Design

The role model of spacecraft collaborative design reflects the complex and diverse
information interaction relationship and hierarchical information requirements among
collaborative design roles, which can be expressed by special functions between roles
and information:

ONM = {CERole, CEinfo} (20)

The roles of cooperative design for spacecraft information flow are divided into six
categories: project manager, project administrator, information master, subsystem
master, device manager and software manager. Then the corresponding role set is:

CEgote = {R;, ;|me[1,6], ke[1, Ro]} (21)
And the information set between roles is:

CEinfy = {I},li€[1, Xo), je[1, Io] } (22)

4.4 Information Interaction Model of Spacecraft Collaborative Design

The information interaction model of spacecraft collaborative design reflects the
diversified information interaction relationship among the nodes in the collaborative
design activities in the process of collaborative design implementation. It can be
expressed by the special ternary function of collaborative design information, roles and
activities, which is recorded as:
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OIM = {CEinfo, CERole, CEaction} (23)

The collaborative design of spacecraft information flow is divided into two levels:
subsystem and device; And then for any collaborative design information Iiz_j, we can

determine its producing role Rfmp and its ending role Rﬁl,c- Thus, the corresponding
information interaction model can be expressed as:

2
(R 1AL} =R, C|AG, ) (24)

mp

5 Practice of Spacecraft Information Flow Collaborative
Design

As mentioned above, based on the general principles of collaborative design, combined
with the development process of spacecraft in China and its application scenarios in
engineering practice, a set of spacecraft information flow collaborative design system
model is given, and the model is applied to the implementation of EDS (electronic data
sheet) integrated management system.

5.1 Division of Information Flow Elements

In the design practice of spacecraft information flow system, we should not only avoid
the long coordination chain and heavy management workload, but also facilitate the
full communication and cooperation among the system, subsystem and device (soft-
ware). The structure granularity of collaborative design system is defined as two-level
working mechanism. On this basis, the information flow elements are determined as
follows: the collaborative design information is determined as telemetry parameters,
remote control instructions, data protocols (intra satellite bus protocol, inter satellite
link protocol, satellite ground telemetry, remote control protocol, etc.) and application
data expression (instruction group, instruction sequence, thermal control table, etc.);
The collaborative design roles are determined as project administrator, information
master, subsystem master, device manager and software manager; Collaborative design
activities include form initiation, form design, form submission, form approval, form
rollback, simulation verification, aided design, etc.; The relationship between entities
can be divided into three types: task allocation relationship, approval relationship and
task dependency relationship.

5.2 Collaborative Design Activity Model

According to the rule of activity information mapping, the internal information map-
ping of spacecraft information flow collaborative design activity is established, as
shown in Table 1.

The activity diagram of establishing the collaborative design model of information
flow is shown in Fig. 7.
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Table 1. Mapping relationship between information flow collaborative design activities

Source activity Destination activity Information type
Project creation Personnel allocation Icc
Personnel allocation Form initiation Icc
Form initiation Form design Iis
Form design Form submission Iis
Form submission Form approval Icc
Form consulting Form rollback Icc
Form rollback Form design Icc
Form consulting Form approval Icc
Aided design Simulation verification | ;g
Simulation verification | Form design Iis
System admin| Project admin information master subsystem master device master/ |Project managef

software master

o initialization /"3 Form design/ "\
( 2 personnel > s : < 1 form )
; pojcc‘ allocation “\ ware set form) / /-—/ consulting
creation
5 Form dosign/
submission(tm parg; 7.1 Form
fi = design/ Ot
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—
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Fig. 7. Activity diagram of information flow collaborative design model

According to the mapping rules of activity-role and role-activity information, 9
activity-role information mappings and 24 role-activity information mappings are
established, as shown in Table 2.

5.3 Role Model of Collaborative Design

According to the rules of role-role information mapping, the following 11 role-role
information mappings are established, as shown in Table 3.
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Table 2. Activity-role mapping information flow collaborative design model

Activity

Participate role

Project creation
Personnel allocation

System administrator
Project administrator

Form initiation
Form design

Form submission
Form consulting

Form rollback

Information master/subsystem master
master
master
master

master

Information master/subsystem master/device master/software
Information master/subsystem master/device master/software
Information master/subsystem master/device master/software

Information master/subsystem master/device master/software

Aided design

Information master/subsystem master

Simulation
verification

Information master/subsystem master

Table 3. Mapping relationship between information flow collaborative design activities

Source role Destination role Information
type

System Project administrator Icc

administrator

Project Information master/subsystem master/device Icc

administrator master/software master

Information Subsystem master/device master/software master Lis/Iec/ Ty

master

Subsystem Device master/software master Lis/lec/lye

master

Device master Device master Iis

Software master Software master Iis

5.4 Information

According to the given four types of information mapping rules, based on the col-
laborative design activity model and collaborative design role model, combined with
the current spacecraft verification process and engineering practice experience, this
paper analyzes the relationship between the source point, destination point, production
activity and consumption activity of different types of information flow layer by layer,
and clarifies the information transfer process and interaction between collaborative
design activities and roles, The model of spacecraft collaborative design system based

Interaction Model

on information flow is established, as shown in Fig. 8 below.
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Fig. 8. Model of spacecraft information flow collaborative design system

v

Online

Based on this model, the EDS integrated management system platform is estab-
lished. Up to now, EDS has been involved more than fifty projects, and has been put
into trial in several research models. The experimental results show that, compared with
the traditional spacecraft development model, the information flow collaborative design
model can more clearly describe the complex information interaction between the
spacecraft generation and development parties, more intuitively display the dynamic
whole process of the whole spacecraft development activities, and more systematically
assist the development parties to coordinate and agree The design and implementation
of complex large system are realized efficiently.

Through the analysis of the trial situation of the model in progress, it can be seen
that the use process of EDS integrated management system conforms to the actual
situation and habits of each model development, the modeling method meets the
requirements of the information circulation and utilization design of spacecraft, and the
collaborative design modeling elements can cover all links of the whole life cycle of
satellite development, the baseline release, technical status change, greatly reduce the
cost of point-to-point manual communication, significantly improve the error risk
caused by single point design and implementation, greatly improve the production and
development efficiency of spacecraft, with an increase rate of more than 40%.

6 Conclusion

Based on the contents of digital development of spacecraft information flow and the
new requirements and problems faced by traditional development mode, combined
with the general theory of collaborative design, this paper presents a collaborative
design mode of information flow suitable for the development of spacecraft in China,
and applies it to the construction of EDS integrated management system of our
Institute. Through the statistical analysis of the practical application results, it is proved
that the information flow collaborative design model proposed in this paper compre-
hensively considers the responsibilities, rights and responsibilities of all parties in the
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collaborative design, takes the information flow as the main line, comprehensively
considers the factors such as roles, activities and information, realizes the architecture
modeling, refines the process analysis of collaborative design activities, and highlights
the design characteristics of different types of information. The rules of collaborative
design [9] are standardized, and the general idea, objectives and implementation means
are feasible, which are in line with the actual operation scenarios and requirements. The
related information flow protocol modeling method and parameter format model are
universal and flexible, which can cover most of the daily production needs, and provide
rich theoretical support and a large number of practical verification data for spacecraft
development and design and management mode transformation.
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