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Executive Summary
The following document is a report on the Preliminary System Architecture for
the Massively extended Modular Monitoring for Upper Stages (MaMMoTH-Up)
project funded within Horizon 2020 under the call COMPET-02-2014 Independent
access to space.
The report provides insight into the general system architecture and the system’s
interfaces towards the ARIANE 5 launcher (cf. Section 1). Following this introduction, more detailed information on the hardware architecture is given (cf.
Section 2). This includes the applied Commercial-Off-The-Shelf (COTS) products as well as the products which were customized to meet the requirements of
MaMMoTH-Up. Also, the components interplay and synchronization are covered. Lastly, the envisaged software archtitecture is described (cf. Section 3) by
first outlining the system’s use cases. Afterwards, a description of the underlying
operating system and middleware are given before the actual application and its
software components are described. In this context, a draft of the data handling
approach in MaMMoTH-Up is also outlined.
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1 System Architecture
1.1 Overview
MaMMoTH-Up represents a permanent and adaptable experiment opportunity located on the ARIANE5 (A5) Vehicle Equipment Bay. Protected by a dedicated
container design it shall make extensive use of COTS hardware and advanced software to achieve its ambitious data collection, processing and compression tasks.
This COTS approach is secured by tailored dependability techniques to ensure a
reliable operation in the demanding space environment.
To downlink the gathered, processed and compressed data MaMMoTH makes use
of the A5 telemetry subsystem acting as a peripheral data acquisition unit once
a standard A5 mission is completed. A future application also on ARIANE6 is
envisaged [3].
Given this mission definition, MaMMoTH-Up shall offer the following main functions [2]:
• F1: Acquire measurement data
MaMMoTH-Up shall acquire measurement data from different sources (external sensors, internal sensors, housekeeping sensors). This function covers
also the conditioning (e.g. power supply) of sensors, if required.
• F2: Process measurement data
This function includes the signal post processing (e.g. filtering) of acquired
measurements, the data storage and the data compression.
• F3: Configure and control itself
This function includes the configuration of MaMMoTH-Up’s internal algorithms and states, the download of software and parameters on ground via
a dedicated interface, the handling of telemetry commands received from
the UCTM and the handling of wired commands received by the launcher
sequential electronics.
• F4: Provide and manage power supply
This function is necessary to ensure an electrical power supply independent
from the launcher power sources. This includes power protection means like
OVP and OCP, but also power monitoring and conversion means.
• F5: Perform self-testing and fault management
This function covers one of the main goals of the MaMMoTH-Up project,
namely to implement algorithms for failure detection, isolation and recovery
combined with self-testing technologies guaranteeing the required levels of
dependability, even when using relatively unreliable COTS components.
• CF1: To withstand the launcher environment
This constraint aims at the compatibility of the MaMC design in relation to
the environmental conditions at its accommodation location on the launcher.
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In order to achieve the functions given above, a system architecture based on
COTS components embedded in a protecting container (MaMMoTH-Up Container, MCon) has been developed. It is depicted in Figures 1 and 2.

Figure 1: Blackbox view on the MaMMoTH-Up system (MaMMoTH-Up Complete,
MaMC)
Figure 1 shows a blackbox view of MaMMoTH-Up and its environment. The
MaMMoTH-Up system (MaMMoTH-Up Complete, MaMC) will be places on Vehicle Equipment Bay (VEB) on the upper stage of the ARIANE5 and will have interfaces to the ARIANE5 electronics, namely towards ARIANE5’s central telemetry unit (UCTM) for data transfer and direct status reporting through the direct
telemetry lines one the one hand and towards the launcher’s sequential electronics
for synchronization with the mission timeline on the other hand. The electronic interfaces together with the mechanical interfaces towards ARIANE5 will be subject
of Section 1.2.
For testing purposes, there will also be an interface towards the Electronic Ground
Support Equipment (EGSE) which will not be available during flight. However,
during development and testing, this will provide deeper insight into the system,
its behaviour and status.
Figure 2 schematically depicts the internal structure of MaMC. The MaMC will
consist of the MaMMoTH-Up Container (MCon) which is housing the system’s
processing elements (TCM-S, OBC-AQB1, OBC-AQB2), power control (PSU)
and some internal sensors as well as the external power supply (MaMMoTH-Up
Battery, MBat) and some sensors external to the container. Hereby, the selection
and procurement of the MBat will not be done in the scope of the MaMMoTH-Up
project. However, all required interfaces towards and specifications of a suitable
battery will be determined.
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Figure 2: Whitebox view on MaMC
The TCM-S will monitor and control the experiment and will serve the interfaces
towards the ARIANE5 electronics. The TCM-S features a 16GB mass memory
for storing sensor data gathered, preprocessed and compressed by the two data
acquisition boards OBC-AQB1 and OCB-AQB2. The boards communicate using a
SpaceWire point-to-point connection. This SpaceWire link will also be accessible
for the EGSE from the outside of the container during development, integration
and testing. However, the respective connector will be sealed before flight.
In case the computational power of three processing nodes will not be sufficient
to fulfill the aforementioned functions, a fourth OBC-S (Top-OBC) can be added.
The hardware components and their connections are described in more detail in
Section 2.
In the following section, the foreseen mechanical and electrical interfaces towards
the ARIANE5 launcher will be described.

1.2 Interfaces to ARIANE 5
The MaMMoTh-Up Container is foreseen to be located inside the ARIANE5 Vehicle Equipment Bay (VEB). A location has been selected, that was used by one
telemetry equipment during the first technological flights of the ARIANE5 ECA
launcher and is vacant now.
MaMMoTh-Up provides various interfaces to the ARIANE5 launcher. These interfaces are specified in detail in the COTS functional and environmental specificaPublic
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tion (MMMTH-ASL-FSP-0001, latest issue is 3). In the following a brief overview
is given on the mechanical and electrical interfaces.

1.2.1 Mechanical interface
On Ariane5, the MaMMoTh-Up (MaMC) can be placed on the VEB (Vehicle
Equipment Bay) platform which is on top of the A5 Upper Stage. The VEB is
designed as a torus structure with a diameter of 5.4m and a mass of roughly one
metric tons (cf. Figure 3).

Figure 3: Vehicle Equipment Bay (VEB) on the ARIANE5 launcher
An envelope, existing fixation on VEB, mass and center of gravity requirement are
defined in the COTS functional and environmental specification due to constrain
on the actual potential position of MaMC on the VEB (cf. Figure 4).

Figure 4: MaMMoTH-Up’s designated position on the VEB
For detailed information please refer to the COTS functional and environmental
specification [2, §4.4.2].
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1.2.2 Electrical / Data interface
The MaMMoTh-Up (MaMC) provides only few electrical connections towards the
ARIANE5 launcher to make it as non-intrusive as possible. The main electrical
interfaces are shown in the Figure 5.

Figure 5: MaMMoTH-Up electrical interfaces
The following electrical interfaces are identified for MaMMoTh-Up:
• The power interface
MaMMoTh-Up shall be powered by an external power source (eg. battery)
for the flight misison. During ground test operations MaMMoTh-Up shall
be powered by an electrical ground support equipment (EGSE). The power
interface provides the necessary power distribution and protection functions.
• The telemetry data interface towards the UCTM
Using a dedicated serial bus format (PCM CANNES or RS-422) the UCTM
shall communicate with the MECt to send commands and receive data.
• The wired command interface towards one sequential control unit (ES) of
the launcher
This interface allows the launcher electrical system / flight software to send
wired commands to MaMMoTh-Up (e.g. start-, stop command, event triggers, etc.)
• The direct telemetry interface towards the UCTM
This digital interface consists of eight discrete digital lines which are directly
connected to digital inputs of the UCTM. Each line may represent the status
of one MaMC function or subsystem/assembly.
• The user data and power interface to allow checkout and reconfiguration
activities using a dedicated ground equipment (EGSE)
• Interface to external sensors
A set of external sensors shall be acquired by the MaMC depending on the
detailed mission scenario. These sensors may be located on the launcher
avionics bay (vehicle equipment bay, VEB).
For detailed information please refer to the COTS functional and environmental
specification [2, §4.4.2].
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2 Hardware Architecture
2.1 Overview
The Data Handling System (DHS) will be placed in the MaMMoth-Up container
which is designed to fit in the available place on the VEB and to be as compatible
as possible with the existing fixation interfaces. An internal container will support
the DHS with protecting foams.
A preliminary design of the MaMMoth-Up Container (MCon) is presented in Figures 6 and 7.

Figure 6: Preliminary Mechanical view of the MCon (1)

Figure 7: Preliminary Mechanical view of the MCon (2)
One of the main objectives in the project is to use COTS products to gain improved
computer power on the A5 launcher to measure temperature, pressure, vibration,
Public
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shock, and acceleration with internal and external sensors. In Figure 8 below, the
architecture overview of the Data Handling Subsystem (DHS) has been defined,
interfacing the VEB components (Battery, ES, UCTM, and UCAT). These DHS
products are planned to fit into the Avionics Container, which limits the DHS build
volume, but at the same time it will relax the environment requirements. This
enables the project to achieve the TRL 6 level without passing all required standard
qualification steps.

Figure 8: The product view
In Figure 9 below, the mechanical architecture of the Data Handling Subsystem
(DHS) is visualized with a casing based on the CubeSat standard.
For further details regarding the individual hardware components and the overall
system, please refer to [1].
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Figure 9: The mechanical view of the Data Handling System (DHS)

2.2 COTS Products

2.2.1 OBC-S product
The OBC-S product (see Figure 10 below) is a COTS product from AAC used
as the computer platform for building the customized Acquisition Boards (AQB).
This COTS product includes the following interfaces and features:
• The casing fits inside the CubeSat (PC104) standard
• Total weight: 135 g
• Nominally power consumption: 1W
• JTAG/FPGA interface (ST60-10P)
• DEBUG interface (ST60-18P)
• 2x SpW interfaces (nano-D9)
• Integrated SpW router with one internal and two external ports
• 10x Analog input channels, 4x GPIO (nanoD-25)
• 3x I2C, PPS, 12x GPIO (nano-D25)
• 3x RS422/485 interfaces (nano-D15)
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• 3x RS422/485 interfaces (nano-D15)
• Integrated features in power harness for: PPS, PULSE, SB, PSU control
• Error detection/correction of the boot memory (EDAC, TMR, FDIR)
• HK sensors (input voltage, regulated voltage, input current, temperature)

Figure 10: The OBC-S (FM) product

2.2.2 Mass Memory board (TCM-S)
The TCM-S product is a COTS product from AAC used as a platform to store
measured launch data towards its mass memory. The board will be customized to
download the mass memory data content towards the UCTM interface. This COTS
product includes the following interfaces and features:
• The casing fits inside the CubeSat (PC104) standard
• Total weight: 140 g
• Nominally power consumption: 1W
• JTAG/FPGA interface (ST60-10P)
• DEBUG interface (ST60-18P)
• Umbilical interface (nano-D15)
• 2x SpW interfaces (nano-D9)
• Integrated SpaceWire router with one internal and two external ports
• CCSDS XBAND (nano-D25)
• CCSDS SBAND (nano-D25)
• 12x PULSE outputs (nano-D25)
• 3x I2C, PPS, 12x GPIO (nano-D25)
• 3x RS422/485 interfaces (nano-D15)
• Integrated features in power harness for: PPS, PULS, SB, PSU control
• HK sensors (input voltage, regulated voltage, input current, temperature)
Public
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The TCM-S product includes a 16GB mass memory that is applicable to store both
uploaded commands and to store telemetry message data from the measurements.
This compressed data shall be forwarded to ground via the PCM CANNES or
RS422 interface. To communicate as the UCAT module, the FPGA needs to be
updated with a customized IP block that handles the CANNES bus communication
functionality. This customization replaces the standard CCSDS IP that is normally
provided by the COTS product.

2.3 SpaceWire Network and Synchronization
The main network features used in this architecture are the COTS integrated SpW
routers to forward the SpW messages between the addressed network nodes. The
PPS signal is applicable to provide DHS with time synchronization between the
boards. The PPS synchronization signal is combined with the absolute time that is
distributed via the SpW network. The PULSE control is used to reset any COTS
product from the EGSE interface. Both PPS and PULSE signals are distributed
through PSU as a star connection distributor.

Public
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3 Software Architecture
3.1 Overview
The following sections provide an overview of the preliminary software architecture of MaMMoTH-Up. For this, the system’s use cases are defined (cf. Section 3.2) before describing the applied abstraction layers towards the hardware
(cf. Section 3.3). Finally, based on the proposed data handling scheme (cf. Section 3.4), preliminary software components are defined and allocated to the different processing elements of the system (cf. Section 3.5).

3.2 Use Cases
Stakeholders of the MaMMoTH-Up system during operation and therefore actors in the use case diagram depicted in Figure 11 are the ground engineer of the
launcher on the one hand and the MaMMoTH-Up developer on the other side. The
ground engineer is mainly interested in the acquired data from the various sensors
to draw conclusions for residual improvements of the launcher or the avionics container. The MaMMoTH-Up developer focuses on the reported system health status
and the efficiency of the applied dependability techniques, the Fault Detection, Isolation and Recovery (FDIR) procedures and the self testing results on the one hand
and on the efficiency of the self configuring monitoring on the other hand.

Figure 11: Use Cases to be implemented by software
Following these intentions, Figure 11 shows the main functions that have to be implemented by the software. In order to provide a clearer picture of the spacecraft
Public
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and its environment, there will be an extensive acquisition of sensor data. This
sensor data will be analyzed in an online fashion, filtered, preprocessed and compressed according to the results of this analysis on the one hand and according to
the mission timeline on the other hand. The processed data will then be transmitted
to ground using the ARIANE5 telemetry system.
Meanwhile, the system health status consisting of COTS components has to be
monitored accurately. This is done by monitoring the operational sensors and additional housekeeping sensors on the one hand side and by executing self testing
procedures during flight. In the event of a detected fault, suitable countermeasures
will have to be selected and executed independently by the system. These might
range from a reset of the software to a reconfiguration of the system during which
single sensors or a whole acquisition unit might be decommissioned. The system
health status together with logged countermeasures executed by the system also
have to be transmitted to ground.

3.3 Abstraction Layers
The software developed in MaMMoTH-Up shall be as independent from the underlying hardware and Real-Time Operating System (RTOS) as possible to ease
the reuse in later projects. This is achieved by introducing the middleware libCOBC developed at DLR.
The overall layered architecture is depicted in Figure 12. On top of the hardware,
the operating system RTEMS (cf. Section 3.3.1) and the Board Support Package
(BSP) providing software access to board-specific bare metal features are located.
Furthermore, drivers are implemented to provide a higher level access to peripherals and devices next to the processor. LibCOBC (cf. Section 3.3.2) is located on
top of the operating system, the BSP and, partly, the drivers and is acting act as a
middleware for the application.
The following Sections 3.3.1 and 3.3.2 describe the operating system and libCOBC, respectively.

Figure 12: Layers of abstraction for hardware, drivers and operating system [5]
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3.3.1 Operating System: RTEMS
RTEMS is an acronym for Real-Time Executive for Multiprocessor Systems. It
is an open source operating system offering an open standard POSIX application
programming interface and is available in revision 4.11 during the development of
this project. Among other processor architectures (MIPS, Microblaze, ARM, etc.),
it supports the OpenRISC 1200 processor. Full support for the TCM-S and OBC-S
boards within MaMC is achieved through the implementation of suitable BSPs by
ÅAC that also include board-specific features like the mass memory, SpaceWire
routers and synchronization.

3.3.2 Middleware: libcobc
The libCOBC-library provides a exible, robust and reusable software platform, it’s
implementation is based on the CCSDS/ECSS recommendations. As shown in
Figure 12, the library is located between the underlying OS and the board support
package (BSP) on the one hand and the applications on the other hand. The core
elements of this platform are composed of a hardware abstraction layer, an operating system layer, a middleware layer, and essential services like a CCSDS/PUS
software stack and a timing module. Figure 13 shows these included modules and
layers and their dependencies among each other.

Figure 13: Modules within libCOBC [5]

To keep the software applications independent from
the embedded RTOS used and facilitate later re-use, the software does not access the OS directly, but through a thin abstraction layer. This RTOS layer provides C++-style access to e.g. the synchronization mechanisms like mutexes and
semaphores. Currently, the RTOS layer is ported upon the following OS:
Operating System Layer

• RTEMS
• FreeRTOS
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• POSIX compatible (e.g. Linux)
The implementation is selected at link/compile time. The setup, initialization and
resource management of the corresponding OS are beyond the scope of this library
and have to be done by the user itself during the system initialization. For example,
RTEMS requires the user to provide a maximum number of used resources like
mutexes or threads.
Included in the RTOS layer is a Hardware Abstraction Layer (HAL), encapsulating access to the processor peripherals like e.g.
registers. This allows building the components independent from the actual driver
provided for a specifc hardware platform. This also makes testing of the components possible in an easy way by exchanging the hardware drivers with mock-up
versions. The HAL only includes drivers directly depending on the processor.
Built on-top of the interfaces provided by these periphery drivers sits the driver
module.

Hardware Abstraction Layer

The Simple Message Passing Channel (SMPC) module provides simple middleware for communication between loosely coupled objects living in the same address space. Communication is based on the publish-subscribe
paradigm. Topics are the main information source. Components can subscribe to
topics or publish data under a topic to distribute it to all connected subscribers.
Components can communicate with each other, without directly knowing each
other. This generates a loosely coupled system with the possibility of replacing
components during testing with mock-ups, allowing to test each component in isolation with full control of the environment.
Middleware Layer

The CCSDS and PUS modules provides a spacecraft to
earth communication according to the applicable CCSDS standards. The modules consist of set of classes with the means to send and receive CCSDS telemetry
and telecommand frames and serialize and de-serialize their contents. Frames can
be send and received in two ways: (1) Fully encoded as a bitstream with attached
synchronization markers and Reed- Solomon encoded data using the CCSDS backend of the processor, and (2) as a data stream for testing over a Universal Asynchronous Receiver Transmitter (UART). The PUS module provides a framework
to develop applications and services according to ECSS-E-70-41A (PUS). Furthermore it implements some of the PUS standard services. As MaMMoTH-Up is
communicating only via the ARIANE5 telemetry and is, thus, not using PUS, this
module will not be used and is only mentioned for completeness.
CCSDS/PUS Modules

The time module provides a time base for all other application.
It does all the time handling and provides functions to convert between the local
satellite time (relative to the mission start) and Coordinated Universal Time (UTC).
The offset between the local time and UTC is changeable through telecommands.
The time management implements PUS service 9 so that the ground segment can
perform a correlation between satellite time and earth time.

Time Module
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For further details on libCOBC, please refer to [5].

3.4 Data Handling
As stated in the project’s description of action [4], gathering housekeeping information on ground is most important to ensure a successful mission. Because of
the criticality, the information is frequently sent using the spacecrafts real-time
Telemetry (TM). Special emphasis is being put on optimisation techniques for the
transfer of housekeeping data, because typically the downlink capacity has to be
shared among the spacecraft platform (e.g., satellite bus) and payload telemetry.
Beneath the TM capability of a spacecraft, extensive debug information is needed
in order to do a thorough monitoring of the spacecraft. But at the moment, this kind
of information is only used for Assembly, Integration & Verification/Assembly, Integration & Test (AIV/AIT) purposes for in-depth debugging of the internal state
and control flow of the spacecrafts boot image. Currently there is no technology available, which would provide this information on ground. Debug statement
within the software source code are not used during operation and often removed
before the launch. Consequently, the observability into the data handling system
is extremely reduced during the mission.
The DLR compact satellite series is a development programme, which shall promote an easily accessible, space based platform to carry out DLR’s research and
development activities. Within the first mission Eu:CROPIS, the satellite software
of the avionics subsystem is currently under development. The software will be
supplemented with a powerful monitoring framework, which enhances the traditional housekeeping capabilities and offers extensive filtering and debugging techniques for monitoring and FDIR needs.
The monitoring framework for Eu:CROPIS will offer the following functionality:
• store and forward debug information coming from other applications
• debugging in the development phase and during operation to evaluate software related issues and analyse the overall system
• fixed quota of the number of bytes sent to ground to avoid overflow of debug
messages
• data storage in dedicated buffer, discarded if the buffer is full
• designed by ”separation of concerns” principle
• fully configurable by telecommands in terms of the monitoring target and the
level of detail
• very low resource consumption
Standard TM will be used in order to transfer the monitoring data to ground. The
monitoring framework is currently under development and will serve as a baseline
for selfconfigurable monitoring within MaMMoTH-Up.
The design of the monitoring framework was so far driven by the needs for a
medium size satellite for a research mission allowing for interaction with a human
operator. The main requirements on the self-configuring framework to be developed within the MaMMoTH-Up project are
Public
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• real-time data processing and prioritization within the launchers flight schedule,
• the full functional compatibility with respect to the existing launcher Telemetry Data Acquisition Unit (french abbrev. UCTM) on the one hand, and
• the fulfilment of the functional requirements from the dependability and data
processing extensions on the other hand.
We want to move closer to the final goal by gradual integration of the new components. First, we will extend the monitoring framework with an extensive selfconfiguring mechanism. With this extension we will be able to selectively observe,
pre-process, and compress sensor data. The framework will be triggered by intelligent self-testing capabilities integral to the system. Triggered by this input, the
monitoring framework will re-focus attention in case of unexpected events in order to achieve a currently unavailable observability into the system. Because of
the tight timeline this kind of re-focusing would not be possible from a remote
operator due to high latencies.
In addition, the pre-definition of the launchers flight schedule will trigger the monitoring framework on fixed time points (e.g. jettisoning of upper stage or payload).
By doing this, we will be able to monitor relevant information with a high fidelity
at the time when they are supposed to occur during the mission. If storage capacity
becomes low, eventually lowering the resolution and frequency of the monitoring
information for some other parts of the system may be necessary.
At the end, all gathered monitoring data will be pre-processed and compressed
with suitable compression algorithms. Figure 14 depicts an overview of the described processing chain.

Figure 14: Data handling flow in MaMMoTH-Up [4]
This design will allow for far more flexibility and configurability in terms of data
acquisition and processing in comparison to what is offered by the existing telemetry processing unit UCTM on board the upper stage. Further possible design extensions of the framework may include a merge of standard debugging techniques
(like printf-statements, which were inserted into the source code) together with the
housekeeping and science telemetry processing (One-for-all solution).
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3.5 Software Components and their Deployment
Elaborating from the description of the data handling system given above, a number of software components has been identified to execute the main functions of
MaMC. The identified components are described in more detail in the following.
The DataAcquisitionController will query the sensors and provide the acquired data to the DataProcessor. As both of the OBC/AQB
units will acquire sensor data, there will be an instance of this controller deployed
to each of these units.

DataAcquisitionController

The DataProcessor will process the sensor data provided by the
DataAcquisitionController. That means it will analyze, preprocess and compress
the incoming data according to the mission timeline and the calculated relevance
of the data. Afterwards, the data is forwarded to the experiment controller. Like
the DataAcquisitionController, there will be a seperate DataProcessor on each of
the OBC/AQB units.
DataProcessor

The ExperimentController will sit on the TCM-S unit
and supervise the experiment. It will filter the incoming data from the OBC/AQB
units depending on the data’s relevance. The data that is considered most interesting according to the mission timeline and certain sensor-dependent phenomena in
the input data will be stored on the mass memory for transmission to ground.
ExperimentController

The MassMemoryController will manage the mass memory unit on the TCM-S. It will hold memory to store the processed sensor data
and housekeeping information for later transmission to ground using the TelemetryController.
MassMemoryController

The TelemetryController will be responsible for the communication towards the ARIANE5 electronics (UCTM and sequential electronics).
Hereby, the communication will be triggered by the ARIANE5 and, thus, the
TelemetryController will have to respond within a critical time span. Because
it will need to retrieve the data that shall be transmitted to ground from the mass
memory, it might have to manage a buffer in order to be able to respond to the
ARIANE5 data requests in time.
TelemetryController

The LocalFDIRController will be responsible for fault detection, isolation and recovery on a unit level. Hence, each processing has its own
instance of this component executing self-tests and initiating countermeasures. In
case a fault is detected but cannot be handled on a unit level, it is reported to the
GlobalFDIRController.
LocalFDIRController
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The GlobalFDIRController will execute the system’s
FDIR functionality on system level. Faults that cannot be handled on a unit level
will be reported to the GlobalFDIRController which will then be able to initiate a
system reset or even reconfiguration.
GlobalFDIRController

The PowerController will be responsible for driving the Power
Supply Unit (PSU) of the system and check its health status.
PowerController

The HousekeepingController will report the system
health status. Depending on the current system status and possible previous faults,
this status can be more or less extensive by assigning each possible message a log
level that has to be exceeded before considering the message for transmission to
ground. Because there will be no human operator in charge during the mission, the
HousekeepingController will have to rely on the FDIRControllers and measured
data from experiment sensors as well as houskeeping sensors to draw conclusions
about the current health status of the system.
HousekeepingController

As MaMC consists of three processing elements, the components will be deployed
to at least one of these. This allocation is given in Figure 15.

Figure 15: Deployment of the identified software components to processing units
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4 Implementation and Verification
A dedicated implementation and verification approach has been set up for MaMMoThUp. It consists of a clear product beakdown and a related test logic that covers acceptance and qualification tests on unit level, interface level und integrated system
level. This approach applies for both hardware and software products.
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