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1 Introduction

This is the requirements and design document for Toolbox Plane, an automated model
plane. It is designed to fly autonomously for up to 100km with an automated launch
and landing.

This document is structured into three chapters: the first chapter captures the require-
ments and refines them to be used as a basis for implementation and verification. The
second chapter assesses the safety risk posed by failures of the different components and
describes mitigations to limit the risk. The last chapter describes the exact interfaces
and protocols used between the different components.



2 Requirements

This chapter shall capture all requirements posed to the system by this task and refine
them to use as a basis for both implementation and verification.

The refinement consists of multiple levels:

The operational requirements (OP) capture all requirements directly necessary for
airplane operation. The verification of the OP requirements is done during mission
execution.

The plane high-level (P-HL) requirements decompose the operational requirements
into testable requirements and extend them by design-decision relevant to the
implementation of the complete plane. The verification of the P-HL requirements
is done using flight tests.

The plane low-level (P-LL) requirements further decompose the plane high-level
requirements and allocate them to specific systems. The verification of the P-LL
requirements is done via the verification of the system specific HL requirements.

The system-specific high-level requirements consist of the plane low-level require-
ments allocated to this system and system-specific design decisions. The verifica-
tion of the system-specific high-level requirements is done via integration tests of
the system.

The system-specific low-level requirements refine the system-specific high-level re-
quirements for implementation. The verification of the implementation require-
ments is done using unit tests.

An exemplary overview of the structure is given in Figure 2.1.
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Figure 2.1: Structure of the requirements.

Requirements are formulated using the wording defined in [1], with keywords in all
UPPERCASE.



2.1 Operational










2.2 Plane High-Level
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2.3 Plane Low-Level
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2.4 Flight-Controller-Software High-Level
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CONTROLLER ERROR_HANDLER

APPLICATION

MODE_HANDLER
l Appsion

FLIGHTCOMPUTER ACTUATORS
Components

PROTOBUF BNOO055
UART Buffer UART Buffer BNOO055-UART

PWMI16BIT TIMERSBIT
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2.5 Flight-Controller-Software Low Level

See the Flight-Controller-Software Documentation.
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3 Safety Assesment

The following chapter lists the possible failure conditions and their severity. The severity
of an issue is classified in five levels, depending on the influence of the performance of
the complete system, Table 3.1 list these levels.

Level Consequence of Failure

HO QW

Failure will lead to loss of aircraft

Failure will lead to damage of aircraft

Failure will result in non-fulfillment of mission

Failure will lead to inconvenience during mission fulfillment
No consequence on aircraft

Table 3.1: Safety Levels

3.1 Failure Analysis

Table 3.2 lists all analyzed failures, the failures are determined by analyzing all exter-
nal interactions of the systems under the aspects of availability and integrity of the

interaction.

Failure ‘ Severity ‘

Loss of control surface actuation | A Without control surface actuation
no stable flight can be guaranteed

Invalid control surface actuation | A With incorrect control surface actu-
ation no stable flight can be guaran-
teed

Loss of thrust B Without thrust an emergency land-
ing must be performed

Invalid thurst control C

Loss of debug data D

Invalid debug data C

Table 3.2: Failure Conditions
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3.2 Fault Analysis

For the failures listed above, all faults by components will result in the respective failure
shall be analyzed and mitigations to avoid the fault shall be found. The extent and
necessity of the mitigations are determined by the severity of the failure.
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4 Interface Definition

4.1 Physical Configuration

USB

4.2 Electrical Configuration
4.2.1 UART Configuration
4.3 Encoding

Format Messages IDs

4.3.1 Flightcontroller Message
4.3.2 Nav Message

4.4 Remote Configuration
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