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ABSTRACT 

The design and implementation of space software 
needs to be rigorous: as mission- or life-critical systems, 
they must be designed without error. For that purpose, 
developers have to use methods, tools and libraries that 
provide guidance during the production process. In 
addition, to ease software reuse through different 
projects, reduce development costs and avoid 
revalidation of software that provides the same 
functions, reference on-board software architecture are 
defined, and standardized interfaces are introduced. 
They define interaction methods between system 
components, either software or hardware. The past years 
have also shown the emerging need to abstract system 
specifications using models, also at software or 
hardware level. This consists in capturing system 
architecture with its requirements using specific tools 
that automatically check their correctness and produce  
implementation to be deployed on the target. 

Therefore, the reference architecture and system 
interfaces must be consistent with development tools. 
The code generator must generates the right calls to the 
standardized interface. In the case of communication 
interface, the communication services can be 
implemented either in a hidden way within the 
generated code, or as explicit design patterns of the 
application software model.  Thus, integrating existing 
standards into the reference architecture is still under 
investigation and different integration scenarios could 
be envisioned and so, need to be evaluated. 

In this paper, we explain the mapping of the 
CCSDS standardized communication interface (the 
Spacecraft Onboard Interface Service, SOIS) into an 
established modelling technology (TASTE). We detail 
SOIS integration into models so that engineers can 
directly use them from modelling tool that automatically 
calls appropriate procedure when generating the 
implementation. We also assess the meaning of being 
"SOIS compliant" with the example of TASTE. 
 
1. INTRODUCTION 

Because of its criticality level, space software must 
be designed carefully using dedicated methods and 
tools. Among existing approaches, we identify the 
following trends that emerged in the last years: 
• Standardization of architecture, libraries and 

interfaces to ease software re-use and reduce 
development costs. In particular, the space 

community has produced the COrDeT on-board 
software reference architecture [14]. 

• System specification abstraction (either software 
or hardware) to support the concept of "separation 
of concerns", by focusing on mission-specific 
concerns and automate the processing of error-
prone aspects (integration, implementation, etc.). 
 
COrDeT integrates the "separation of concerns" by 

proposing a component based architecture where 
application software uses components that are deployed 
on an execution platform by a tool called software bus 
that generates the interaction layer between the 
components and the execution platform services.  

In particular, on-board/runtime services must be 
available in component based modelling tools and 
connect standardized services interfaces with 
application functions. As a result, modelling tools 
generate calls to standardized interface, enabling 
compliance with standardized libraries. This automate 
the use of standardized interfaces and thus, ease reuse of 
existing flight-proven software. 

In this paper, we present our work to make such an 
integration with space-related software technologies. 
We integrate the CCSDS Standardized On-board 
Interfaces Services (SOIS [1]) within The Assert Set of 
Tools for Engineering (TASTE [2]). We detail the 
implementation of SOIS services, either as TASTE 
execution platform services (transparent to functional 
users), or as specific TASTE components assembly 
using design patterns. As a result, SOIS services are 
either directly called by the developers using 
components interaction or invoked by the code 
generated from model specification. 

 
The paper is organized as follow: 

1. Introduction of the SOIS standard, its layers and 
services as well as the related work (current 
implementation [4]). 

2. Presentation of the TASTE modelling 
technology and its tools for code generation. 

3. Integration of SOIS within TASTE, detailing the 
different mapping rules and its compliance with the 
standard requirements. 

4. Conclusion and overview of potential connections 
with other modelling approach/methods and detail 
the perspectives of this work. 
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2. SOIS SERVICES AND IMPLEMENTATION 

Spacecraft On-board Interface Services (SOIS) 
defines a standardized set of services for space software 
design. It consists in a library of functions for common 
operations (communication with on-board devices, 
send/receive packets to/from ground, store payload data, 
etc.). The SOIS architecture, depicted in Figure 1, is 
separated into four layers: 
1. The Application Layer implements mission-

specific functions and procedures. It is intended to 
be used by end-users and relies on lower layers. 

2. The Application Support Layer (SOIS-APP) 
provides the following services: 
a. Command & Data Acquisition Service 

(C&DAS) for controlling devices/equipment 
(get/set data, get register value). 

b. Time Access Service (TAS) for time 
management (time retrieval, alarm set up, etc.). 

c. Device Enumeration Service (DES) to list 
existing devices or notify system for 
availability of new device. 

d. Message Transfer Service (MTS) for 
functions interaction using different 
communication patterns (publish/subscribe, 
synchronous query, broadcast, etc). 

e. File & Packet Store Service (FPSS) to 
manage and store either files (payload data 
such as pictures) or packets (telemetry packet). 

3. The transfer layer (TL) translates Spacecraft 
Network Address to Sub-Network specific Address. 
No other adaptation/processing is made there. 

4. The sub-network layer (SOIS-SubNET), is a 
layer providing a common interface to access 
different communication media (e.g. MIL1553, 
SpaceWire [15]) through the following services: 
a. Packet Service (PS) for sending/receiving data 

on the physical network. 
b. Memory Access Service (MAS) to read or 

write data from/to memory of remote devices 
(for example, reading memory using the 
SpaceWire Protocol using RMAP accesses) 

c. Synchronous Service (SS) that provides 
events & synchronization notification. 

d. Device Discovery Service (DDS) to notify  
and configure applications according to new 
devices being connected or unplugged. 

e. Test Service (TS) that checks the sub-network 
physical layer, device availability and reports 
error to applications when requested. 

 
The SOIS architecture is hierarchical with a layer 

at level N depending on lower layers. For example, the 
Message and Transfer Service (MTS) of the Application 
Support Layer (SOIS-APP) that provides different 
communication patterns relies on the Packet Service 
(PS) of the Sub-Network Layer (SOIS-SubNET) to 
transmit data over the physical bus. The lowest (Sub-

Network) level of SOIS accesses hardware and real-
time services either by performing direct requests to the 
hardware or relying on a Basic SoftWare library (BSW) 
that provides services to interact with the Operating 
System (e.g. Linux, RTEMS) 
 

 
Figure 1 - SOIS architecture 

 
 SOIS books provide the specification of the 
standard services with their primitives in an abstract 
way, letting a high level of freedom in the 
implementation. Indeed, the Application Programming 
Interface (API) is not standardized and instead, each 
interface is documented with its expected argument and 
behaviour. These aspects are detailed in CCSDS books 
and especially in the Recommended Practice series. 
 
 
Related Work & reference implementation 

The reference implementation of SOIS was 
designed by SCISYS under an ESA-related project 
[3,4]. It implements most SOIS services and simulates 
several instruments in order to test the library and 
demonstrate implementation correctness with respect to 
space application needs. It supports heterogeneous 
operating systems/architectures (RTEMS [5] on LEON 
[6] and Linux on intel x86) and several communication 
buses (SpaceWire [15], 1553) using different hardware 
devices (SpaceWire USB [7] for Linux, RASTA rack 
for LEON [8]). 

 
The following services are available in the 

Application Support Layer (SOIS-APP): 
• Command and Acquisition Service (C&DAS) 
• Time Access Service (TAS) 
• File & packet store services (FPS) 
• Device Enumeration Service (DES) 
• Message Transfer Service (MTS) 

 
The Sub-Network (SOIS-SubNET) layer supports 

the following services over MIL-1553 and SpW buses: 
• Memory Access Service (MAS) 
• Packet Service (PS) 



 

However, this implementation does not support the 
transfer layer (TL). Similarly, some functionalities of 
the Sub-Network Layer are missing, such as the 
Synchronization Service (SS), Test Service (TS) and 
Device and Discovery Service (DDS). 

In order to show the compliance of the library with 
the standard and the support of Space Systems needs, 
several simulation programs have been designed to 
simulate typical Payload/Platform equipment: 

• Reaction Wheel (RW) 
• Star Tracker (ST) 
• Earth Observation instrument (EO) 

 
 To enable interaction between simulated devices 
and software applications, a Virtual SpaceWire Router 
(VSpWR) has been designed. It consists of software bus 
that inter-connects the blocks using either real or 
simulated SpaceWire devices. 
 
3. TASTE 

The Assert Set of Tools for Engineering (TASTE 
[2]) is the outcome of the European project ASSERT. 
The TASTE design process aims at facilitating high-
integrity system production by abstracting both 
functional and architecture layer. To do so, the TASTE 
development process abstracts software and deployment 
concerns using three main views/models: 
1. Data View (DaV): specify system interfaces and 

types to be exchanged across functions using the 
ASN.1[9] standard. 

2. Interface View (IV): detail system functions (e.g. 
AOCS, FDIR, sensors acquisition, etc.) and their 
inter-connections by defining components. It relies 
on software aspects of the Architecture Analysis 
and Design Language [10] (AADL). 

3. Deployment View (DeV): describe functions (from 
the IV) allocation on the execution environment 
(processor board, operating system) and connection 
bindings to the physical bus (Ethernet, SpaceWire, 
etc). As for the IV, the DeV uses the AADL [10] 
but relies on the hardware aspects of the language. 
 
Functions specified in the Interface View are 

written using either a model-based specification (such 
as Simulink, SDL, SCADE) or traditional programming 
language (e.g. C, Ada) languages. 

The TASTE tools process models (DaV, IV and 
DeV) and functional code artefacts to generate 
resources that support functions execution and integrate 
them altogether on the target execution platform (with 
respect to the target architecture and O/S). The 
architecture of a system generated by TASTE is 
illustrated in the picture below. 

To produce system implementation from models, 
code generators create execution resources and entities 
according to system requirements. It produces code that 
instantiates tasks, mutexes, semaphores, memory 

buffers and other artefacts to support application code 
execution. Generated code is independent from the 
underlying execution platform (dark blue rectangle on 
the figure below) and can be considered as part of the 
Transfer Layer of the SOIS standard. 

Then, this OS-agnostic layer relies on a specific 
Adaptation Runtime (PolyORB-HI-C [12]) that adapts 
the generated code to the target platform. It integrates 
the functional generated code to the execution 
environment (operating system, buses, devices, etc). 
This can be considered as part of the SOIS-SubNET 
services and as the Basic Software Layer that adapts 
them according to the underlying execution platform. 

In order to ensure determinism and avoid any 
potential run-time error, the generated code complies 
with several best-practices related to high-integrity 
software. Also, underlying layers from PolyORB-HI-C 
have been designed to respect these constraints as well. 
For example both generated code and PolyORB-HI-C 
never use dynamic memory allocation and enforce the 
Ravenscar [11] restrictions. 

 
 

 
 
 

Application (green part of the figure) generated 
from TASTE models are divided into two main parts: 
1. One automatically generated from models (dark 

blue on the figure). It configures the system 
according application requirements and needs, 
creates execution entities and sets resources 
dimension to support application execution. 

2. One statically written (red part of the figure). This 
is adapted from the generated code as well (for 
example, buffer size for data transfer). This part is 
provided either by TASTE (PolyORB-HI-C) or as 
an execution runtime (such as RTEMS or Linux). 

 
TASTE is therefore an advanced prototype of a 

software bus coupled with a component model that 
could be integrated with other languages. Application 
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component model is implemented in the DaV/IV and 
the COrDeT execution platform is implemented by 
PolyORB-HI-C and the DeV. 

 
To facilitate integration of systems produced by 

TASTE, it is of particular interest to support established 
standard such as SOIS. For that purpose, we tailor 
TASTE methodology and tools to: 
1. Integrate existing code using SOIS services into a 

TASTE application without significant efforts 
2. Represent SOIS services in TASTE in terms of 

functions so that the designer may call directly 
SOIS services by using models. 
 
We propose a complete and smooth integration of 

SOIS services in TASTE. To do so, we tailor TASTE 
following the three following ways: 
1. Add SOIS services as TASTE functions that can 

be connected to application interfaces (e.g. a FDIR 
function connected to the Packet and Store Service 
of SOIS to store telemetry packets) 

2. Define modelling patterns to support SOIS 
services so that engineers can define an application 
model that complies with SOIS services semantics 
and is fully supported by TASTE. 

3. Support SOIS services in the PolyORB-HI-C 
layer (for example, Packet Service to send data 
over a bus using the appropriate driver). 
 
Next section details the integration of SOIS 

services either in models or in the run-time support. 
 
4. INTEGRATION OF SOIS WITHIN TASTE 

Integrating SOIS services in TASTE requires to 
tailor two parts of the tool chain: 
1. Component model: adapt the components in the 

interface view to support SOIS services. Two 
approaches are used: 

a. Explicit mapping: expose SOIS services 
using dedicated TASTE components so 
that developers can interact with SOIS 
services with components. This was used 
to map most of the services from the 
Application Support Layer (SOIS-APP). 

b. Modelling patterns: assemble  TASTE 
components and reflect SOIS service 
semantics. This was used to map the 
Message Transfer Service (MTS). 

2. Execution platform: add new services in TASTE 
execution runtime (PolyORB-HI-C) to support 
SOIS services and interface them with the 
underlying operating system. 
 
Each mapping effort is described in a dedicated 

sub-section below. Then, we provide an overview of 
TASTE compliance against SOIS requirements . 
 

 
 

 
Figure 2 - Integration of the SOIS Time Access 

Service in TASTE models 
 
 
 
 
Explicit mapping with TASTE components 

This mapping approach consists in adding 
dedicated TASTE components in the interface view 
models to expose SOIS services interface to the system 
design. By doing so, the user has the capability to 
connect functional aspect of the system (mission-
specific code) with SOIS services. 

We introduce a TASTE component for each SOIS 
service that may interact with a user-defined function. 
The following SOIS services were mapped into 
components in the Interface View (IV): 
• Command and Acquisition Service (C&DAS) 
• Time Access Service (TAS) 
• File & Packet Store Service (FPS) 
• Test Service (TS) 
• Synchronization Service (SS) 
• Memory Access Service (MAS) 
 

An example of such model integration of SOIS 
service is illustrated in figure 2 that defines an interface 
view with two functions: 
1. One sois_tas function that provides interfaces for 

the support of timing-related aspect of SOIS. 
2. One user_defined function connected to the 

sois_tas function to retrieve the current time by 
calling the GET_TIME_request interface. 

 
By having such integration, designers does not have 

to care about implementation aspects of SOIS or its 
integration on the target: everything is defined in the 
component so that the user does not have to pay 
attention on integration concerns with the SOIS library 
or even deployment aspects. 

 



 

Modelling patterns mapping 

Another way to support SOIS services is to 
adapt the TASTE components in order to match the 
semantics of a specific SOIS service. In that case, no 
particular component is required, the system developers 
assembles its application components using dedicated 
patterns that fulfils the service requirements. 

This mapping approach is used to support the 
Message Transfer Service (MTS) from the Application 
Support Layer (SOIS-APP) and its communication 
mechanisms (send/receive, synchronous query, 
publish/subscribe, announcement). By assembling 
components of the interface view using particular 
constructions, we are able to build a system that meets 
communication requirements. In addition, by 
abstracting the deployment of functional aspects, this 
implementation remains independent from the sub-
network layer and can be potentially deployed on all 
supported architecture or communication bus supported 
by the TASTE tools. 

An example is provided in figure 3 by 
illustrating the support of the synchronous query 
communication pattern from MTS. One component 
(node1) send a query to another (node2) using its 
required interface (query). Then, the component that 
initiates the query (node1) waits until receiving a reply 
from node2 on its provided interface (answer). 
Mapping rules for the other communication mechanisms 
are proposed  in [16]. 

 
 
 
 

 
 

 
Figure 3 - TASTE modelling pattern for supporting 

synchronuous query communication mechanism 
 
 

Adding support for SOIS in PolyORB-HI-C 

The execution run-time of TASTE applications, 
PolyORB-HI-C, needs to be tailored to support SOIS 
services. Modification of this layer consist in: 
• Providing support of SOIS-APP functions defined 

in the Interface View and explicitly called by the 
user-defined functions (for example, supporting file 
operations for the integration of the File & Packet 
Store Service component). 

• Adding SOIS-SubNET layer functions implicitly 
used by calling the SOIS-APP layer (e.g. use of a 
particular bus to send/receive data). 

 
On one hand, PolyORB-HI-C contains a set of 

services that can be reused to support SOIS services. 
Some of them need to be modified or adapted while 
other can be re-used as it, without any modification. In 
particular, all services related to tasks, communication 
or time are already supported and compliant with SOIS 
requirements. 

On the other hand, PolyORB-HI-C lacks support of 
some SOIS-APP and SOIS-SubNET features that shall 
be added. In that purpose, we integrate the following 
functionalities: 

• Command & Data Acquisition Service with 
a new dedicated Device Handling service 
(SOIS-APP layer) 

• File & Packet Store Service (SOIS-APP 
layer) providing the ability to create and 
manage packets or files regardless the target 
run-time. 

• Test Service (SOIS-SubNET layer) 
 

In total, about 800 SLOCs were added to integrate new 
services required by SOIS (mostly for the support of 
Test and File Store Services). Supporting of other 
services was done by tailoring existing functionalities. 
 
TASTE compliance against SOIS 

We evaluate the correctness of our implementation 
against SOIS requirements and establish its compliance 
matrix. To do so, for each SOIS service, we specify 
mandatory or optional features currently implemented. 

Using these information, we are able to make the 
full traceability matrix of our SOIS implementation, 
detailing implementation choices for each service (using 
either a dedicated component or modelling patterns). 
Table 1 specifies compliance confidence with SOIS 
services specification (green indicates a full compliance, 
red a lack of compliance and orange a partial 
compliance – some optional functions are missing).  

Complete version of the compliance matrix can be 
found in [13] and was not included in the present 
document due to a lack of space. 



 

 
 
 
 
 Mapping Approach 
Application Support Layer (SOIS-APP) 
Command & Data Acquisition Serv. Explicit 
Time Access Service Explicit 
File & Packet Store Service Explicit 
Device Enumeration Service Explicit 
Message Transfer Service Modeling Patterns 
 
Transfer Layer 
 
Sub-Network Layer (SOIS-SubNET) 
Packet Service Implicit 
Memory Access Service Explicit 
Synchronization Service Implicit 
Test Service Implicit/Explicit 
Device Discovery Service N/A 

Table 1 - Traceability matrix  
between TASTE and SOIS 

 
 
 
 
 In the Application Support Layer (SOIS-APP) 

the following mandatory services are supported: 
• Command & Data Acquisition Service 

(C&DAS), Time Access Service (TAS) and File 
& Packet Store Service (FPSS): expose their 
interfaces explicitly as components in TASTE 
Interface View models. 

• Device Enumeration Service (DES): is also 
mapped as an explicit component. As for now, this 
part is partly implemented because this SOIS 
service is being revised and improved. In particular, 
this service would use the Electronic Data Sheet 
(EDS) to configure devices. 

• Message Transfer Service (MTS): is mapped 
using specific modelling patterns. We provide a full 
mapping of all MTS communication mechanism to 
TASTE in [16]. 
 
The Transfer Layer (TL) is fully supported as 

TASTE and its underlying execution run-time 
(PolyORB-HI-C) already provide the capability to 
translate TASTE-internal addresses into a SOIS-
SubNET specific address (e.g. Spacewire node 
identifier). In the TASTE approach, this layer also 
connects the Application Layer (SOIS-APP) to the Sub-
Network Layer (SOIS-SubNET). This part is not 
exposed to the user and is automatically generated by 
the TASTE tools when producing an application. 

 
The following Sub-Network Layer (SOIS-

SubNET) services are currently mapped as it: 

• Packet Service (PS) mapping is implicit so that the 
developer cannot access the network device 
directly. Instead, sending and receiving data from 
communication buses is handled by the run-time 
and connected to the Transfer layer which 
pulls/puts data into the relevant Application 
Support Layer services. 

• Memory Access Service (MAS) and 
Synchronization Service (SS) are explicitly 
mapped into components in the TASTE interface 
view. So, developers can interact directly with these 
components using appropriate interfaces. 

• Device Discovery Service (DDS) is not currently 
implemented but would be likely be included when 
a project requires it. 
 
 
 

Hardware and Software Support 

Actually, our SOIS implementation runs on all 
targets supported by TASTE: 
• Intel x86 running on Linux or Linux with real-time 

capabilities using the Xenomai Layer [17]. 
• SPARC/LEON2 and SPARC/LEON3 running on 

RTEMS [5] (version 4.8 and 4.10). 
 
The following communication buses are supported for 
the sub-network layer (SOIS-SubNET): 
• Ethernet: supported by all hardware (LEON 

architectures use the built-in Ethernet device) 
• SpaceWire: provided on Linux using a specific 

device (USB brick) and on LEON/RTEMS using 
the RASTA board.  

• MIL-1553: preliminary support was experienced 
using the LEON/RTEMS architecture and its 
RASTA board. 

• Serial: supported by all hardware platforms (intel 
or LEON2/LEON3) 

 
 
 

Table 2 summarizes supported sub-network layers 
for each architecture. 
 
 
 

 X86/Linux LEON/RTEMS 
Ethernet   

SpaceWire   
MIL-1553   

Serial   
Table 2 - SubNET support 

for each architecture 
 
 



 

5. CONCLUSION 

In this paper, we propose an approach to integrate 
standardized interfaces in a model-based design 
development process by tailoring SOIS services within 
TASTE. This integration is done at two levels: 

1. Component-level that provides SOIS services 
either as dedicated components or specific 
modelling patterns. Thus, it introduces the 
capability to connect application functions with 
SOIS services. 

2. Execution platform level that implements 
SOIS services and interfaces then with the 
underlying execution environment. 

 
Such an integration eases system design and use of 

best programming practice by providing a convenient 
approach to use standardized interfaces during software 
design. Thus, this also strengthen standards by 
providing more feedback and  experience from users. 
Finally, by automatically calling standardized 
interfaces, software components can be easily re-used 
through different projects. 

 
Perspectives 

Other approaches could be envisioned to map SOIS 
services in a component-based approach. In the 
following, we choose to expose directly SOIS services 
using either dedicated components, modelling patterns 
or hide them to the developer. 

Also, it would be possible to completely abstract 
SOIS services and call appropriate functions when 
transforming the model into the code. This kind of 
transformation would especially make sense when using 
a component model that describes precisely the 
execution run-time. For example, when interacting with 
devices, code generated from the model would call 
functions from the Command & Data Acquisition 
Service of SOIS. This would completely abstract the 
service from the component model and makes the use of 
SOIS even easier. However, this approach has some 
drawbacks. In particular, it hides potential overhead or 
complexity introduced by the model transformation (in 
terms of function calls, execution time, etc.). 

 
 
6. ACCRONYMS 

C&DAS  Command & Acquisition Service 
DaV  Data View 
DeV  Deployment View 
DDS  Device Discovery Service 
DES  Device Enumeration Service 
FPS  File & Packet Store Service 
IV  Interface View 
MAS  Memory Access Service 
MTS  Message Transfer Service 

PS  Packet Service 
RW  Reaction Wheel 
TAS  Time Access Service 
TL  Transfer Layer 
TS  Test Service 
SLOC  Source Line Of Code 
SS  Synchronization Service 
ST  Star Tracker 
VSpWR  Virtual SpaceWire Router 
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