
 

UNIVERSIDADE ESTADUAL PAULISTA – UNESP 

Faculdade de Engenharia e Ciências - Campus de Guaratinguetá 

 

 

 

 

 

 

 

 

 

 

HENRIQUE COSTA RANGAN 

 

 

 

 

 

 

 

AVIONICS SYSTEM CERTIFICATION 

Study-case of DVDR integration in a commercial aircraft 

 

 

 

 

 

 

 

 

 

 

Guaratinguetá, SP 

2025  



 

HENRIQUE COSTA RANGAN 

 

 

 

 

 

 

 

 

AVIONICS SYSTEM CERTIFICATION 

Study-case of DVDR integration in a commercial aircraft 

 

 

 

 

 

Trabalho de Conclusão de Curso 

apresentada à Universidade Estadual 

Paulista (UNESP), Faculdade de 

Engenharia de Guaratinguetá, 

Guaratinguetá, para obtenção do título de 

Bacharel em Engenharia Elétrica. 

 

 

Orientador(a): Prof. Dr. Daniel Julien B. da 

S. Sampaio 

 

 

 

 

 

 

Guaratinguetá, SP 

2025  



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
R196a 

Rangan, Henrique Costa    
       Avionics system certification: study-case of  DVDR 
integration in a commercial aircraft / Henrique Costa Rangan 
-  Guaratinguetá, 2025. 
     115 f : il.  
     Bibliografia: f. 108-115 
 
  Trabalho de Graduação em Engenharia Elétrica – 
Universidade Estadual Paulista, Faculdade de Engenharia e 
Ciências de Guaratinguetá, 2025. 
 
       Orientador: Prof. Dr. Daniel Julien B. da S. Sampaio 
 
1. Certificação digital. 2. Aeronaves. 3. Engenharia de 
sistemas. 4. Engenharia aeroespacial.  I. Título. 
 

CDU 629.73  
 
​      Luciana Máximo 

      Bibliotecária/CRB-8 3595 





 

ACKNOWLEDGMENTS 

 

I would like to express my gratitude to my academic advisor, Prof. Dr. 

Daniel Julien B. da S. Sampaio, for his guidance and patience throughout the 

development of this work. His technical expertise and support were fundamental to the 

successful completion of this project. 

I am also profoundly thankful to my family, whose love, support, and 

understanding were crucial during my academic journey. Also, thank you to my friends 

for the motivation, companionship, and for always believing in me. 

Finally, I extend my sincere thanks to all the professors of the Electrical 

Engineering program. Each of you contributed to my formation as an engineer and 

citizen, further I am truly grateful for the knowledge, insights and inspiration shared 

during this journey. 

 

  



 

RESUMO 

 

Este trabalho apresenta um estudo de caso abrangente sobre o processo de 

integração e certificação de um Digital Voice and Data Recorder (DVDR) em uma 

aeronave comercial moderna sob a perspectiva do Fabricante de Equipamento 

Original (OEM). O DVDR é um sistema crítico de segurança que consolida as 

funções do Cockpit Voice Recorder (CVR) e do Flight Data Recorder (FDR), 

garantindo a preservação de dados operacionais e de áudio para investigação de 

acidentes e conformidade regulatória. 

O estudo explora a arquitetura funcional do sistema DVDR, incluindo componentes 

essenciais como a unidade de memória resistente a impactos, o sinalizador de 

localização subaquática e as interfaces da aeronave. Detalha os desafios técnicos, 

regulatórios e organizacionais encontrados ao longo do ciclo de vida de 

desenvolvimento do sistema, alinhando-se às normas da indústria, tais como 

ARP4754A, ARP4761, DO-178C, DO-254 e DO-160G. A ênfase é dada ao papel do 

OEM na derivação de requisitos, definição de interfaces, avaliação de segurança, 

planejamento de verificação e coordenação de certificação com autoridades como 

FAA e EASA. 

Ao analisar cada fase de desenvolvimento e suas entregas, o estudo demonstra 

como metodologias de engenharia estruturadas e rigorosos frameworks de 

conformidade asseguram a integração bem-sucedida de sistemas DVDR que 

atendem tanto aos objetivos operacionais quanto aos de segurança na aviação civil 

global. 

 

Palavras-chave: Digital Voice and Data Recorder (DVDR); Certificação aviônica; 

Memória resistente a impactos; Flight Data Recorder; Cockpit Voice Recorder; 

Integração de sistemas; ARP4754A; DO-178C; DO-254; DO-160G; FAA; EASA; 

Avaliação de segurança; Engenharia de sistemas aeronáuticos; Conformidade 

regulatória. 

 

 

 

  



 

ABSTRACT 

 

This paper presents a comprehensive case study on the integration and certification 

process of a Digital Voice and Data Recorder (DVDR) in a modern commercial 

aircraft from the perspective of the Original Equipment Manufacturer (OEM). The 

DVDR is a critical safety system that consolidates the functions of the Cockpit Voice 

Recorder (CVR) and the Flight Data Recorder (FDR), ensuring the preservation of 

operational and audio data for accident investigation and regulatory compliance.  

The study explores the functional architecture of DVDR systems, including core 

components such as the crash-survivable memory unit, underwater locator beacon, 

and aircraft interfaces. It details the technical, regulatory, and organizational 

challenges encountered throughout the system development life cycle, aligning with 

industry standards such as ARP4754A, ARP4761, DO-178C, DO-254, and DO-

160G. Emphasis is placed on the OEM's role in requirement derivation, interface 

definition, safety assessment, verification planning, and certification coordination with 

authorities such as FAA and EASA.  

By analyzing each development phase and its deliverables, the study demonstrates 

how structured engineering methodologies and rigorous compliance frameworks 

ensure the successful integration of DVDR systems that meet both operational and 

safety objectives in global civil aviation. 

 

Keywords: Digital Voice and Data Recorder (DVDR); Avionics certification; Crash-

survivable memory; Flight data recorder; Cockpit voice recorder; System integration; 

ARP4754A; DO-178C; DO-254; DO-160G; FAA; EASA; Safety assessment; Aircraft 

systems engineering; Regulatory compliance. 
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1 INTRODUCTION 

 

1.1. WHAT IS A DVDR AND ITS PURPOSE 

 

A Digital Voice and Data Recorder (DVDR) represents one of the most 

critical safety systems in modern commercial aircraft, serving as an essential tool for 

accident investigation and continuous flight safety improvement (FAA, 2020a; ICAO, 

2018b). This sophisticated electronic system combines the functionality of two 

traditionally separate recording devices, the Cockpit Voice Recorder (CVR) and the 

Flight Data Recorder (FDR), into a single integrated unit that captures and preserves 

crucial information about aircraft operations and crew communications (EUROCAE, 

2019). 

Figure 1 – Honeywell LW-HR25 Combined Recorder. 
 

 
Source: Honeywell (2025) 

 

Figure 2 – Honeywell LW-FDR Flight Data Recorder - 25 Hours. 

 
Source: Honeywell (2025)  
 

 

 

 

 

 



12 

Figure 3 – LW-CVR Cockpit Voice Recorder - 2 Hours. 

 

Source: Honeywell (2025)  

 

This evolution from stand-alone analog recording systems to integrated 

digital recorders reflects the focus of the industry on safety technology and data 

handling capability. While aircraft in the past relied on magnetic tape-based systems 

that recorded a limited number of parameters, modern DVDRs capture hundreds of 

flight parameters along with high-quality digital audio, providing investigators with 

complete details of aircraft behavior and crew performance during abnormal behavior 

and emergency conditions (NTSB, 2020; BEA, 2019). 

These systems allow for post-incident analysis that has been directly 

accountable for considerable progress in airplane design, flight practices, and pilots' 

training programs (IATA, 2022). Through keeping objective records of the 

performance of aircraft and the patterns of crew decision-making, DVDRs enable the 

aviation community to pursue learning from accidents and routine operations and 

enhance safety for all commercial aviation parties (Reason, 1997). 

Besides, the DVDR is also a regulatory compliance system, satisfying 

requirements established by aviation authorities around the world for commercial 

operations of aviation (FAA, 2021d; EASA, 2021b). This double role as an 

improvement device for safety and regulatory compliance system emphasizes the 

critical role of proper integration, certification, and operational reliability during aircraft 

service life (SAE, 2010). 

 

1.2. BASIC FUNCTIONS OF THE DVDR 

 

Modern Digital Voice and Data Recorders perform four fundamental 

functions that collectively ensure comprehensive flight information capture and 

preservation for safety analysis and regulatory compliance. These integrated 
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capabilities represent a significant advancement over legacy recording systems, 

providing investigators and safety analysts with unprecedented access to detailed 

aircraft operational data (FAA, 2019f; EUROCAE, 2020a). 

The data recording function constitutes the primary operational capability 

of the DVDR, continuously capturing hundreds of flight parameters including altitude, 

airspeed, engine performance data, control surface positions, autopilot engagement 

status, and navigation information (ARINC, 2018). Contemporary DVDRs are capable 

of recording between 88 to over 2,000 parameters depending on aircraft complexity 

and regulatory requirements, with sampling rates varying from once per second to 

multiple times per second for critical parameters (FAA, 2021d; ICAO, 2020a). This 

comprehensive data acquisition enables detailed reconstruction of aircraft behavior 

during both normal operations and emergency situations, providing investigators with 

objective evidence of system performance and crew inputs. 

The voice recording function captures all audio within the cockpit 

environment, including pilot-to-pilot communications, air traffic control interactions, 

warning system alerts, and ambient cockpit sounds (EASA, 2019). Modern systems 

utilize digital audio compression techniques to maintain high-quality recordings while 

optimizing storage capacity, typically preserving the most recent two hours of cockpit 

audio in accordance with international regulatory requirements (RTCA, 2017). 

Advanced DVDR systems may incorporate multiple audio channels to differentiate 

between crew positions and isolate specific communication sources during analysis. 

Data storage and management capabilities ensure the integrity and 

accessibility of recorded information through sophisticated memory management 

systems and data protection protocols (L3Harris, 2022). DVDRs employ solid-state 

memory technology with built-in error correction and data verification algorithms to 

maintain information accuracy even under extreme operational conditions 

(Honeywell, 2021). The systems implement cyclical recording techniques that 

continuously overwrite the oldest data while preserving the most recent operational 

period, ensuring that the final moments of flight are always captured regardless of 

flight duration (Curtiss-Wright, 2020). 

The crash survival capability represents perhaps the most critical function 

of the DVDR, as the system must preserve recorded data through catastrophic 

events that may destroy other aircraft systems. This function is achieved through 

specialized crash-survivable memory units (CSMU) designed to withstand extreme 
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temperatures, impact forces, crushing loads, and prolonged water immersion as 

specified in international environmental standards (NIST,2020). Additionally, DVDRs 

incorporate underwater locator beacons (ULB) that facilitate recovery efforts in 

marine environments, automatically activating upon water contact and transmitting 

location signals for up to 90 days (IMO, 2018). 

 

1.3. SYSTEM COMPONENTS OVERVIEW 

 

The Digital Voice and Data Recorder comprises several interconnected 

subsystems and components, each designed to fulfill specific functional requirements 

while contributing to the overall system reliability and crash survivability objectives. 

Understanding the architectural composition of DVDR systems is essential for 

comprehending the certification challenges associated with component-level 

qualification, system integration verification, and aircraft-level installation compliance 

(SAE, 2019). 

 

Figure 4 – SSFDR Honeywell-ED-55 Flight Data Recording System 

Components. 

 

Source: Honeywell (s.d.). 
 

The main subsystems of a DVDR system are: 

a) Recording Unit; 

b) Crash-Survivable Memory Unit (CSMU); 

c) Underwater Locator Beacon (ULB); 

d) Aircraft interface connections; 

e) Ground support equipment. 
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Recording Unit is the core of the processing and control of the DVDR 

system with integrated advanced digital signal processing capabilities, compression 

algorithms, and system management. This unit commonly employs several 

processing modules such as analog-to-digital converters for voice signals, digital data 

interfaces for flight parameter acquisition, and embedded processors executing real-

time operating systems that are certified to relevant Design Assurance Levels (DAL) 

according to DO-178C (RTCA, 2021). The recording unit employs sophisticated data 

formatting protocols, time synchronization functionality, and built-in test equipment 

(BITE) capability for continuous monitoring of system health and fault detection (SAE, 

2018b). 

Crash-Survivable Memory Unit (CSMU) is critical from the viewpoint of 

certification since it ought to preserve data captured under catastrophic conditions 

and be in accordance with stringent environment qualification criteria (FAA, 2020b). 

CSMUs presently utilize solid-state memory technology with redundant storage 

architecture, wear leveling algorithms, and error correction coding as multiple levels 

of data protection. These units are impact acceleration tested to 3,400g, crushing 

force tested to over 5,000 pounds, fire-tested for one hour at 1,100°C, and water 

immersion tested to depths of 6,000 meters according to EUROCAE ED-112A and 

RTCA DO-197 standards. 

Underwater locator beacon (ULB) provides essential recovery capability 

for in water accident cases, designed to be automatically activated on water impact to 

produce acoustic location signals at a 37.5 kHz frequency (ICAO, 2019). 

Contemporary ULB products feature longer battery life options, emitting at least 90 

days as required by new global standards, with compatibility with installed search and 

recovery equipment used by aviation regulators worldwide (FAA, 2021c). ULB 

integration requires careful regard to mounting location, actuation mechanisms, and 

signal propagation behavior to ensure sound operation for a broad variety of crash 

environments. 

Aircraft interface connectors comprise the complex web of power, data, 

and audio connectors between the DVDR and aircraft systems and infrastructure 

(ARINC, 2019). Power interface requirements include primary aircraft power (typically 

28VDC or 115VAC depending on aircraft electrical design), auxiliary power 

provisions for sustained operation in case of electrical emergencies, and power 

conditioning circuits to sustain stable operation despite aircraft electrical system 
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transients (RTCA, 2018a). Data bus interfaces vary significantly by aircraft generation 

and manufacturer, from older ARINC 429 discrete data buses in legacy aircraft to 

newer high-speed networks such as AFDX (Avionics Full Duplex Switched Ethernet) 

in newer aircraft designs. 

Ground support equipment completes the DVDR ecosystem by providing 

essential capabilities for data retrieval, analysis, and system maintenance throughout 

the aircraft life cycle. This equipment includes specialized data download modules 

that interface with the CSMU for recovering post-flight data, analysis software to 

process and present the complex multi-parameter data streams, and test gear 

utilized for recurring system verification and fault location (FAA, 2020c). The ground 

support equipment must be compatible with various DVDR models and 

manufacturers while having the capability to ensure data integrity and security 

throughout transfer and analysis processes, even more so given the sensitive nature 

of recorded flight data. 

The integration of these components presents special certification 

challenges because each will need to be individually qualified to appropriate 

standards but, simultaneously, display compatibility and appropriate function as an 

integrated system within the overall aircraft environment (SAE, 2010). This layered 

process of certification must include coordination among component suppliers, DVDR 

producers, and aircraft integrators to provide conformity to applicable airworthiness 

standards and operational requirements. 

 

1.4. INTEGRATION CONTEXT IN AIRCRAFT 

 

Digital Voice and Data Recorders integration into modern business jets is 

a systems engineering effort of great complexity that requires close multi-technical, 

regulatory, and operational considerations. DVDR integration extends beyond the 

installation of individual equipment to border on overall system design architecture, 

interface control, and certification coordination across multiple aircraft systems and 

subsystems (ICAO, 2018a). 

Interface to several aircraft systems is perhaps the most technically 

difficult aspect of DVDR integration, as such recorders must interface to different 

aircraft subsystems without degrading data integrity and system reliability (SAE, 

2019). For example, flight management systems (FMS) provide significant navigation 
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and performance data such as aircraft position, flight plan data, and autopilot status 

through standardized data bus protocols. 

In addition, engine monitoring systems deliver essential propulsion-related 

parameters such as engine pressure ratios, exhaust gas temperatures, fuel flow 

rates, and thrust settings, requiring DVDR interfaces that can accommodate high-rate 

data sampling and multiple engine configurations. Further, integration of 

communications systems enables the DVDR to capture air traffic control 

communications, inter-pilot conversation, and aircraft system audio alerts through 

dedicated audio routing and signal conditioning circuits (ICAO, 2020b). 

Installation specifications also exist to cover physical and environmental 

constraints with strict implications on certification difficulty and extent of aircraft 

modification (FAA, 2019c). DVDR location selection must balance requirements for 

maintenance accessibility and data recovery with crash survivability requirements, 

usually resulting in installation in the most structurally integrity regions of the aircraft 

such as the tail section or armored cargo bays (EASA, 2021a). 

Mounting systems must survive operational vibration, turbulence loads, 

and emergency landing forces with secure fastening resisting DVDR displacement 

during crash conditions (RTCA, 2018b). Accessibility requirements demand adequate 

clearance for installation, normal maintenance operation, cable routing, and 

emergency data recovery operations often necessitating aircraft structural 

modification or specialized installation brackets. 

Another relevant consideration to be conducted is on Power supply and 

backup power that are prominent design elements that ensure uninterrupted DVDR 

performance throughout all phases of flight and in emergency situations. Primary 

power interfaces are typically coupled with aircraft primary bus systems that maintain 

power integrity for the majority of electrical system malfunctions, while backup power 

provisions may include separate battery systems or attachment to aircraft emergency 

power sources. 

Power conditioning circuits must manage aircraft electrical system 

fluctuations, voltage transients, and frequency deviations while maintaining stable 

DVDR operation and protecting sensitive recording electronics. Emergency power 

duration requirements necessitate that DVDR systems continue recording for 

specified periods following main power failure, necessitating careful power budget 

analysis and backup system sizing. 
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Data bus interfaces vary significantly between aircraft models and 

manufacturers, so DVDR designs must be able to support multiple communication 

protocols and interface standards. Legacy ARINC 429 data buses, which are 

prevalent in the majority of commercial aircraft, have point-to-point serial 

communications with specific electrical and protocol requirements that DVDR 

interfaces must emulate carefully (ARINC, 2019). 

New aircraft are increasingly employing AFDX (Avionics Full Duplex 

Switched Ethernet) networks, which have increased bandwidth and more flexible 

connectivity but require DVDR systems to manage complex network protocols and 

quality-of-service. Some aircraft employ manufacturer-specific or proprietary data bus 

architectures, for which custom DVDR interface design and additional certification 

coordination with manufacturers are required. 

 

1.5. REGULATORY FRAMEWORK INTRODUCTION 

 

The integration of Digital Voice and Data Recorders onto modern 

commercial aircraft is a systems engineering challenge that is both complex and 

highly nuanced with multiple technical, regulatory, and operational factors to 

consider. The integration of DVDR is more than the installation of equipment and 

approaches the overall development of system architecture, interface control, and 

certification coordination between various airplane systems and subsystems (ICAO, 

2018b). 

An interface to many of the aircraft systems constitutes one of the most 

technologically demanding aspects of DVDR integration since such recorders must 

interface with diverse aircraft subsystems without affecting data integrity and system 

reliability (SAE, 2019). For example, flight management systems (FMS) provide 

critical navigation and performance data such as aircraft position, flight plan 

information, and autopilot status through standardized data bus protocols. 

Further, engine monitoring systems transmit vital propulsions-related 

information such as engine pressure ratios, exhaust gas temperatures, fuel flow 

rates, and thrust settings, requiring DVDR interfaces to facilitate high-frequency data 

sampling rates and different engine configurations. Additionally, the integration of 

communications systems enables the DVDR to capture air traffic control voice 
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communications, inter-pilot communications, and aircraft system audio alerts by 

means of dedicated audio routing and signal conditioning circuits (ICAO, 2020b). 

There are installation specifications to consider stringent physical and 

environmental requirements that have a direct impact on certification complexity and 

the extent of aircraft modification (FAA, 2019c). DVDR location selection must 

balance maintenance and access requirements for data retrieval and crash 

survivability requirements, typically resulting in placement in the most structurally 

robust areas of the aircraft such as the tail section or reinforced cargo compartments 

(EASA, 2021a). 

Mounting assemblies must withstand operational vibration, turbulence 

load, and emergency landing force while ensuring safe attachment that prevents 

DVDR movement during crash conditions (RTCA, 2018b). Accessibility requirements 

require adequate installation clearance, routine maintenance procedure, cable 

routing, and emergency data retrieval operations, often requiring aircraft structure 

changes or custom installation brackets. 

Another relevant consideration to be performed relates to Power supply 

and backup power that are the crucial design features providing uninterrupted DVDR 

operation throughout all flight phases and emergency situations. Primary power 

interfaces tend to be wired to aircraft critical bus systems ensuring power availability 

on most electrical system failures, whereas backup power provisions may include 

dedicated battery systems or access to aircraft emergency power sources. 

Power conditioning networks must be tolerant of aircraft electrical system 

variations, voltage transients, and frequency excursions with stable operation of the 

DVDR and safe protection of sensitive recording electronics. Emergency power 

duration needs necessitate DVDR systems to record for specified periods following 

loss of main power, so accurate power budget analysis and backup system sizing are 

called for. 

Data bus interfaces also vary significantly across airplane generations and 

manufacturers, which require DVDR designs to accommodate a variety of 

communication protocols and interface specifications. The traditional ARINC 429 

data buses, still prevalent in the majority of commercial aircraft, utilize point-to-point 

serial communication with precise electrical and protocol requirements that must be 

supported directly by DVDR interfaces (ARINC, 2019). 
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Airplanes increasingly employ contemporary AFDX (Avionics Full Duplex 

Switched Ethernet) networks with higher bandwidth and more flexible connection but 

require DVDR systems to manage complex network protocols and quality of service. 

Some planes employ proprietary or manufacturer-specific data bus structures that 

require custom DVDR interface development and additional certification coordination 

with aircraft manufacturers. 

 

1.6. SYSTEM DEVELOPMENT ORGANIZATION AND STANDARDS 

FRAMEWORK 

 

1.6.1. Organizational roles and responsibilities in DVDR certification 

 

The certification of Digital Voice and Data Recorder systems within 

commercial aircraft represents a complex organizational and technical challenge that 

requires coordinated execution across multiple entities, each operating under distinct 

but interconnected standards frameworks. The organizational structure for DVDR 

certification involves three primary stakeholders (FAA, 2021b):  

a) Aircraft Original Equipment Manufacturer (OEM): who maintains overall aircraft 

certification responsibility;  

b) DVDR equipment supplier: who must achieve Technical Standard Order (TSO) 

approval for their product; 

c) Certification Authorities: who provide regulatory oversight and approval 

throughout the processes.  

This multi-party environment creates unique coordination challenges 

where certification responsibilities must be clearly delineated while ensuring technical 

integration and regulatory compliance across organizational boundaries. 

 

1.6.2. ARP4754A - DVDR system architecture development 

 

Within this organizational framework, ARP4754 Guidelines for 

Development of Civil Aircraft and Systems provides the overarching methodology for 

managing DVDR system architecture development from the aircraft manufacturer's 

perspective (SAE, 2019). The standard establishes systematic processes for aircraft-

level system development that encompass requirements definition, system 
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architecture design, safety assessment integration, and verification planning activities 

that directly influence DVDR integration complexity.  

Consequently, aircraft manufacturers must apply ARP4754 processes to 

define aircraft-level requirements for DVDR functionality, establish system 

architecture that accommodates DVDR interfaces with flight management systems, 

engine monitoring systems, and communication systems, and conduct aircraft-level 

safety assessments that determine appropriate Design Assurance Levels for DVDR 

integration (SAE, 2019). 

Furthermore, the standard emphasis on systematic development 

processes requires aircraft manufacturers to establish formal development 

procedures, design review processes, and configuration management systems that 

coordinate DVDR integration activities with broader aircraft development programs 

while maintaining traceability between aircraft-level requirements and DVDR supplier 

specifications. 

 

1.6.3. DO178C - Software development lifecycle for DVDR embedded 

systems 

 

Complementing the system-level framework, DO-178C Software 

Considerations in Airborne Systems and Equipment Certification governs the 

development lifecycle for DVDR embedded systems, creating significant coordination 

requirements between aircraft manufacturers and DVDR suppliers throughout the 

software development process (RTCA, 2021).  

DVDR systems incorporate complex embedded software for data 

recording management, audio compression algorithms, system health monitoring, 

and interface protocols that must comply with DO-178C requirements appropriate to 

the determined Design Assurance Level.  

Therefore, aircraft manufacturers must oversee supplier compliance with 

DO-178C processes including: 

a) Software planning activities: Review and approve supplier Plans for Software 

Aspects of Certification (PSAC); 

b) Software development standards: Monitor supplier adherence to approved 

software development processes; 

c) Software architectural design processes: Participate in software design reviews 
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and verification activities; 

d) Software verification procedures that demonstrate requirements compliance: 

Ensure that aircraft-level software requirements are properly allocated and 

verified within the supplier software development lifecycle. 

 

1.6.4. DO-254 - Hardware development assurance for crash-survivable 

memory units 

 

The DO-254 Design Assurance Guidance for Airborne Electronic 

Hardware establishes comprehensive requirements for crash-survivable memory 

units and specialized interface hardware components that constitute critical elements 

of DVDR systems (RTCA, 2020).  

The hardware development assurance process requires coordination 

between aircraft manufacturers and DVDR suppliers to ensure that custom hardware 

components, crash-survivable memory units designed to withstand extreme 

environmental conditions comply with appropriate hardware design assurance levels 

and verification requirements.  

Moreover, aircraft manufacturers must evaluate supplier: 

a) Plans for Hardware Aspects of Certification (PHAC); 

b) Review hardware architectural designs and verification procedures; 

c) Ensure that hardware verification activities demonstrate compliance with aircraft-

level environmental and performance requirements. 

The complexity of DO-254 compliance for DVDR systems stems from the 

unique crash survivability requirements that necessitate specialized hardware 

designs, extensive environmental testing, and verification procedures that extend 

beyond typical avionics hardware certification approaches. 

 

1.6.5. DO-160G - Environmental qualification requirements and test 

procedures 

 

Simultaneously, hardware and software development standards, DO-160G 

Environmental Conditions and Test Procedures for Airborne Equipment defines the 

environmental qualification requirements that DVDR systems must satisfy to ensure 
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reliable operation throughout the aircraft operational envelope and crash survival 

scenarios. 

The environmental qualification process requires extensive coordination 

between aircraft manufacturers and DVDR suppliers to define aircraft-specific 

environmental requirements, plan and execute comprehensive test programs, and 

demonstrate compliance with both operational and crash survival environmental 

conditions.  

Subsequently, aircraft manufacturers must specify environmental 

conditions based on intended installation locations, coordinate witness activities for 

supplier-conducted environmental testing, and validate that test results demonstrate 

adequate environmental qualification for aircraft integration. (RTCA, 2018b). 

The environmental testing complexity for DVDR systems encompasses 

operational environmental conditions including temperature, humidity, vibration, and 

electromagnetic interference requirements, as well as crash survivability testing that 

subjects systems to extreme impact, fire, and immersion conditions that simulate 

catastrophic accident scenarios. 

 

1.6.6. TSO-C123a and TSO-C124a - Compliance demonstration strategies 

 

Beyond the development standards, Technical Standard Order compliance 

requirements for TSO-C123a (Flight Data Recorder Systems) and TSO-C124a 

(Cockpit Voice Recorder Systems) create parallel certification paths that DVDR 

suppliers must navigate while maintaining coordination with aircraft manufacturer 

integration activities. 

The TSO compliance process requires DVDR suppliers to demonstrate 

that their products meet comprehensive technical specifications including recording 

performance, crash survivability, and environmental qualification requirements, while 

aircraft manufacturers must ensure that TSO-approved products satisfy aircraft-

specific integration requirements and operational needs. (FAA, 2019e; FAA, 2019f) 

Notably, aircraft manufacturers participate in TSO compliance activities by 

defining aircraft-specific requirements that influence supplier TSO application 

content, reviewing supplier compliance demonstrations to ensure compatibility with 

aircraft integration approaches, and coordinating with certification authorities to 
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address any conflicts between TSO requirements and aircraft-level certification 

requirements (FAA, 2019e; FAA, 2019f). 

The dual nature of DVDR systems that integrate both flight data recording 

and cockpit voice recording capabilities requires suppliers to demonstrate compliance 

with both TSOs simultaneously, creating certification complexity that demands careful 

coordination of test programs, documentation packages, and regulatory interactions. 

 

1.6.7. Certification authority coordination and approval processes 

 

Including these technical standards, certification authority coordination and 

approval processes require aircraft manufacturers to manage complex interactions 

with Federal Aviation Administration (FAA), European Aviation Safety Agency 

(EASA), and other regional certification authorities throughout the DVDR certification 

lifecycle (FAA, 2021a; EASA, 2020b). Other regional authority on the certification 

process depends on where airlines are going to fly. 

The certification authority coordination process includes initial certification 

planning discussions where aircraft manufacturers present DVDR integration 

approaches and seek approval for certification methodologies, ongoing technical 

coordination during development and testing phases where authorities review 

compliance evidence and provide technical guidance, and formal certification 

activities where authorities conduct final reviews and issue appropriate certifications 

or approvals. 

Furthermore, aircraft manufacturers must coordinate certification authority 

interactions across multiple organizational boundaries including direct engagement 

with authorities on aircraft-level certification issues, coordination of supplier 

interactions with authorities regarding TSO compliance matters, and management of 

any technical or regulatory conflicts that arise between aircraft-level and equipment-

level certification requirements (EASA, 2020a). 

The international nature of commercial aircraft certification requires aircraft 

manufacturers to navigate harmonization differences between FAA and EASA 

requirements, coordinate certification activities across multiple jurisdictions, and 

ensure that DVDR integration approaches satisfy regulatory requirements in all 

intended markets while maintaining consistency with supplier TSO approval 

strategies. 
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1.6.8. Quality assurance and configuration management requirements 

 

Finally, quality assurance and configuration management requirements 

establish the organizational framework necessary to maintain certification compliance 

and system integrity throughout the DVDR development, certification, and operational 

lifecycle.  

Aircraft manufacturers must implement comprehensive quality assurance 

systems that encompass supplier oversight activities, aircraft-level integration quality 

control, and ongoing configuration management that maintain certification 

compliance throughout aircraft production and service life (SAE, 2018a). 

Consequently, the quality assurance framework requires establishment of 

supplier audit and oversight procedures that verify compliance with approved 

development processes, implementation of aircraft-level quality control procedures 

that ensure proper DVDR installation and integration, and development of 

configuration management systems that control changes to DVDR systems while 

maintaining certification compliance. 

Configuration management for DVDR systems is complex because it 

requires coordination of changes across multiple organizational boundaries while 

maintaining compliance with aircraft-level certification requirements, TSO conditions, 

and evolving airworthiness obligations over the aircraft’s operational life. 

 

1.7. CERTIFICATION PROCESS ADOPTED 

 

Based on all information described in this section, the following 

certification process from the OEM perspective was planned, based mainly on 

ARP4754A: 
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Table 1 – Phases of Development and Certification of DVDR. 
(Continue) 

Phases Title OEM Activities 
Key Documents 
Received/Revie

wed  

Main Standards 
Applied 

Phase 1 

System 
Requirem

ents & 
Planning 

a) Define 
aircraft-level 
DVDR 
requirements; 

b) Determine 
Design 
Assurance 
Level (DAL); 

c)  Supplier 
Management; 

d) Certification 
Strategy. 

a) System 
Requirement
s Document 
(SRD); 

b) Interface 
Control 
Document 
(ICD); 

c) Supplier 
Requirement
s 
Specification; 

d) Certification 
Plan. 
 

a) ARP4754A: 
Aircraft-level 
system 
development; 

b) ARP4761: 
System safety 
assessment; 

c) TSO-C197: 
Lightweight 
Flight 
Recorder 
Systems 
(reference). 

Phase 2 

Design & 
Developm

ent 
(Supplier 

Oversight) 

a) Supplier 
Oversight & 
Managemen
t; 

b) Aircraft 
Integration 
Design; 

c) System 
Architecture 
Integration. 

a) Supplier's 
Plan for 
Software 
Aspects of 
Certification 
(PSAC); 

b) Supplier's 
Plan for 
Hardware 
Aspects of 
Certification 
(PHAC); 

c) Hardware/So
ftware 
interface 
specification; 

d) Supplier test 
plans and 
procedures. 

a) DO-178C: 
Review of 
supplier's 
software 
development; 

b) DO-254: 
Review of 
supplier's 
hardware 
development; 

c) DO-160G: 
Environmenta
l 
requirements 
specification. 
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Table 2 – Phases of Development and Certification of DVDR. 

(Continue) 

  d)  e)  d)  

Phase 3 
Integration 
& Testing 

a) Aircraft-Level 
Integration 
Testing; 

b) Environment
al Testing 
Oversight; 

c) System-
Level 
Testing. 

a)  Review 
supplier test 
reports and 
compliance 
matrices; 

b) Conduct 
aircraft-level 
integration 
tests; 

c) Perform 
ground and 
flight test 
validation; 

d) Document 
any non-
conformance
s and 
resolutions. 
 

a) DO-160G: 
Environmenta
l testing 
validation; 

b) ARP4754A: 
System 
integration 
testing; 

c) Aircraft-
specific test 
standards 
and 
procedures. 

Phase 4 
Verificatio

n & 
Validation 

a) Requirement
s Verification; 

b) System 
Validation; 

c) Compliance 
Demonstratio
n. 

a) Verification 
and 
Validation 
Report; 

b) Compliance 
Matrix 
(requirement
s to 
evidence); 

c) System 
Safety 
Assessment 
Report; 

d) Aircraft-level 
test reports; 

a) ARP4754A: 
System 
validation 
requirements; 

b) ARP4761: 
Safety 
assessment 
validation; 

c) TSO-C197: 
Compliance 
demonstratio
n. 

  a)   a)  
  a)  a)   
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Table 3 – Phases of Development and Certification of DVDR. 

(Conclusion) 

Phase 5 
Certificatio
n Activities 

b) Authority 
Coordination; 

c) Certification 
Package 
Management
; 

d) Authority 
Interactions. 

a) Type 
Certificate 
Data Sheet 
(TCDS) 
update; 

b) Aircraft Flight 
Manual 
supplement; 

c) Service 
bulletins and 
documentatio
n; 

d) Certification 
basis and 
compliance 
documents. 
 

b) All previous 
standards for 
compliance 
demonstratio
n; 

c) Regulatory 
certification 
requirements 
(FAR 25, CS-
25). 

P
Phase 6 

Production 
& Support 

b) Production 
Integration; 

c) Service and 
Support; 

d) Continued 
Airworthiness
. 

b) Production 
procedures 
and quality 
plans; 

c) Maintenance 
manuals and 
procedures; 

d) Service 
bulletin and 
alert service 
bulletin 
procedures; 

e) Continued 
airworthiness 
monitoring 
reports. 

N/A. 

Source: Elaborated by the author (2025). 
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2. STUDY-CASE: DVDR CERTIFICATION 

 

2.1. PHASE 1: SYSTEM REQUIREMENTS & PLANNING 

 

The System Requirements and Planning phase represents the 

foundational stage of DVDR integration from the perspective of aircraft manufacturer. 

According to the aerospace industry best practices outlined in ARP4754A, this phase 

establishes the technical, regulatory and organizational framework that will guide the 

entire certification process. The primary objective is to translate aircraft-level 

operational needs into comprehensive technical requirements while simultaneously 

establishing the certification strategy and supplier management framework. 

This phase is particularly critical because decisions made during this stage 

will significantly impact timeline, cost, and technical feasibility throughout the program 

lifecycle. Furthermore, the complexity of modern avionics systems requires a 

systematic approach to requirements management, as emphasized by the IEEE 

29148 standard, which provides guidelines for effective requirements engineering in 

complex systems. 

This phase encompasses multiple interconnected activities that must be 

coordinated across various engineering disciplines. These activities range from 

regulatory analysis and safety assessment to supplier specification development and 

interface definition. Each activity contributes to building a comprehensive foundation 

that ensures the DVDR integration meets all safety, performance, and regulatory 

requirements while maintaining cost-effectiveness and schedule adherence. 

Figure 5 – ARP 4754 System Development Process. 

 

Source: Moir, I; Seabridge, A (2018). 
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2.1.1. Aircraft-level requirements derivation 

 

Aircraft-level requirements derivation is fundamentally aimed at translating 

aircraft operational requirements and regulatory requirements systematically into 

comprehensive technical specifications that guide DVDR system development and 

integration. The process involves mission profile analysis, operational environments, 

and aircraft system architecture constraints in order to arrive at system-level 

requirements that facilitate certification targets. 

The requirements derivation process begins with thorough study of flight 

operation conditions and mission profiles, considering parameters such as flight 

duration, operating conditions, crew procedures, and maintenance tasks. Regulative 

requirements must be derived into clear technical specifications that must be 

realizable and testable. For instance, regulative requirements of minimum recording 

time specified in FAR 25.1457 and FAR 25.1459 must be derived into clear storage 

capacity and data handling requirements for the DVDR system. 

Definition of performance parameters encompasses recording time, 

acquisition data rate, storage capacity, and recovery of data. Physical constraints 

such as weight, size, and power consumption limits must also be considered, as 

these directly impact aircraft performance and fuel economy (Collinson, 2011). 

Engineering techniques applied during derivation of aircraft-level 

requirements are (Jackson, 2015): 

a) Requirements engineering processes as per IEEE 29148 that provide standard 

methods toward obtaining, analyzing, and documenting requirements; 

b) Functional analysis and decomposition techniques that break down complex 

operational requirements into technical specifications that are manageable;  

c) Trade-off analysis techniques for comparing competing requirements and 

selecting the optimal requirement sets; 

d) Preparation of requirements traceability matrix so that all derived requirements 

are traceable back to their source to facilitate verification and validation activities 

in subsequent phases. 

Systems Engineers lead the aircraft-level requirements derivation effort in 

close coordination with Flight Test Engineers who establish operational and 

performance requirements from aircraft mission profiles. Integration Engineers 
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establish interface and installation requirements to correctly integrate systems, while 

Certification Engineers ensure regulatory compliance in requirements definition and 

traceability. 

The aircraft-level requirements derivation produces a variety of major 

documents that underpin all related developmental work: 

a) System Requirements Document (SRD) is the top-level document that defines all 

aircraft-level DVDR integration requirements (SAE, 2010); 

b) Aircraft Integration Requirements Specification has detailed technical 

specifications of physical installation requirements and system interfaces (SAE, 

2010). 

The aircraft manufacturer requests suppliers to demonstrate 

understanding of aircraft-level demands through detailed requirements analysis and 

compliance matrices clarifying how each specified requirement is addressed by 

supplier designs. Requirements traceability documentation illustrating how their 

system design and architecture methodology provide aircraft-level operational 

specifications and regulatory compliance objectives has also to be provided by 

suppliers (Jackson, 2015). 

 

2.1.2. Regulatory requirements analysis 

 

The principal purpose of regulatory requirement analysis is to develop a 

comprehensive picture of all applicable regulatory compliance obligations as the 

foundation of the certification approach. The analysis ensures that the DVDR system 

meets regulatory needs during its entire life and provides clear guidance for design 

and development activities. 

The regulatory framework analysis encompasses different jurisdictions like 

and standards governing DVDR operation and implementation. FAR 25.1457 and CS 

25.1457 provide generic requirements for flight recorders on large transport aircraft, 

and ICAO Annex 6 stipulates international operational standards and flight recorder 

specifications. The TSO-C197 provides Technical Standard Order requirements for 

Lightweight Flight Recorder Systems that dictate minimum requirements, and 

EUROCAE ED-112A/RTCA DO-317B provides minimum operational performance 

standards to be achieved for certification compliance. 
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The regulatory analysis process involves comprehensive examination and 

interpretation of regulatory text relative to the specific aircraft and DVDR system 

configuration. Gap analysis between existing regulations and current aircraft 

capabilities identify those areas requiring design modification or equipment 

installations. Certification approach development establishes the method to show 

compliance with each applicable regulatory requirement. 

Engineering techniques applied during analysis of regulatory requirements 

are (Jackson, 2015): 

a) Regulation interpretation methods that offer proper interpretation and use of 

regulation requirements; 

b) Gap analysis methods that close the gap between current capabilities and 

regulation requirements; 

c) Compliance planning methods that produce structured means of demonstrating 

regulation compliance; 

d) Requirements decomposition methods that break high-level regulation 

requirements into technology and procedure requirements. 

Certification Engineers lead the analysis activities of regulatory 

requirements and are in close coordination with Systems Engineers to push 

regulatory requirements to technical specifications and design constraints. Flight 

Operations Engineers analyze the operational impact of regulatory requirements on 

aircraft operations and crew procedures, while Legal and Regulatory Affairs 

Specialists provide necessary support for regulatory interpretation and strategy 

development for compliance. 

The analysis of regulatory requirements produces several key documents 

that determine the regulatory environment for certification work: 

a) Regulatory Requirements Analysis Report provides in-depth analysis of 

applicable regulatory requirements and their interpretation within the context of 

the provided DVDR implementation (De Florio, 2006); 

b) Certification Basis Document specifies the regulatory setting and compliance 

strategy to be applied to all the following certification work, as set out by FAA 

Order 8110.4C. 

The aircraft manufacturer anticipates that suppliers will be able to produce 

proof of comprehensive understanding of regulatory requirements and how they 

affect system design and development. This includes regulatory conformity reports 
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that demonstrate compliance of each supplier design with applicable regulatory 

standards, certification planning support that aligns supplier development processes 

with aircraft manufacturer certification strategy, and regulatory coordination support 

for interaction with certification authorities on compliance methods and interpretation 

(Jackson, 2015). 

 

2.1.3. Safety assessment methodology 

 

The principal role of safety assessment technique is to ascertain the 

Design Assurance Level (DAL) and ensure that DVDR integration would not 

compromise aircraft safety through systematic hazard identification and risk analysis. 

The process is informed by procedures outlined in ARP4761, providing strict 

guidance to perform safety assessment processes within civil aviation. 

The safety assessment process begins with aircraft-level Functional 

Hazard Assessment (FHA), which officially determines hazards of DVDR integration 

and potential influence on aircraft operations. The assessment considers normal 

operating conditions and potential failure modes that could occur due to DVDR 

integration. Then, Preliminary System Safety Assessment (PSSA) takes detailed 

analysis of the planned system architecture and determines ways in which failures 

could cause functional hazards that FHA detects (SAE, 2019). 

The DVDR Design Assurance Level (DAL) assessment typically results in 

DAL-C or DAL-D classification, depending on the specific aircraft application and 

outcome of safety analysis. The classification directly influences development 

standards and verification requirements for hardware and software elements with 

reference to DO-178C and DO-254 standards. 

Engineering methods employed while carrying out safety assessment are 

(Rausand; Haugen, 2020): 

a) Fault Tree Analysis (FTA) techniques which provide systematic analysis of failure 

conditions and their impact; 

b) Failure Modes and Effects Analysis (FMEA) techniques which identify potential 

failure modes and quantify their impact on system safety; 

c) Event Tree Analysis techniques which examine the sequence of failure events 

and their potential impact; 

d) Monte Carlo simulation for probabilistic risk assessment which provide 
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quantitative analysis of safety hazards. 

Safety Engineers lead the safety assessment methodology activity, in 

conjunction with Systems Engineers to understand system architecture and operating 

conditions. Design Engineers provide technical feedback on system design and 

failure modes, while Operations Engineers identify operational impact of hazards and 

help create operational procedures and constraints. 

The safety assessment methodology provides a series of critical 

documents that establish the safety context for system development (SAE, 2019): 

a) Functional Hazard Assessment (FHA) Report carries out systematic hazard 

identification and analysis related to DVDR integration, according to ARP4761; 

b) Preliminary System Safety Assessment (PSSA) Report documents detailed 

analysis of system architecture safety features and failure effects, as noted in 

ARP4761; 

c) Safety Requirements Specification documents safety requirements and 

constraints that govern all the subsequent design and development steps, 

following industry certification requirements (Jackson, 2015). 

The company requests suppliers to conduct comprehensive safety 

analyses that are in support of airplane-level safety objectives and show how their 

system design addresses specified safety requirements. It includes supplier safety 

analysis reports showing compliance with specified DAL requirements, hazard 

mitigation designs that show safety risks in terms of design features and operating 

practices, and verification planning for safety that determines approaches for 

demonstrating compliance with safety throughout development and testing (Jackson, 

2015). 

 

2.1.4. Hazard identification and risk assessment 

 

The purpose of hazard identification and risk assessment is primarily to 

provide detailed analysis of certain risks associated with DVDR integration in such a 

manner that all possible hazards are identified and mitigation processes are set in 

motion prior to them being able to impact aircraft safety or certification progress. This 

systematic process draws upon the safety assessment methodology for the 

mitigation of some of the implementation hazards. 
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The process of risk identification considers a number of groups of potential 

hazards that may arise during integration and operation of DVDR. Installation-related 

hazards include structural integrity aspects, fire protection requirements, and possible 

influence on aircraft crashworthiness. Electrical system integration hazards include 

failure of power supply, electromagnetic interference issues, and potential impacts on 

aircraft electrical system performance. Integration risks of data systems comprise risk 

of data corruption, system interference problems, and impacts on avionics system 

performance of aircraft. Maintenance and serviceability risks encompass accessibility 

needs, safety procedure problems, and potential failure as a result of maintenance. 

The risk analysis procedure uses quantitative as well as qualitative means 

of hazard assessment. Probability evaluation is carried out using past data, 

engineering calculations, and expert judgment to establish likelihood of occurrence 

for each specified hazard. Severity classification is performed on the basis of the 

operational consequence using established criteria of ARP4761, having in mind the 

consequences on aircraft safety, mission capability, and crew workload. 

The engineering techniques that are used in the process of hazard 

identification and risk analysis are (Rausand; Haugen, 2020): 

a) HAZOP (Hazard and Operability Study) techniques providing systematic 

approaches to hazard identification; 

b) What-If analysis techniques examining potential failure modes and effects; 

c) Quantitative risk assessment techniques providing numerical estimation of risk 

magnitude and acceptability; 

d) Decision tree analysis techniques for evaluating the options for mitigation and 

their efficacy; 

e) Cost-benefit analysis techniques for mitigation options for risks to ensure that 

resources are effectively allocated to address the most significant risks. 

Safety Engineers lead the risk assessment and hazard identification 

activities, closely cooperating with Design Engineers, who provide technical input on 

system design and potential mitigation options. Operations Engineers examine 

operational effect and support procedural considerations and operating restrictions 

development, while Maintenance Engineers examine maintenance-related hazards 

and support maintenance procedure and safety requirements development. 

The hazard identification and risk assessment leads to several important 

reports that guide risk management and mitigation activities (SAE, 2019): 
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a) Hazard Identification and Risk Assessment Report submits detailed analysis of 

hazards identified, their probable consequences, and recommended mitigation 

measures; 

b) Risk Mitigation Plan formulates specific actions and design requirements for 

mitigating identified risks to acceptable levels; 

c) Risk Management Matrix provides systematic tracking of identified risks, their 

mitigation status, and residual risk levels throughout the program lifecycle. 

The plane manufacturer gets its suppliers to conduct rigorous hazard 

identification and risk assessment activity that addresses supplier-specific risks and 

integration risks. This includes supplier risk assessment reports that capture potential 

risks in supplier development and production activities, mitigation strategy planning 

that outlines how identified risks will be mitigated with design characteristics and 

processes, and risk monitoring and reporting processes that provide real-time 

visibility to risk status during the program (De Florio, 2006). 

 

2.1.5. Certification planning and milestone definition 

 

The overall objective of certification planning and milestone definition is to 

develop a well-defined certification plan that serves as the strategic road map to 

obtain regulatory approval, in addition to managing resources, timeline, and technical 

risks efficiently. With planning, the foundation for orchestrating all certification activity 

and stakeholder involvement throughout the program life cycle is established. 

The planning for certification phase considers various strategic elements 

influencing program success. The choice between the path of TSO compliance, 

which offers pre-established standards, tried procedures, and established supplier 

bases, and novel certification routes imparts critical impact on timeline and resource 

requirements. 

Milestone definition and timeline creation must take into account authority 

coordination requirements, potential regulatory evolution, and supplier development 

work dependencies. Resource planning entails internal team organization as well as 

external supplier coordination requirements, including engineering resource 

allocation, test facility, and certification authority coordination. 

Certification strategy development must consider the DVDR integration 

complexity within the comprehensive aircraft certification program. Coordination with 
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ongoing aircraft development activities ensures coordination of DVDR certification 

milestones with the aircraft certification timeline. 

Authority engagement planning establishes appropriate communication 

and coordination mechanisms with certification authorities to handle technical and 

regulatory issues in a timely fashion. 

The engineering methods employed at certification planning are (Rausand; 

Haugen, 2020): 

a) Project management practices adhering to PMI standards that involve the 

guidelines for developing realistic schedules and resource plans; 

b) Critical path method analysis procedures that identify schedule dependency 

and likely bottlenecks; 

c) Monte Carlo scheduling analysis practices that provide probabilistic timetable 

estimates taking into account program uncertainties; 

d) Risk-based planning processes that involve risk assessment results in 

schedule and resource planning. 

Program Managers direct certification planning and milestone definition 

activities, working with Certification Engineers in developing technical certification 

strategy and directing authority interface activities. Systems Engineers provide 

technical input to planning activities and milestone definition, while Quality Assurance 

Engineers establish quality control procedures that will propel the certification 

process and ensure compliance with established standards. 

The definition of milestone and planning for certification creates several 

important documents that guide program implementation and coordination between 

stakeholders (FAA, 2021b): 

a) Certification Plan is the main document defining certification strategy, 

schedule, responsibility, and coordination process, as recommended in FAA Order 

8110.4C; 

b) Program Schedule provides milestone tracking in detail with dependency and 

critical path identification, as per good project management practices; 

c) Risk Management Plan documents program risks and mitigation strategies 

using accepted aerospace industry standards. 

The airplane manufacturer requires the suppliers to synchronize their 

development and certification activities with the manufacturer aircraft certification 

schedule and plan. This includes supplier certification planning that considers 
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synchronization with airplane manufacturer milestones and objectives, coordination 

processes that establish recurrent communication and progress reporting aircraft 

manufacturer to supplier team, and contingency planning that addresses potential 

schedule risk and mitigation actions in order to maintain program schedule integrity. 

(De Florio, 2006) 

 

2.1.6. Supplier technical requirements specification development 

 

The primary role of supplier technical requirements specification 

development is to translate aircraft-level requirements into precise technical 

specifications in order to enable suppliers to define all technical, quality, and 

certification requirements while maintaining appropriate design freedom for 

innovative solutions. The process enables more comprehensive requirements 

understanding without over-specifying, which could limit supplier design optimization. 

The specification development process commences with decomposition of 

structured requirements and allocation to the deliverables of the suppliers. The 

aircraft-level requirements must be decomposed into specific technical requirements 

that can be implemented and tested by the suppliers. 

Interface development for specification includes all aircraft system 

interfaces, including data buses, power systems, and physical interfaces for proper 

system integration. Performance specifications must include testable or analyzable 

acceptance criteria, as well as sufficient design margins to permit supplier 

implementation flexibility. 

Quality and certification requirements specification specifically defines 

development requirements to be used by suppliers (DO-178C software development 

requirements and DO-254 hardware development requirements must be expressed 

explicitly in conjunction with associated Design Assurance Level requirements 

defined during the safety assessment phase). Verification and validation 

requirements must define testing and analysis activities to be done by suppliers to 

ensure compliance with specifications (RTCA, 2021; RTCA, 2020). 

The engineering techniques applied to the supplier technical requirements 

specification development process are (IEEE, 2018): 

a) Requirements engineering techniques that ensure comprehensive coverage and 

clear-cut specification of technical requirements; 
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b) Interface management techniques that specify formal means for identifying and 

controlling system interfaces; 

c) Specification verification techniques that ensure completeness, consistency, and 

verifiability of requirements; 

d) Trade-off analysis techniques addressing the balance between requirement 

specification detail and supplier design flexibility. 

Supplier technical requirements specifications are the responsibility of 

Systems Engineers, in collaboration with Integration Engineers to identify interface 

and installation requirements that allow systems integration correctly. Certification 

Engineers set certification and conformity requirements in accordance with aircraft 

certification strategy and Procurement Engineers establish contractual and 

commercial terms of supplier relationship and coordinate technical and commercial 

requirements. 

The supplier technical requirements specification development produces 

some significant documents that provide the foundation for supplier development 

activities (SAE, 2010): 

a) Supplier Requirements Specification provides detailed technical requirements, 

performance specifications, and quality requirements for supplier development 

activities; 

b) Interface Control Document (ICD) provides detailed specifications for all system 

interfaces; 

c) Statement of Work (SOW) specifies contractual requirements, deliverables, and 

coordination procedures per standard aerospace procurement practices 

The aerospace manufacturer requires suppliers to demonstrate thorough 

understanding of technical requirements and submit development plans that outline 

how they will meet all specified requirements. These include supplier compliance 

matrices that demonstrate traceability from specifications to supplier design strategy, 

development planning documents that show how supplier development activities will 

meet all technical and certification requirements, and quality planning documents that 

stipulate supplier quality control measures and compliance with specified standards 

of development (SAE, 2010). 

 

2.1.7. Interface requirements definition 
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Interface requirements definition is chiefly focused on creating 

comprehensive specifications for all interfaces between the DVDR system and the 

existing aircraft systems so that compatibility, performance, and safety requirements 

are met with minimal interference with existing aircraft systems. This becomes 

particularly complex in advanced aircraft with integrated avionics architectures in 

which interface specifications must be coordinated with great care. 

Interface requirements encompass a number of technical areas that must 

be addressed systematically. Data interfaces shall have to include communications 

protocols specification like ARINC 429 (ARINC, 2019), AFDX, Ethernet, and serial 

communication as well as data format specifications, timing requirements, and error 

correction processes. Power interfaces shall have to specify primary and emergency 

power supply connections with sufficient redundancy and protection requirements to 

enable proper system functioning under all flight operating modes. Physical 

interfaces address growing needs, thermal requirements, accessibility constraints, 

and servicing issues that impact both installation feasibility and support life cycle 

performance. 

Environmental interfaces need to consider temperature ranges, vibration 

levels, and electromagnetic compatibility requirements in accordance with DO-160G 

(RTCA, 2018b), such that interface specifications meet the aircraft operation 

environment. Human-machine interfaces concentrate on crew procedures, 

maintenance interfaces, and ground support equipment requirements affecting 

operational efficiency, safety, and effectiveness in maintenance during the system 

lifetime. 

Engineering techniques employed during interface requirements definition 

are (Jackson, 2015): 

a) Systems engineering interface management procedures assuring complete 

coverage and sufficient documentation of all the interface requirements; 

b) Methods of compatibility analysis and evaluation that identify potential 

incompatibilities or performance issues prior to impacting integration activities; 

c) Impact analysis procedures analyzing effects of interface requirements on 

installed aircraft systems and operations; 

d) Interface verification planning techniques that ascertain methods for verifying 

interface compliance and performance. 
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Integration Engineers align the interface requirements definition activity 

with Systems Engineers' system architecture analysis and compatibility assessment. 

Electrical Engineers define electrical and power interface specifications for 

guaranteed electrical integration, and Software Engineers define data communication 

interfaces and protocol specifications. Environmental Engineers provide 

environmental interface requirements definition and environment compatibility with 

aircraft environmental conditions. 

The definition of the interface requirements produces some of the most 

important documents that guide system verification and integration activities (SAE, 

2010): 

a) Interface Requirements Document provides thorough specification of all system 

interfaces, technical requirements, performance specifications, as well as 

verification criteria; 

b) Interface Control Document (ICD) establishes specific interface specifications 

between DVDR and aircraft systems in terms of electrical, mechanical, and 

functional specifications; 

c) Interface Verification Plan lays down test and analysis activities to establish 

evidence for interface compliance and performance. 

The aircraft manufacturer requests the detailed interface specifications 

from its suppliers that demonstrate compatibility with aircraft systems and compliance 

with interface requirements. Such as supplier interface documentation establishing 

DVDR interface features and functionality, compatibility analysis demonstrating 

correct operation of interfaces with aircraft systems, and interface test procedures 

demonstrating interface performance and compliance with specifications are involved 

(SAE, 2010). 

 

2.1.8. Test planning and verification strategy 

 

The primary purpose of test planning and verification strategy creation is to 

enact an overall approach for demonstrating compliance with all requirements and 

optimizing test effectiveness and program risk reduction through planning and 

coordination. The strategy forms the foundation for all verification and validation 

activity that takes place during the program life cycle. 
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The verification strategy involves some of the verification techniques 

specified in ARP4754A. These methods include testing, analysis, inspection, and 

demonstration, each selected based on the nature of the requirement and the most 

appropriate way of verifying. Test environment definition must consider facility 

requirements, availability of equipment, and coordination with supplier test operations 

to provide a proper coverage without repetition of effort. Test sequence optimization 

must take into consideration carefully dependencies, resource utilization, and 

treatment of risk to maximize efficiency while providing enough verification coverage. 

Acceptance criteria definition must define objective, pass/fail acceptance 

criteria that are measurable and test conditions and facilities consistent. Authority 

witness test requirements must be planned early to ensure regulatory compliance 

and facilitate timely approval. Verification planning must also define coordination of 

aircraft manufacturer test activities with supplier verification activities to ensure valid 

system validation. 

The engineering techniques employed during test planning and building 

the verification strategy are (Jackson, 2015): 

a) Verification and validation techniques providing systematic means of planning 

verification; 

b) Requirements traceability management techniques that document and verify 

each requirement; 

c) Statistical test planning techniques that help in determining appropriate sample 

sizes and test coverage; 

d) Test environment design techniques that may include simulation techniques for 

difficult-to-repeat situations that cannot easily be replicated in the laboratory. 

e) Risk-based testing approaches that place testing activity scheduling in 

conformity with risk assessment outcome and requirements criticality. 

Test planning and verification strategy formulation is led by Verification 

Engineers, supported by Test Engineers to develop detailed test procedures and test 

requirements. Technical inputs to verification method selection and requirements 

analysis are provided by Systems Engineers, while Quality Assurance Engineers 

establish verification quality control procedures and ensure compliance with 

applicable standards and regulations. 
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The verification and validation strategy development and test planning 

creates several important documents which are the foundation of all the verification 

and validation work (SAE, 2010; IEEE, 2018): 

a) Verification and Validation Plan gives comprehensive strategy and procedure to 

prove compliance to all the requirements; 

b) Test Planning Document gives detailed procedure and requirement of testing 

activity, according to industry practice of testing; 

c) Requirements Traceability Matrix ensures that there is correct verification and 

tracing back to the source of all requirements, as required in systems engineering 

standards. 

The aircraft company requires suppliers to develop verification plans that 

are consistent with aircraft company verification strategy and provide comprehensive 

coverage of supplier requirements. This includes supplier verification planning 

documentation that describes how supplier test activity will verify compliance with 

each requirement stated, coordination procedures establishing interfaces between 

supplier and aircraft company verification activities, and verification reporting 

procedures providing visibility into supplier verification progress and results 

throughout the development program (De Florio, 2006). 

 

2.2. PHASE 2: DESIGN & DEVELOPMENT 

 

Design and Development is the technically most demanding phase of 

DVDR integration from the aircraft manufacturer's perspective. During this phase, the 

initial requirements and planning established in Phase 1 are translated into system 

architecture, detailed engineering designs, and implementation specifications that will 

guide the physical integration of the DVDR system within the aircraft. This phase is 

characterized by tight integration between the aircraft company and the DVDR 

provider and must deal with technical interfaces, design decisions, and certification 

activities across organizational boundaries. 

According to ARP4754A practice, this phase involves the structured 

development of system architecture, detailed design requirements, and verification 

plans to ensure that the integrated DVDR system fulfills all safety, performance, and 

regulatory needs and is compatible with current aircraft systems. 



44 

The phase is structured around three top-level aircraft manufacturer 

activities: aircraft integration design, system architecture integration, and supplier 

management and oversight. The interdependencies among the activities necessitate 

close communication and coordination to ensure that design decisions in one of the 

areas do not impact the other areas of integration. 

 

2.2.1. System architecture design and safety analysis 

 

The overall objective of system architecture design is to develop the top-

level system configuration that determines how the DVDR interfaces with aircraft 

systems, allocates functions between hardware and software components, and 

guarantees the safety requirements to be met through architectural solutions. This 

entails thorough analysis of aircraft system characteristics, determination of 

integration points, and development of architectural solutions that optimize 

performance and constrain complexity and certification risk. 

The System Architecture design and safety assessment require a variety 

of specialized engineering approaches to be utilized (Seabridge; Moir, 2020): 

a) Safety analysis techniques, including updated Functional Hazard Assessment 

(FHA) and Preliminary System Safety Assessment (PSSA) techniques from 

ARP4761, ensure architectural choices align with safety goals and certification 

targets; 

b) Trade-off analysis techniques supports the evaluation of different architectural 

patterns, considering performance, cost, schedule, and certification complexity; 

c) Architecture evaluation techniques provide structured methods to critically 

evaluate architectural alternatives against established criteria and requirements; 

d) Configuration management techniques guarantee architectural choices are 

properly documented and maintained throughout development. 

Systems Architects lead the system architecture design process and 

interact with Safety Engineers in close collaboration to guarantee that architectural 

decisions support safety objectives and certification requirements. Integration 

Engineers provide useful feedback on aircraft system interfaces and compatibility 

requirements, while Software Engineers help in specifying software architecture and 

partitioning decisions. Further, Hardware Engineers help with hardware architecture 

and interface description development (Jackson, 2015). 



45 

The task of system architecture design produces several important 

documents that specify the technical foundation for subsequent development 

activities: 

a) The System Architecture Document includes detailed system architecture 

description as a whole, such as functional allocation, interface definition, and 

design rationale (SAE, 2010); 

b) The Updated Safety Assessment Report incorporates architectural concerns into 

safety evaluation, reflecting revised hazard analysis and risk assessment 

according to the designed system architecture (SAE, 2019); 

c) The Interface Definition Document prescribes strict technical requirements for all 

system interfaces, e.g., electrical, mechanical, and functional requirements (SAE, 

2010). 

The aviation sector requires suppliers to provide comprehensive 

documentation of system architecture that shows adherence to requirements and 

standards laid down. This includes supplier architecture documentation that shows 

how the DVDR system architecture proves compliance with aircraft-level 

requirements, interface specifications showing technical requirements for 

connections among aircraft systems, and safety analysis documentation showing 

how a supplier's architecture is in line with safety requirements and hazard mitigation 

(EASA, 2020a). 

Coordination with certification bodies could be required to ensure the 

system architecture presented for acceptance is suitable on a basis of certification, 

particularly where the architecture incorporates novel approaches or deviations from 

common practice Authority coordination may include architectural review meetings, 

technical liaison concerning compliance approaches, and preliminary acceptance of 

architectural ideas that will shape subsequent certification action (EASA, 2020a). 

 

2.2.2. Hardware/software partitioning and allocation decisions 

 

The primary and initial purpose of hardware/software partitioning is to 

establish clear hardware and software implementation boundaries with the guarantee 

that functional targets are met and certification objectives are reached. This entails a 

detailed examination of processing needs, real-time requirements, and safety factors 
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to determine what to implement in hardware and what in software, and how these two 

components should interact to achieve system objectives. 

Hardware and software partitioning applies a variety of specialized 

engineering techniques (Seabridge; Moir, 2020; SAE, 2019): 

a) Functional decomposition techniques to create systematic approaches for system 

function determination and analysis, and their requirements; 

b) Performance analysis methods supply comparison of processing needs, timing 

needs, and usage of resources for partitioning alternatives; 

c) Cost-benefit analysis techniques allow comparison of partitioning alternatives 

based on development cost, certification cost, and lifecycle support requirements 

d) Partitioning decision-making is facilitated by real-time performance requirements 

and time constraints by real-time systems analysis techniques; 

e) Safety analysis techniques analyze the impact of partitioning decisions on system 

safety and certification issues; 

f) Requirements traceability analysis preserves correct traceability of system 

requirements to implementation strategies. 

Systems Engineers lead the hardware/software partitioning activities, 

working closely with Software Engineers to evaluate software implementation 

alternatives and Hardware Engineers to evaluate hardware implementation 

alternatives. Safety Engineers provide input on safety considerations of partitioning 

choices and Certification Engineers evaluate certification effect of different 

partitioning approaches. 

Hardware and Software partioning and requirements allocation activities 

produce some major documents for the development process: 

a) Hardware/Software Partitioning Document includes detailed analysis of 

partitioning options, including technical rationale, trade-off analysis, and 

implementation; 

b) Function Allocation Matrix explicitly allocates system functions to hardware or 

software implementation with traceability for verification; 

c) Interface Specifications Document describes technical details for 

hardware/software interfaces, including data format, timing, and error handling 

approaches. 

Further, the aviation manufacturer also expects its suppliers to provide 

detailed documentation of their hardware/software partitioning approach, including 
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technical justification of the partitioning rationale, proof that partitioning enables 

safety and performance needs, and detailed hardware/software interface 

specifications. Suppliers should also provide compliance documentation showing 

how their partitioning technique enables DO-178C and DO-254 certification needs. 

Certification authorities may be necessitated to be coordinated with when 

partitioning choices are complicated by safety considerations or introduce new 

methods whose specific approval is needed. Coordination can comprise checking of 

partitioning reasons, assessment of safety effects, and compliance methods approval 

for hardware and software components (De Florio, 2006). 

 

2.2.3. Design integration of aircraft electrical system 

 

The overall purpose of electrical system integration design is to 

accommodate DVDR electrical requirements in an appropriate way within the aircraft 

electrical system and guarantee system safety, reliability, and electromagnetic 

compatibility. Electrical system integration design involves thorough examination of 

power requirements, grounding systems, cable routing, and electromagnetic 

surroundings to design integration solutions that meet all technical and safety 

requirements. 

Electrical system integration design applies various specialist engineering 

techniques (Seabridge; Moir, 2020): 

a) Electrical load analysis to verify that DVDR power requirements can be met 

within aircraft electrical system capacity and that power quality requirements are 

fulfilled; 

b) Electromagnetic compatibility analysis to assess potential sources of interference 

and create mitigation methods to allow proper system operation; 

c) Grounding system analysis to verify that DVDR grounding requirements are 

compatible with aircraft grounding architecture and safety requirements; 

d) Cable routing analysis and optimization techniques allow for creation of cable 

routing solutions with minimal electromagnetic interference and that meet 

installation and maintenance requirements; 

e) Power quality analysis techniques are employed to ensure that DVDR power 

supply requirements are met in all operational modes of an aircraft, including 

emergency power scenarios; 
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f) Circuit protection analysis ensures that required over current protection and fault 

isolation capabilities are provided for DVDR electrical systems. 

Electrical Engineers coordinate the electrical system integration design 

work along with EMC Engineers to ensure electromagnetic compatibility needs and 

Power Systems Engineers to evaluate power supply and distribution requirements. 

And Installation Engineers to provide data on cable installation and routing 

constraints, while Safety Engineers review electrical safety aspects and needs. 

The electrical integration design yields a number of critical documents that 

guide installation and certification work (Jackson, 2015): 

a) Electrical Integration Design Document contains detailed electrical design 

specifications including power supply specifications, grounding requirement, and 

electromagnetic compatibility solutions; 

b) Cable Routing and Installation Drawing contains detailed cable routing, connector 

locations, and installation requirements; 

c) EMC Compliance Analysis Report contains electromagnetic compatibility 

analysis and demonstrates compliance with applicable EMC requirements as 

described in DO-160G. 

The plane manufacturer requires its suppliers to provide comprehensive 

electrical specifications that state DVDR power requirements like voltage, current, 

and power quality specifications, grounding specifications and electromagnetic 

compatibility attributes, and electrical interface specifications stating connector types, 

pin assignments, and signal attributes (Jackson, 2015). 

The manufacturer may also require electromagnetic compatibility test data 

demonstrating DVDR compliance with DO-160G EMC standards, power consumption 

analysis utilized in support of aircraft electrical load analysis, and electrical safety 

analysis demonstrating compliance with the relevant electrical safety standards. 

 

2.2.4. Data bus interface design 

 

The primary purpose of data bus interface design is to enable robust, high-

speed data communications between the DVDR system and aircraft sources of data 

and to interface with existing aircraft communication architectures and protocols. 

Data bus interface design employs a range of specialized communication 

system engineering methods: 
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a) Data bus performance, bandwidth usage, and timing behaviors under various 

operating modes are analyzed using network analysis and modeling techniques; 

b) Protocol analysis techniques ensure that interface designs properly implement 

communication protocols and maintain data integrity; 

c) Real-time system analysis techniques ensure that data transfer requirements and 

timing constraints are met under all operating conditions; 

d) Data flow analysis techniques enable data source, data rate, and data 

management requirement analysis to optimally design interface performance; 

e) Network simulation techniques allow interface designs to be tested under varying 

operating conditions before physical implementation 

f) Verification techniques of communication systems provide systematic methods 

for interface performance verification and specification adherence. 

Data bus interface development is managed by Communication Systems 

Engineers working in close association with Software Engineers to develop protocol 

implementations and Network Engineers for network architecture and performance 

requirements. Systems Engineers play their part in areas of aircraft system interfaces 

and data requirements, while Integration Engineers address physical installation and 

interface requirements. 

The data bus interface structure produces several substantial documents 

that guide implementation and verification activity (Seabridge; Moir, 2020): 

a) The Data Bus Interface Specification includes comprehensive technical 

specification of all the data bus interfaces, including protocol requirements, data 

formats, and timing specifications; 

b) The Network Architecture Document includes the global network architecture, 

including data routing, network management, and performance characteristics; 

c) Interface Control Document (ICD) defines detailed interface specifications 

between the DVDR and aircraft systems encompassing electrical, mechanical, 

and functional requirements (SAE, 2010). 

The supplier is required by the aircraft manufacturer to provide detailed 

interface specifications that describe DVDR data bus capabilities including supported 

protocols, data rates, and interface features, network performance specifications that 

demonstrate compliance with aircraft network specifications, and protocol compliance 

documents that demonstrate compliance with applicable communication standards 

like ARINC 429 and AFDX specifications (ARINC, 2019). 
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The manufacturer will also require interface test procedures and test 

results demonstrating correct interface operation, network simulation test results to 

validate interface operation in varying operating conditions, and compliance 

documentation demonstrating conformity to the applicable communication system 

requirements and standards. 

 

2.2.5. Installation design and structural modification requirements 

 

The primary objective of installation design is to produce well-integrated 

installation solutions that are capable of offering satisfactory DVDR mounting, 

maintenance accessibility, and crash survivability at low cost in terms of affecting 

aircraft structure and other systems. 

Installation design applies a range of specialized structural and 

mechanical engineering techniques (Spitzer, 2007): 

a) Structural analysis techniques ensure the installation designs do not compromise 

aircraft structural strength and mounting structures are able to accommodate 

operational and crash loads; 

b) Finite Element Analysis (FEA) provides detailed structural stresses and deflection 

analysis for various loading conditions; 

c) Crash analysis techniques examine installation designs under crash situations to 

check that the crash survivability specifications are met; 

d) Accessibility analysis techniques check that installation designs provide adequate 

access for maintenance, inspection, and emergency data retrieval activities; 

e) Environmental analysis techniques examine installation locations for 

temperature, vibration, and other environmental factors which can influence 

DVDR performance; 

f) Installation optimization techniques allow for the development of installation 

solutions that minimize weight, cost, and certification burdens without any 

sacrifice in requirements. 

Installation Engineers lead the installation design effort with the assistance 

of Installation Engineers to develop practical installation solutions and Mechanical 

Engineers to address mounting and mechanical interface requirements. Safety 

Engineers provide comments regarding crash survivability and safety requirements, 
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with Maintenance Engineers determining accessibility and maintenance 

requirements. 

The installation design produces different key documents supporting 

installation and certification activities (SAE, 2020). 

a) The Installation Design Document provides total installation specifications, 

including mounting requirements, structural modifications, and installation 

procedures; 

b) The Structural Modification Engineering Order documents any structural 

modifications required and provides engineering analysis in support of the 

modifications; 

c) The Installation Drawing Package provides complete installation drawings, 

including assembly drawings, installation procedures, and quality control 

requirements. 

The aircraft manufacturer requests suppliers to provide detailed installation 

specifications that describe DVDR physical attributes like dimensions, weight, 

mounting, and environmental specifications, installation requirements that describe 

mounting interface attributes and procedures, and structural load specifications that 

describe aircraft structure loads imposed during operation and crash conditions 

(Spitzer, 2007). 

The producer can also require environmental specifications which define 

requirements for operating environment for the place of installation, requirements for 

maintenance access that allow access for adequate maintenance and inspection 

operations, and crash survivability specifications which define requirements for crash 

survival and data recovery. 

 

2.2.6. Crash survivability design considerations and trade-offs 

 

The primary role of crash survivability design is to enable the DVDR 

system to protect recorded data from harsh crash environments in a way that 

enhances realistic installation and maintenance characteristics. This work 

encompasses extensive research into crash scenarios, examination of relevant 

standards of crash survivability, including those outlined in TSO-C197 and DO-317, 

protection requirements, and design trade-offs to develop solutions that achieve 

maximum crash survivability within realistic constraints. 
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Crash survivability design consists of various sophisticated engineering 

techniques (Seabridge; Moir, 2020): 

a) Crash dynamics analysis techniques evaluate crash modes and loading 

conditions that the DVDR system must survive; 

b) Structural protection analysis techniques evaluate performance of protection 

systems for various crash modes; 

c) Trade-off analysis techniques aid evaluation of alternative protection solutions in 

terms of performance, weight, cost, and certification requirements; 

d) Finite Element Analysis (FEA) techniques carry out detailed evaluation of crash 

protection system performance under extreme loading conditions; 

e) Environmental testing techniques evaluate protection system performance under 

combined crash conditions like impact, fire, and immersion environments; 

f) Optimization techniques aid protection solution creation in realizing maximum 

performance with minimal weight and cost impact. 

Safety Engineers lead the crash survivability design activity, working 

closely with Structures Engineers to develop crash protection solutions and Test 

Engineers to develop crash testing regimes. Materials Engineers provide advice on 

protection materials and design practices, and Certification Engineers check crash 

survivability designs against regulation. 

The crash survivability design leads to a number of important documents 

that guide implementation and certification activities (SAE, 2010): 

a) The Crash Survivability Analysis Report provides comprehensive analysis of 

crash protection requirements and design options; 

b) The Crash Testing Plan lays down testing procedures for proving crash 

survivability compliance; 

c) The Protection System Design Document dictates explicit design requirements 

for crash protection systems and installation procedures. 

The airplane manufacturer prescribes to suppliers explicit crash 

survivability specifications that define DVDR crash protection capabilities and 

certification compliance, crash test procedures and results demonstrating compliance 

with applicable crash survivability standards, and protection system specifications 

defining installation and maintenance requirements for crash protection systems. 

The manufacturer also may make design analysis records evidencing 

crash protection system performance, environmental testing results demonstrating 



53 

protection system performance under combined environmental conditions, and 

records of compliance certification demonstrating compliance with applicable crash 

survivability standards and requirements. 

 

2.2.7. Built-in test equipment (bite) design and implementation 

 

The primary purpose of BITE design is to provide extensive system health 

monitoring and fault detection capabilities that support flight operations and 

maintenance operations with minimum possible false alarms and maintenance 

workload. The process involves thorough examination of failure modes, monitoring 

requirements, and maintenance procedures to develop BITE solutions with maximum 

system reliability and maintainability (Jackson, 2015). 

BITE design employs various sophisticated engineering techniques: 

a) Failure Modes and Effects Analysis (FMEA) techniques identify potential failure 

modes and their effect to ascertain requisite monitoring and test needs; 

b) Test coverage analysis techniques ensure that BITE functions provide adequate 

detection of main failure modes; 

c) Fault detection and isolation analysis provides fault identification procedures and 

system fault isolation to enable efficient maintenance activities; 

d) Reliability analysis techniques evaluate BITE system capability and effectiveness 

under various operating conditions; 

e) Human factors analysis techniques help ensure that BITE interfaces and 

procedures are developed for useful use by maintenance staff; 

f) Cost-benefit analysis considers cost of development, maintenance benefits, and 

operational effects in evaluating BITE implementation options. 

Test Engineers drive the design of BITE, working with Software Engineers 

in developing BITE software implementations and Hardware Engineers to develop 

BITE hardware interfaces. Maintenance Engineers provide feedback on maintenance 

procedures and requirements, and Reliability Engineers examine BITE effectiveness 

and system reliability ramifications. 

The design of BITE produces a range of key documents that guide 

implementation and maintenance efforts (Jackson, 2015): 

a) BITE Design Specification contains detailed requirements for the BITE system, 

including monitoring aspects, test procedures, and maintenance interfaces; 
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b) BITE Software Requirements Document contains software requirements for BITE 

implementation, including fault detection routines and user interface; 

c) Maintenance Procedures Document contains procedures for using BITE features 

during maintenance and troubleshooting activities. 

The suppliers are required by the aircraft manufacturer to provide detailed 

BITE specifications describing BITE capabilities, including fault detection coverage, 

test procedures, and maintenance interfaces, BITE software documentation 

describing fault detection algorithms and user interface requirements, and 

maintenance interface specifications describing procedures for accessing and using 

BITE capabilities. 

The manufacturer may also require BITE test procedures and validation 

reports that guarantee BITE effectiveness and reliability, maintenance training 

material to guarantee efficient use of BITE features, and compliance documents 

demonstrating that BITE implementation meets applicable standards and regulations. 

 

2.2.8. Design reviews and milestone gate criteria 

 

The principal purpose of milestone gates and design reviews is to provide 

systematic evaluation of technical quality, progress in design, and compliance with 

requirements with the possibility of good decision-making on program continuation 

and utilization of resources. This involves establishment of review criteria, 

coordination process, and decision processes for the aim of efficient administration of 

the program as well as technical tracking. 

Design review procedures employ various established program 

management and engineering methods (Spitzer, 2007): 

a) Technical review procedures provide disciplined methods for evaluating design 

quality, completeness, and requirement conformance; 

b) Risk analysis methods identify and evaluate technical and programmatic risks 

that can impact design development or program success; 

c) Decision analysis methods support systematic evaluation of design options and 

program continuation alternatives; 

d) Requirements verification methods verify that design development has sufficient 

traceability to requirements and that all requirements are addressed 

e) Methods for design change management ensure that changes to the design are 
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properly controlled and recorded; 

f) Program management methods provide form for monitoring progress, resource 

management, and coordination of stakeholder activity. 

Milestone gate and design review activities are led by Program Managers, 

working in close conjunction with Systems Engineers to evaluate technical progress 

and quality, Design Engineers to approve design development and conformity, and 

Quality Assurance Engineers to ensure that review process and quality criteria are 

properly deployed. 

The design review process produces several important documents aiding 

program management and decision-making: 

a) The Design Review Report provides comprehensive assessment of the design 

progress, quality, and compliance to requirements; 

b) The Milestone Gate Assessment Report evaluates program progress against 

specified criteria and provides recommendations for the program to proceed; 

c) The Action Item and Risk Register documents achieved issues, action items, and 

risks that require management attention and closure. 

The supplier is required by the airframe manufacturer to undertake design 

review activities and provide documents and technical support required for reviewing 

activity, including design documents showing progress and adherence to 

requirements, technical presentation of design practice and rationales, and 

compliance matrices that show traceability between requirements and design 

fulfillment (De Florio, 2006). 

The vendor may also be required to conduct their own design review 

procedures within that are in compliance with aircraft manufacturing standards and 

specifications, provide regular progress reports to allow milestone gate evaluation, 

and participate in integrated design reviews which address aircraft-level integration 

requirements and issues. 

 

2.3. PHASE 3: INTEGRATION AND TESTING 

 

The Integration and Testing stage is a critical stage of the DVDR 

certification process where abstract conceptualizations and specifications developed 

in previous stages are translated into real implementations and verified through 

rigorous testing regimes. For the OEM, this stage involves high-intensity coordination 
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of internal engineering departments, external suppliers, and certification agencies to 

ensure that the integrated DVDR system meets all technical, safety, and regulatory 

requirements. 

This step, as per ARP4754A standards, involves systematic verification of 

system integration, performance requirements validation, and compliance with 

applicable standards demonstration via robust testing procedures. The nature of this 

step is such that it involves not only the validation of individual system components 

but also their interaction as part of the overall aircraft system architecture, 

necessitating advanced test environments and techniques that can properly reflect 

operating conditions. 

The phase is structured with four key aircraft manufacturer tasks: 

laboratory integration test, aircraft-level integration test, environmental qualification 

test coordination, and flight test validation. Each task leverages the previous effort 

while adding up to end-to-end validation of DVDR system integration and 

performance. The interdependencies among the tasks require correct scheduling, 

resource coordination, and risk management to attain closure within program 

constraints. 

 

2.3.1. Laboratory integration testing procedures and facilities 

 

The primary purpose of laboratory integration testing is to certify DVDR 

system and integration interface performance in a simulated environment before 

installing it in the production aircraft. This approach enables integration issues to be 

resolved early and program risk reduced with fewer costly modifications further into 

the certification process. 

Integration testing in laboratory involves distinct test equipment and 

facilities designed to mimic aircraft flight environments and system interfaces. The 

testing environment must accurately simulate aircraft electrical systems, data bus 

networks, environmental conditions, and operational scenarios the DVDR will be 

exposed to in service. 

Considerations in test facility design are power supply simulation capability 

duplicating electrical aircraft characteristics, data bus simulation laboratories that 

display realistic data sources from aircraft systems, environmental chambers with the 

ability to simulate operational temperature, humidity and pressure conditions, and 
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electromagnetic compatibility test laboratories which will ensure proper system 

operation in the aircraft electromagnetic environment (RTCA, 2018b). 

The engineering techniques employed in lab testing are a number of 

specialized techniques: 

a) System integration test techniques provide systematic approaches for checking 

interface functionality and compatibility between the DVDR and the emulated 

aircraft systems (Kossiakoff, 2011); 

b) Test automation techniques enable efficient execution of redundant test 

processes without compromising stable test conditions and results; 

c) Data validation and analysis methods enable verification that collected data 

conforms to system requirements quality and accuracy standards established in 

system requirements (IEEE, 2018); 

d) Statistical analysis methods for test analysis help determine suitable sample 

sizes and confidence levels in test results, and test environment validation 

techniques for guaranteeing the laboratory environments accurately represent 

operational environments. 

Test Engineers conduct laboratory integration testing coordination, with 

Systems Engineers in developing test procedures and ensuring system functionality. 

Integration Engineers provide valuable input regarding aircraft system interfaces and 

compatibility requirements, while Software Engineers support software interfaces and 

data processing algorithm testing. Further, Hardware Engineers support electrical 

interfaces testing and hardware compatibility and Quality Assurance Engineers 

ensure that testing procedures meet quality standards and requirements. 

The laboratory integration test activity produces several important 

documents that serve as the foundation of subsequent test levels (SAE, 2010): 

a) Laboratory Test Plan includes comprehensive procedures for all laboratory 

testing efforts, including test objectives, procedures, acceptance criteria, and 

resource needs; 

b) Integration Test Procedures Document outlines comprehensive step-by-step 

procedures to perform integration tests, including setup needs, test sequences, 

and data collection strategies; 

c) Laboratory Test Report summarizes test results, analysis, and conclusions, 

illustrating system integration validation and detection of any issue that must be 

solved. 
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The airframe manufacturer anticipates that the suppliers will provide 

comprehensive support for laboratory test operations, for example, test equipment 

and fixtures that offer effective DVDR testing in the laboratory environment, technical 

support personnel who can assist with test setup, execution, and troubleshooting, 

and comprehensive test procedures that outline supplier-recommended test 

procedures and acceptance levels. Suppliers should also provide system 

documentation that enables test planning and execution, for instance, interface 

specifications, operating manuals, and troubleshooting guidelines (De Florio, 2006). 

Coordination with certification organizations is also required to ensure 

laboratory test methodology and test results will be acceptable for certification. 

Coordination entails reviewing test plans and processes to ensure complete 

coverage of certification requirements, witnessing key tests that show compliance 

with major requirements, and reviewing test results to provide preliminary feedback 

on certification acceptability (SAE, 2010). 

 

2.3.2. Aircraft-level integration testing methodology 

 

The primary purpose of aircraft-level integration testing is to validate 

DVDR system performance and operation in actual aircraft environments in a way 

that laboratory test results directly translate to actual operating conditions. The 

integration subtleties that cannot be fully replicated in laboratory testing, i.e., aircraft 

system interactions, installation effects, and operational scenarios, are addressed 

during this stage of testing. 

Aircraft-level integration testing methodology includes several advanced 

methods employed to validate different aspects of system integration because 

functional integration testing validates all DVDR functionalities to function as 

anticipated when interfaced with actual aircraft systems, e.g., data recording, system 

monitoring, and maintenance interfaces. 

Furthermore, performance integration testing verifies that the system 

performance based on specifications functions under actual aircraft operating 

conditions, including power consumption, data processing rate, and storage capacity 

utilization. And finally, interface integration testing verifies all electrical, mechanical, 

and software interfaces between the DVDR and aircraft systems operate in 

accordance with different operational conditions (SAE, 2010). 
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The engineering techniques applied for aircraft-level testing include 

extensive system testing techniques that provide systematic approaches for 

validating integrated system performance (Kossiakoff, 2011): 

a) Aircraft system simulation techniques can be required to create special 

test conditions or failure modes to validate system response; 

b) Real-time testing techniques validate system performance to timing 

specifications in operational conditions, whilst operational scenario testing validates 

system performance in various flight conditions and operational procedures 

c) Validation and data analysis techniques prove recorded data quality and 

accuracy for testing purposes; 

d) Troubleshooting techniques provide structured solutions for finding 

integration problems and solving them. 

Integration Engineers are involved in aircraft-level integration testing and 

interact with Flight Test Engineers to develop test procedures reflecting operational 

conditions and Test Engineers to execute comprehensive test programs within the 

lab. Systems Engineers provide technical assistance with test planning and results 

analysis, and Electrical Engineers provide assistance with electrical interface and 

power system integration testing. Maintenance Engineers provide assistance with 

testing of maintenance interfaces and procedures to validate that integration 

facilitates efficient maintenance activities. 

The aircraft-level integration testing produces a number of important 

documents that demonstrate system integration verification and requirements 

compliance (SAE, 2010): 

a) Aircraft Integration Test Plan defines extensive procedures for each 

aircraft-level testing activity, such as objectives, procedures, safety requirements, 

and coordination procedures; 

b) Integration Test Results Report documents test execution, outcomes, 

and analysis, demonstrating evidence of effective system integration and 

performance verification 

c) Integration Issue Resolution Report keeps a record of integration issues 

that are identified in testing and fixed, allowing traceability for certifying bodies as well 

as quality assurance. 

The aircraft manufacturer requires significant coordination with suppliers 

during aircraft-level testing to allow effective test execution and fault finding. This 
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includes technical support for test runs, including supplier engineers who are on hand 

to provide technical expertise and support during test activities, test equipment and 

tools that may be required for system testing and fault diagnosis, and rapid issue 

resolution support to manage any problems encountered when testing. The suppliers 

should also provide updated documentation according to test results, for example, 

operational procedures, maintenance requirements, or system requirements updates 

caused by integration testing. 

 

2.3.3. Environmental qualification testing coordination with suppliers 

 

The primary objective of environmental qualification testing coordination is 

that DVDR systems should be successful under the given environment envelope with 

data integrity and crash survivability requirements. Coordination involves supplier test 

activity management, test result verification, and environmental qualification evidence 

inclusion in the overall certification package. 

Environmental qualification testing includes testing of system performance 

in operational and survival environmental conditions specified in DO-160G. 

Temperature cycling that verifies system operation within the specified temperature 

range, humidity testing that verifies proper function in moisture conditions, vibration 

testing that verifies system integrity under aircraft operating vibration levels, and 

electromagnetic compatibility testing verifying system operation within the aircraft 

electromagnetic environment are also included in operational environmental testing. 

Environmental testing for crash survivability includes impact testing that 

demonstrates crash survivability under specified impact conditions, fire testing that 

ensures system survival and data integrity through fires, and immersion testing that 

ensures data recoverability following water immersion conditions (FAA, 2021d). 

The engineering practices applied during the course of environmental 

qualification testing coordination are: 

a) Test planning and coordination methods that ensure adequate coverage of 

environmental requirements (RTCA, 2020); 

b) Test witness and validation procedures provide formal ways of checking test 

procedures and outcomes from suppliers; 

c) Statistical test analysis procedures enable testing of test results and checking for 

specifications compliance; 
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d) Environmental test data correlation and analysis procedures help to determine 

any performance issues or degradation under use conditions; 

e) Test facility qualification procedures help to have the testing done in facilities 

adequate for the task with equipment adequately calibrated. 

Environmental Test Engineers coordinate the environmental qualification 

testing activities and closely coordinate with Supplier Quality Engineers to manage 

testing operations at suppliers as well as ensure testing procedures. Test Engineers 

technically support test planning and test result verification, and Materials Engineers 

also provide information about material performance when subjected to 

environmental conditions. 

Moreover, Safety Engineers examine crash survival testing data and test 

for survivability requirements compliance, and Certification Engineers coordinate with 

authorities on environmental qualification proof and demonstration of compliance. 

The coordination of environmental qualification testing produces several 

key documents that support certification activities (RTCA, 2020): 

a) Environmental Test Coordination Plan defines procedures for supplier 

management, test witnessing, and validation of results; 

b) Environmental Qualification Test Report includes comprehensive records of all 

test activities on the environment, test results, and compliance demonstration; 

c) Environmental Test Witness Report documents the aircraft manufacturers' 

involvement in suppliers' test activities and test procedures and results 

verification. 

The aircraft manufacturer requires complete assistance from the suppliers 

in environmental qualification tests in order to obtain correct performance and valid 

results. This includes comprehensive test planning documentation which outlines test 

procedures, facilities, equipment, and acceptance criteria, test execution support that 

provides access to testing activity and technical personnel for coordination and 

administration, and controlled test reporting which documents test procedures, 

results, analysis, and demonstration of compliance. Suppliers must also provide test 

facility qualification documentation which confirms the adequacy of test facilities and 

equipment to carry out environmental qualification testing. 

Coordination with the certifying bodies is required while performing 

environmental qualification testing in order to ensure that test strategy and results 

adhere to relevant regulations. Coordination may include review of the test plan to 
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ensure comprehensive coverage of the environmental conditions, witnessing of 

significant tests that verify compliance with key environmental standards, and 

inspection of test results to ensure compliance demonstration and acceptability for 

certification. 

 

2.3.4. EMI/EMC testing 

 

The primary objective of EMI/EMC testing is to ensure that the DVDR 

system operates properly within the electromagnetic environment of the aircraft 

without causing interference to other aircraft systems. Testing is critical to ensuring 

compatibility and safety of the system in the sophisticated electromagnetic 

environment of modern aircraft. 

EMI/EMC test procedures follow the extensive requirements established in 

DO-160G (RTCA, 2020), which specifies test procedures for electromagnetic 

compatibility in airborne equipment. The testing consists of susceptibility testing, 

which verifies that the DVDR operates properly when subjected to electromagnetic 

interference generated by other aircraft systems and external sources, and emissions 

testing, which verifies that the DVDR will not generate electromagnetic interference 

that can affect other aircraft systems. Furthermore, lightning effects testing verifies 

system survival and continued operation after lightning strikes, and electrostatic 

discharge testing verifies operation properly after being exposed to static electricity. 

The engineering techniques applied in EMI/EMC tests are: 

a) Electromagnetic field analysis techniques to predict system performance in 

electromagnetic environments and direct test planning (RTCA, 2020); 

b) EMC test planning techniques provide systematic means to develop 

comprehensive test programs to test all pertinent electromagnetic environments; 

c) Electromagnetic measurement techniques for quantitative evaluation of 

electromagnetic emissions and susceptibility levels; 

d) Statistical analysis techniques aid the assessment of test results and 

determination of compliance; 

e) EMC design analysis techniques aid in the identification of likely electromagnetic 

compatibility issues and guide design modifications where required. 

f) EMC Engineers drive EMI/EMC testing activities, working with Electrical 

Engineers to solve electrical design challenges and Test Engineers to execute 
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sound test plans. 

RF Engineers provide technical knowledge on electromagnetic effects and 

measurement techniques, while Systems Engineers help in EMC requirement 

integration with system requirements as a whole. And Installation Engineers help with 

installation effects on electromagnetic compatibility, like cable routing and grounding 

affecting EMC performance. 

The EMI/EMC testing provides several important documents 

demonstrating electromagnetic compatibility and supporting certification procedures 

(RTCA, 2020): 

a) EMC Test Plan provides specific procedures for every electromagnetic 

compatibility test, such as objectives for testing, procedures, facilities, and 

acceptance criteria; 

b) EMC Test Report documents test performance, results, and analysis, providing 

evidence of electromagnetic compatibility compliance; 

c) EMC Compliance Analysis Report provides in-depth analysis of test results and 

demonstrates compliance with applicable electromagnetic compatibility 

requirements and standards. 

The aircraft manufacturer requires significant supplier support in EMI/EMC 

testing to ensure effective test performance and credible results. This includes EMC 

design materials that provide system electromagnetic design features and expected 

performance. Suppliers are also obligated to provide EMC installation manuals which 

include installation specifications necessary to maintain electromagnetic compatibility 

in the aircraft environment. Suppliers are also obliged to provide technical personnel 

and equipment to be able to support test planning, test execution and fault solving 

(Jackson, 2015). 

 

2.3.5. Flight testing planning and execution for DVDR validation 

 

The primary objective of flight test validation is to validate DVDR system 

performance and operation under actual flight conditions, culminating in validating 

that the system meets all operational conditions and functions reliably within the 

intended operational environment. Flight testing represents the pinnacle of validation 

activity demonstrating laboratory and ground testing under actual field conditions. 
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Flight test planning process involves extensive creation of test procedures 

to validate all important system functions and performance features are verified under 

actual flight conditions. 

Test planning must consider operational scenario generation in a manner 

representative of representative aircraft operations and mission profiles, test point 

definition that specifies flight conditions under which to test different system functions 

and performance parameters, data acquisition and analysis procedures that enable 

complete validation of system performance, and safety procedures that enable 

assurance of safe operation of flight testing activities while protecting test aircraft and 

individuals (Moir; Seabridge, 2018). 

Engineering methods applied in flight test planning and executions are: 

a) Flight test method that provides systematic approaches for developing and 

executing flight test programs (Kossiakoff, 2011); 

b) Optimization techniques for test points aid in determining best test sequences 

and flight conditions employed for system requirement verification; 

c) Real-time data analysis techniques aid in making real-time evaluations of system 

performance during flight testing; 

d) Statistical flight test analysis techniques aid in determination of system 

performance parameters and compliance to specifications 

e) Safety analysis techniques of flight testing ensure that testing does not 

compromise aircraft or crew safety. 

Flight Test Engineers guide flight test planning and conduct activities in 

conjunction with Test Pilots who execute flight test procedures and provide 

operational experience to system performance. 

Systems Engineers provide support for test planning and technical 

analysis of test results, with Data Analysis Engineers handling and analyzing flight 

test data to validate system performance. Safety Engineers are accountable for 

ensuring safe conduct of flight testing activity and conformance to safety 

requirements through every phase of the test program. 

The flight test validation produces a variety of important documents which 

provide final system performance validation and support certification activities (SAE, 

2010): 

a) Flight Test Plan establishes comprehensive procedures for all flight tests, 

including test objectives, procedures, safety requirements, and data collection 
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procedures; 

b) Flight Test Report documents test execution, test results, and analysis, with a 

report as evidence of system performance verification under actual flight 

conditions; 

c) Flight Test Data Analysis Report establishes comprehensive analysis of recorded 

data and demonstrates compliance with all performance and functionality 

requirements. 

Full support of the suppliers is required by the airframe manufacturer for 

the purpose of executing successful tests and proper interpretation of results during 

flight testing. Technical support personnel that can provide expertise in the operation 

of systems and performance analysis, equipment and instruments that can be utilized 

to facilitate flight test and data analysis, as well as problem-solving assistance to 

resolve any issues arising out of flight testing are included in the support. 

Suppliers will also be required to submit updated operating procedures 

and documentation incorporating flight test experience, including any modifications to 

maintenance procedures or operating restrictions that are discovered during testing. 

Collaboration with certification authorities during flight testing is required to 

warrant compliance of test activity and result with certification needs. The 

collaboration may include review of flight test plans to verify comprehensive coverage 

of certification needs, witnessing of critical flight tests indicating compliance with 

performance and safety requirements, also review of flight test results for certification 

acceptability and compliance (De Florio, 2006). 

 

2.3.6. Ground support equipment integration and testing 

 

The principal purpose of ground support equipment (GSE) integration and 

testing is to guarantee that all maintenance, data collection, and ground handling 

equipment are working in conjunction with the DVDR system mounted, so as to 

provide smooth and efficient maintenance operations and data management 

throughout the life of the aircraft. 

Ground support equipment integration is a number of different types of 

equipment and interfaces which must be qualified to operate effectively. Data 

retrieval equipment must interface properly with the DVDR in order to download 

stored data for analysis and regulatory purposes. 
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Maintenance test equipment must provide appropriate diagnostic and test 

functions to support troubleshooting and maintenance activities. Interfaces on ground 

handling equipment must work appropriately to allow aircraft ground operations and 

maintenance procedures. Power and environmental ground support equipment must 

properly interface to allow DVDR function in ground maintenance and test activities 

(Seabridge; Moir, 2020). 

Engineering techniques applied during GSE integration and testing are 

(Moir; Seabridge, 2018): 

a) Ground support equipment interface analysis to ensure compatibility between 

aircraft systems and GSE; 

b) Test procedure development techniques guarantee extensive testing of all GSE 

interfaces and functions; 

c) Operational scenario testing ensures GSE functionality under regular 

maintenance and ground handling conditions; 

d) GSE qualification testing techniques demonstrate that ground support equipment 

is in compliance with performance and reliability for application; 

e) Integration testing methodologies provide systematic means of ensuring GSE 

integration with aircraft systems and procedures. 

GSE Engineers direct GSE integration and testing with Collaboration of 

Maintenance Engineers to make sure GSE supports effective maintenance activities 

and Test Engineers to develop and execute GSE test procedures. Systems 

Engineers provide technical support for GSE interface requirements and compatibility 

analysis, while Quality Assurance Engineers make sure that GSE testing is governed 

by standard quality procedures and standards. 

The integration and testing of GSE provide a set of important documents 

that establish ground support equipment capabilities and procedures (Moir; 

Seabridge, 2018): 

a) GSE Integration Test Plan provides detailed procedures for the testing of all 

ground support equipment interfaces and operations; 

b) GSE Test Procedures Document provides detailed procedures for conducting 

GSE testing activities, such as setup requirements, test sequences, and 

acceptance criteria; 

c) GSE Integration Test Report documents test results and analysis as evidence of 

proper GSE integration and performance validation. 
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The aircraft company requires suppliers to provide comprehensive GSE 

support to enable effective maintenance and operational support capability. This 

includes GSE specifications and records that define equipment requirements, 

interfaces, and operating procedures, GSE training materials that enable correct use 

of ground support equipment by maintenance teams, and GSE technical support that 

provides assistance in the operation, maintenance, and solution of problems. 

Suppliers must also provide GSE qualification documents that ensure equipment 

performance and reliability for in-service use (De Florio, 2006). 

2.3.7. Data recording quality verification and parameter validation 

 

The primary motive behind data recording quality verification and 

parameter validation is that the DVDR system accurately records all such parameters 

as required with adequate quality and resolution in order to satisfy regulatory 

demands and operational purposes. It provides assurance that recorded data shall 

be useful for application in accident investigation, operational analysis, and regulatory 

compliance. 

Data quality validation of recording involves rigorous testing of recording 

accuracy, resolution, and completeness for all required parameters. 

Validation of parameter accuracy confirms that the recorded data is in 

agreement with actual aircraft system conditions and operating parameters within 

tolerances. 

Data verification of resolution confirms recorded data provides adequate 

resolution to analysis purposes and regulatory requirements. Recording verification 

confirms all required parameters are recorded continuously during flight operations 

without loss or corruption. Validation of data retrieval and analysis ensures data 

entered can be reliably retrieved and analyzed using appropriate ground-based 

analysis equipment (FAA, 2021d; EUROCAE, 2019). Engineering techniques applied 

during data recording quality check are (Modarres, 2017): 

a) Statistical analysis methods for validating data recording accuracy and precision 

through comparison with a reference source; 

b) Data quality evaluation methodologies offer formal methods for evaluating the 

integrity, completeness, and accuracy of data; 

c) Time correlation analysis techniques ensure proper synchronization among 

different parameters and sources of data, while data validation algorithms 
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guarantee properly monitoring recorded data as fulfilling requirements and 

upholding quality standards; 

d) Signal processing methods may be required to examine quality of recorded data 

and identify any recording issues or artifacts. 

Data Analysis Engineers lead the process of data recording quality 

verification, in consultation with Systems Engineers to be aware of the parameter 

requirements and validation parameters. Test Engineers support data collection and 

validation work during testing activities in test benches, while Flight Test Engineers 

provide operational expertise regarding data quality requirements and validation 

approaches. Besides, Quality Assurance Engineers ensure that data validation 

processes comply with set-down quality requirements and standards. 

The verification of data recording quality produces a set of important 

documents that prove recording performance and compliance with requirements 

(FAA, 2021d): 

a) Data Quality Verification Plan has detailed procedures for validation of data 

recording quality and parameter accuracy; 

b) Parameter Validation Test Report documents testing activities and results that 

prove parameter recording accuracy and quality; 

c) Data Recording Performance Report includes detailed analysis of the 

performance of the recording system and compliance with all the requirements of 

data quality. 

The firm is requesting complete support from suppliers in data record 

quality validation to ensure proper system performance and conformity verification. 

This includes data analysis hardware and software that enable effective 

analysis of recorded data quality and parameter accuracy, technical support for 

operations of data validation, including personnel with data analysis skill and 

recording system performance, and reference data sources with precise parameter 

values for validation and comparison. Suppliers must also offer data recording 

specifications that define expected recording performance and quality attributes for 

all the parameters that have been recorded.  

 

2.3.8. Integration issue resolution and configuration control 
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The primary role of integration issue resolution and configuration control is 

to provide controlled handling of integration issues, design modifications, and 

configuration alterations that took place during the integration and test stage with the 

guarantee that all the issues are solved properly while keeping system integrity and 

certification standards intact. 

Problem solving through integration involves systematic problem 

identification, analysis, and resolution of problems encountered during integration 

and testing activities. Issue identification and classification processes provide formal 

mechanisms for documenting and ranking integration problems by their impact on 

system performance, safety, and certification requirements. 

Root cause analysis techniques help to identify the root causes of 

integration issues to enable the development of corrective action. Impact analysis 

techniques analyze the effect of integration issues and solutions on the system 

performance, certification, and program schedule. Tracking and verification 

procedures ensure that corrective actions are properly applied and verified (SAE, 

2010). 

Engineering techniques employed while resolving integration issues and 

configuration control are: 

a) Problem-solving methods that provide disciplined ways of finding and resolving 

difficult integration problems; 

b) Configuration management procedures require that all change within the system 

is controlled, well recorded, and authorized before implementation; 

c) Change impact analysis procedures examine the impacts of intended changes on 

system performance, interfaces, and certification compliance; 

d) Verification and validation procedures make sure that solution fixes work and do 

not introduce new problems or reduce system performance. 

Configuration Management Engineers manage the configuration control 

and integration problem solving processes, in conjunction with Systems Engineers to 

research integration problems and develop effective solutions. Quality Assurance 

Engineers certify that issue resolving processes meet quality measures and changes 

are certification compliant. 

Besides, Project Engineers manage issue solving activities and manage 

the program schedule and resource influences, whereas Test Engineers help verify 

issue solutions by performing additional testing activities. 
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The integration issue solving and configuration control produce several 

important documents that guarantee traceability and documentation of integration 

activities (SAE, 2010): 

a) Integration Issue Log ensures detailed documentation of all the integration 

issues, e.g., identification, analysis, solution, and verification activities; 

b) Configuration Change Control Report tracks all system changes accumulated 

during integration and testing, including rationale, approval, and implementation; 

c) Issue Resolution Verification Report shows that issue fixes do not impair system 

performance or violate certification compliance. 

The aircraft manufacturer requires suppliers to provide comprehensive 

support for resolving integration issues to enable effective problem-solving and 

system integrity. This includes technical acumen to diagnose and correct problems, 

such as people with significant system design and operation experience, fast 

response capacity for resolving significant integration issues that have program 

schedule or safety risks, and change implementation support to enable appropriate 

integration of accepted changes. 

Suppliers must also provide impact analysis and documentation of 

changes to system design, specification, or procedures arising out of the activities of 

issue resolution. 

Coordination with certification authorities may be required for integration 

issues that affect certification compliance or require changes to the certification 

approach. The coordination may encompass notification of serious integration issues 

and their effect on certification work, analysis of proposed solutions to integration 

challenges to provide long-term certification compliance, and approval of any 

changes to system design or certification approach resulting from solving integration 

issues (De Florio, 2006). 

 

2.4. PHASE 4: VERIFICATION & VALIDATION 

 

Verification and Validation is the most important phase where the aircraft 

manufacturer demonstrates that the integrated DVDR system meets all requirements 

and functions as expected in the operational environment. According to ARP4754A, 

verification is the activity to verify that the requirements have been met, while 

validation verifies that the system meets the operational needs for which it was 



71 

developed. This phase is pivotal in the certification proof package development that 

will ensure regulatory approval and operational deployment. 

This phase carries forward all the above development work and entails 

planned implementation of verification and validation tasks to demonstrate 

compliance with aircraft-level requirements, regulatory standards, and safety goals. 

The complexity of modern DVDR systems, having to be implanted into multiple 

aircraft systems without compromising crash survivability and data integrity, requires 

rigorous verification techniques for both single component functionality and system-

level integration (Moir; Seabridge, 2018). As well, the need for flight data recording 

during accident investigation and safety analysis requires rigorous validation to 

ensure reliable operation under all operational conditions. 

The phase is used to describe a number of connected verification and 

validation activities that must be managed across different fields of engineering as 

well as between stakeholder organizations. These activities range from low-level 

requirement verification and functional testing to system-level validation and 

independent verification processes. All the activities are involved in gathering overall 

evidence that the DVDR integration meets all safety, performance, and regulatory 

requirements and demonstrates operating readiness for certification approval. 

 

2.4.1. Requirements verification matrix development and tracking 

 

The principal purpose of requirements verification matrix generation and 

upkeep is to establish systematic traceability between each listed requirement and its 

corresponding verification proof to guarantee compliance and coverage among all 

aircraft-level, regulatory, and safety requirements. Systematic traceability serves as 

the groundwork for certification proof compilation and supports regulatory review 

processes. 

The requirement verification matrix development process begins with 

rigorous requirements gathering from all sources including System Requirements 

Document (SRD), regulatory requirements, safety requirements, and supplier 

specifications. Each requirement must be assessed for determining the optimum 

verification method as per ARP4754A guidelines: test, analysis, inspection, or 

demonstration. Definition of verification criteria offers objective pass/fail criteria that 
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can be systematically verified throughout different verification activities and in 

different environments. 

Traceability setup is essential to guarantee that every requirement has its 

unique verification evidence trail, enabling both internal quality assurance and 

external regulatory inspection. The matrix must extend requirements across different 

levels, from high-level aircraft operational requirements to detailed technical 

specifications, so that no requirements gap remains that can impact certification 

approval. Progress tracking processes give visibility to verification status throughout 

the program life cycle, enabling proactive monitoring of verification work and 

identification of potential compliance issues upfront. 

The engineering techniques employed in the creation of requirements 

verification matrix are: 

a) IEEE 29148 traceability practices that provide systematic approaches to 

generating and maintaining requirements linkage across the development cycle; 

b) Configuration management techniques that synchronize requirements and 

verification data with program and requirement changes; 

c) Verification planning optimization techniques that maximize verification 

effectiveness while providing complete coverage of all requirements; 

d) Gap analysis methods that identify missing verification activities or requirements 

that may impact certification conformity. 

Systems Engineers lead the development of the requirements verification 

matrix tasks in collaboration with close consultation with Verification Engineers who 

establish verification procedures and criteria for each requirement category. 

Compliance with verification procedures and standards is maintained by Quality 

Assurance Engineers, while Certification Engineers coordinate verification actions 

with regulatory conformity objectives and certification authority requirements. 

Requirements Verification Matrix creation produces several important 

documents that provide the foundation for all the verification activity (SAE, 2010): 

a) Requirements Verification Matrix ensures complete traceability from 

requirements to verification evidence, as required by ARP4754A; 

b) Verification Status Report tracks progress of verification and highlights gaps or 

issues that need to be addressed; 

c) Requirements Compliance Report demonstrates compliance with all 

requirements imposed through systematic collection of verification evidence. 
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The airframe requires suppliers to provide in-depth verification 

documentation of requirements to establish compliance with all listed requirements 

and correlation with aircraft-level verification objectives. This comprises supplier 

verification matrices that reflect traceability from supplier requirements to verification 

evidence, verification status reporting that provides insight into supplier verification, 

and compliance documentation that shows how supplier verification activities provide 

confirmation of compliance with aircraft-level certification requirements (Jackson, 

2015). 

 

2.4.2. Testing under normal, abnormal, and emergency operating conditions 

of all modes of operation 

 

The primary objective of testing under normal, abnormal, and emergency 

operating conditions is to demonstrate that the DVDR system performs all specified 

functions under normal, abnormal, and emergency operating conditions across the 

entire operational envelope of the aircraft. It is this comprehensive testing strategy 

that ensures system reliability and safety for all anticipated operational conditions. 

The functional test phase consists of multiple operating conditions that the 

DVDR system must support during aircraft operations. Normal operations testing 

validates data recording, storage, and retrieval functions within normal aircraft 

operating modes like ground operations, taxiing, takeoff, cruising, approach, and 

landing phases. Emergency operations testing validates continued system operation 

under aircraft emergency conditions like loss of primary power, system failures, and 

emergency landing procedures as outlined in FAR 25.1457. 

Environmental tests of operation validate system operation throughout the 

entire aircraft operational envelope, i.e., altitude, temperature, humidity, and 

electromagnetic interference as specified in DO-160G. Data integrity testing validates 

data accuracy and availability under all operating conditions, as required to meet 

accident investigation criteria specified in ICAO Annex 6. Interface testing validates 

proper operation with all interfacing aircraft systems, e.g., flight management 

systems, engine monitoring systems, and cockpit voice recording systems. 

The engineering techniques employed in functional testing are (Beizer, 

1995): 

a) Test case generation techniques that ensure complete coverage of all 
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operational modes and system functions; 

b) Boundary value analysis techniques which check the system performance at the 

bounds and margins of operations; 

c) Equivalence partitioning techniques that achieve maximum test coverage without 

compromising efficient testing; 

d) State-based testing techniques which verify system behavior for various 

operational states and state transitions; 

e) Statistical testing techniques that determine confidence in system reliability and 

performance. 

Test Engineers lead the functional test exercises, coordinating with 

Systems Engineers who introduce technical know-how into system functions and 

operational requirements. Flight Test Engineers insert operational modes and 

requirements based on aircraft mission profiles, with Integration Engineers controlling 

proper coordination of DVDR testing and aircraft system operations. Quality 

Assurance Engineers oversee testing procedures and compliance with stipulated 

testing standards. 

The functional testing produces several important documents 

demonstrating system capability of operation (Spitzer, 2007): 

a) Functional Test Report provides complete documentation of functional testing 

activity and result in accordance with aerospace testing standards; 

b) Test Procedures Manual presents complete procedures of functional testing in 

any operation mode and condition; 

c) System Performance Report demonstrates system capability to meet all 

functional requirements under given operation conditions. 

The aircraft firm mandates the suppliers to conduct comprehensive 

functional testing that verifies all system operations and establishes compliance with 

functional requirements. This includes supplier functional test data proving system 

behavior under all flight modes, test coordination processes that confirm correct 

integration between supplier and aircraft company test activities, and performance 

verification data guiding aircraft-level system acceptance and certification 

requirements. 

 

2.4.3. Performance testing under normal and emergency conditions 
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The principal objective of performance testing in regular and emergency 

scenarios is to numerically demonstrate that the DVDR system meets all specified 

performance parameters and possesses acceptable functionality in cases of aircraft 

emergency scenarios when reliable data recording is most critical for accident 

investigation and safety analysis. The testing verifies system performance margins 

and operational resilience. 

Performance testing includes multiple performance parameters that must 

be qualified under varied operation conditions. Data recording performance testing 

verifies recording time, data capture rates, storage capacity utilization, and 

compression efficiency as specified in system requirements and regulatory 

requirements. Power consumption testing verifies compliance with aircraft power 

distribution requirements under normal power and emergency power setups, 

enabling system operation during the critical phases of flight when external power is 

limited or compromised. 

Response time testing validates system startup times, response to data 

acquisition, and emergency activation procedures for on-time operation of the system 

in critical situations. Data retrieval performance testing ensures availability of 

recorded data under various conditions, e.g., the post-crash environment where rapid 

access to data may be critical for investigation purposes. Environmental performance 

testing qualifies uninterrupted operation in extreme conditions as per DO-160G, 

ensuring system reliability throughout the entire aircraft operating envelope. 

Emergency scenario testing addresses specific performance requirements 

under airplane emergency conditions, i.e., continued flight with electrical system 

failure, hydraulic system emergency, and emergency landing conditions. System 

degradation testing verifies performance with component failure conditions, 

demonstrating graceful degradation and continued functionality for critical functions 

when system components fail or are inoperative. 

The engineering approaches used under performance testing are 

(Rausand; Haugen, 2020): 

a) Statistical performance analysis techniques that provide quantitative 

measurement of system performance parameters; 

b) Load testing techniques that guarantee system performance at maximum usage 

loads and stress levels (Molyneaux, 2009); 

c) Endurance testing techniques that demonstrate continued operation over 
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extended periods of time; 

d) Regression testing techniques that ensure performance stability under different 

system configurations and operating conditions; 

e) Performance modeling and simulation techniques that are capable to predict 

system behavior under conditions hard to replicate in test environments. 

Performance Engineers lead performance testing activities and work with 

Test Engineers who write and execute performance test scripts. Systems Engineers 

perform technical review of performance data and check conformance against 

system requirements, while Safety Engineers conduct performance testing under 

failure modes and confirm safety-critical performance factors. Environmental 

Engineers support performance testing under harsh environmental conditions and 

confirm environmental performance margins. 

The performance testing creates a variety of important documents 

reflecting system performance capability (Molyneaux, 2009): 

a) Performance Test Report provides complete documentation for all performance 

testing, outcomes, and compliance assessment against specified performance 

requirements; 

b) Emergency Performance Validation Report depicts system performance during 

emergency scenarios and validates sustained system operation in the event of 

critical events; 

c) Performance Compliance Matrix plots performance test outcomes against 

specified requirements and demonstrates compliance with all performance 

parameters. 

The aircraft business requires suppliers to submit detailed performance 

test documentation that is evidence of system performance capability and ensures 

compliance with all the stipulated performance standards. This consists of supplier 

performance test data showing system performance under all operating conditions, 

emergency performance validation that is evidence of continued operation under 

aircraft emergency conditions, and performance margin analysis that shows system 

capability to meet requirements with sufficient safety margins to be certified. 

 

2.4.4. Crash survivability testing coordination and witness work 
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The primary role of crash survivability testing coordination and witness 

work is to assist with compliance of the DVDR system and installation with 

crashworthiness regulatory requirements for data recovery and accident investigation 

following aircraft accidents. The testing confirms the system's survivability from crash 

impacts as well as data integrity under hostile environmental conditions that may be 

encountered during aircraft accidents. 

Coordinating crash survivability testing involves numerous stakeholder 

agencies and must be properly planned to ensure complete verification of 

crashworthiness specifications. Coordination will be required between aircraft 

manufacturers, DVDR suppliers, test organizations, and certification bodies to 

conduct tests that demonstrate compliance with TSO-C197 and related standards' 

crash survivability requirements. Test conditions must address different aircraft crash 

impact conditions in accidents, including impact acceleration, penetration resistance, 

fire exposure, and fluid immersion. 

Installation survivability testing verifies that the aircraft installation design 

meets DVDR crash survival requirements in terms of mounting, protection, and crash 

energy absorption. Witness activities verify that aircraft manufacturer representatives 

attend critical test phases and sign off on test procedures, measurement methods, 

and interpretation of results. Documentation coordination verifies that all test results, 

procedures, and evidence of compliance are properly recorded and incorporated into 

the certification evidence package. 

Data recovery testing demonstrates the ability to extract recorded data 

following crash survival testing, verifying data accessibility and integrity in post-crash 

environments. Testing must cover both underwater recovery and post-fire data 

recovery to verify complete accident investigation support capability required by 

standards. 

The engineering techniques employed while conducting crash survivability 

tests are (Abramowitz; Smith, 2009): 

a) Crash dynamics analysis techniques that predict system performance under 

crash impact conditions; 

b) Finite element techniques for crash simulation and impact analysis; 

c) Environmental test methods in accordance with DO-160G for operational 

conditions of extreme temperature, fire, and fluid exposure; 

d) Statistical analysis techniques used for test data assessment and compliance 
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checking; 

e) Failure analysis techniques that identify probable failure modes and their impact 

on crash survivability. 

Crashworthiness Engineers manage the crash survivability testing, with 

close coordination with Test Engineers who plan crash test protocols and 

communicate with testing facilities. Systems Engineers analyze crash tests and 

ensure compliance with crashworthiness, and Certification Engineers handle 

regulatory interactions concerning crash testing requirements and observe activities. 

Safety Engineers examine crash survivability performance and its impact on accident 

investigation capability. 

Crash survivability test coordination produces several important 

documents that demonstrate compliance with crashworthiness (Abramowitz; Smith, 

2009): 

a) Crash Survivability Test Report contains complete documentation for all 

processes in crash tests, procedures, outcomes, and verification of 

crashworthiness requirements compliance; 

b) Installation Crashworthiness Analysis demonstrates that aircraft installation 

design provides DVDR crash survival requirements through proper design and 

protective features 

c) Crash Survivability Compliance Matrix correlates the crash test to the regulatory 

standards and indicates compliance with every crashworthiness parameter. 

The aircraft manufacturer must obtain complete crash survivability 

documentation and support witness activities affirming compliance with 

crashworthiness. These involve supplier crash test coordination to guarantee 

effective test conduct and results documentation, witness activity support to enable 

aircraft manufacturer validation of testing procedures and results, and 

crashworthiness compliance documents that attest to system capability to sustain 

crash conditions and support accident investigation requirements. 

 

2.4.5. Software verification activities as per DO-178C requirements 

 

The primary objective of software verification activities following DO-178C 

guidelines is to demonstrate that every DVDR software element meets specified 

requirements and has been developed based on the defined Design Assurance Level 
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(DAL) to ensure software reliability and safety throughout its operational life cycle. 

The systematic verification approach follows the stringent software development 

rules defined for airborne systems. 

Software verification activities involve numerous verification objectives 

established in DO-178C for both verification of compliance to the software 

development process and verification of the software product. Requirements-based 

testing verifies that software correctly performs all requirements specified, while 

structural coverage testing confirms that software code has been exercised 

adequately during the testing process. Software configuration management 

verification confirms that proper version control, change management, and 

configuration identification processes have been employed during the development. 

The verification activities must address the specific DAL category that 

resulted from safety analysis, the requirements of DAL-C or DAL-D in the majority of 

instances being applicable to DVDR systems. Higher demanding DAL categories 

require more advanced verification activities, including additional structural coverage 

requirements and more vigorous testing practices. Software quality assurance 

verification gives a guarantee that proper quality control procedures were followed 

throughout the development of software and that all software development standards 

have been consistently adhered to. 

Interface verification validates proper software integration into hardware 

units and aircraft systems, maintaining consistency of data and adherence to 

protocols. Software safety verification addresses software effects on system safety 

objectives and demonstrates that software design aspects ensure stipulated safety 

requirements and hazard mitigation strategies. 

Finally, engineering practices employed in software verification include: 

a) Requirements-based testing techniques providing complete coverage for all 

software requirements (RTCA, 2021); 

b) Structural coverage analysis techniques like statement coverage, branch 

coverage, and path coverage as described in DO-178C; 

c) Software inspection techniques providing systematic examination of software 

design, code, and documentation; 

d) Configuration management verification techniques ensuring efficient software 

version control and change management; 

e) Software quality assurance techniques checking adherence to software 



80 

development processes and standards. 

Software Engineers manage the software verification task, closely 

coordinating with Verification Engineers who establish verification processes and 

procedures for software components. Quality Assurance Engineers verify 

conformance with DO-178C [11] requirements and processes, while Systems 

Engineers provide integration context and verify software interface requirements. 

Safety Engineers check software contributions toward system safety and verify 

software safety verification tasks. 

Software verification activities produce several essential documents 

demonstrating software adherence to DO-178C requirements (RTCA, 2021): 

a) Software Verification Results Report includes thorough documentation of 

software verification activity and outcomes; 

b) Software Configuration Index provides accurate software configuration 

management and version control during development; 

c) Software Quality Assurance Report assures adherence to software development 

processes and quality control procedures. 

The aircraft manufacturer requires the suppliers to provide a total software 

verification documentation that validates total compliance with DO-178C (RTCA, 

2021) requirements and aids in aircraft-level certification objectives. This includes 

supplier software verification reports showing compliance with all relevant DO-178C 

requirements, software configuration management documentation that validates 

correct version control and change management processes, and software quality 

assurance evidence confirming compliance with established software development 

standards and processes. 

 

2.4.6. Hardware verification activities in terms of DO-254 requirements 

 

The primary purpose of hardware verification activities in terms of DO-254 

requirements is to demonstrate that all the DVDR hardware components meet stated 

requirements and have been designed in accordance with established hardware 

design assurance standards, which ensures hardware reliability and safety during the 

operational life cycle. This verification approach addresses the complex electronic 

hardware components accountable for DVDR function and data integrity. 
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Hardware verification activities involve a number of verification objectives 

specified in DO-254 that encompass both hardware development process 

compliance and hardware product validation. Requirements verification verifies 

whether hardware design fulfills all the defined functional and performance 

requirements correctly, and design verification verifies whether the hardware 

architecture and detailed design comply with specified design criteria and constraints. 

Implementation verification verifies if hardware implementation as produced conforms 

to the verified design and meets all specified parameters. 

The verification tasks must address the intended DAL classification 

appropriate to DVDR hardware components, with appropriate verification effort based 

on safety criticality. Hardware configuration management verification ensures that 

sound version control, change management, and configuration identification 

processes have been implemented throughout hardware development. Verification of 

hardware quality assurance ensures that quality control procedures, as defined, were 

consistently applied during hardware development and manufacturing. 

Environmental verification validates performance and reliability of 

hardware under flight operational environmental conditions specified in DO-160G, 

with sustained operation within the operational envelope of the aircraft. Hardware 

safety verification addresses hardware contributions to system safety objectives and 

validates that hardware design attributes meet identified safety requirements and 

hazard mitigation methods. 

Methods of engineering utilized during hardware verification are (IEEE, 

2012): 

a) Hardware design verification techniques like design reviews, analysis, and testing 

(RTCA, 2020); 

b) Environmental test techniques that verify hardware operation within operating 

conditions; 

c) Hardware configuration management techniques that establish proper version 

control and change management throughout development; 

d) Hardware quality assurance techniques that verify compliance with hardware 

development procedures and standards; 

e) Reliability test and analysis techniques that demonstrate hardware reliability and 

mean time between failure behaviors. 
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Hardware Engineers are accountable for hardware verification and also 

work in close collaboration with Verification Engineers who design hardware 

verification procedures and acceptance standards. Test Engineers develop and 

execute hardware test procedures over environmental and operating conditions, 

while Quality Assurance Engineers ensure DO-254 processes and requirements 

compliance. Environmental Engineers help in hardware environmental testing and 

certify performance in hard operational conditions (RTCA, 2020). 

The hardware verification activities produce some important reports that 

confirm hardware compliance with DO-254 standards: 

a) Hardware Verification Results Report provides detailed documentation of all 

hardware verification effort and results, as required by DO-254; 

b) Hardware Configuration Management Report provides proper control of the 

hardware configuration and versioning during development; 

c) Hardware Environmental Test Report demonstrates hardware performance under 

flight operational environmental conditions as specified by DO-160G (RTCA, 

2018b). 

The aircraft manufacturer requires suppliers to provide end-to-end 

hardware verification documentation that provides complete evidence of full DO-254 

(RTCA, 2020) compliance and facilitating aircraft-level certification objectives. This 

includes supplier hardware verification reports that present evidence of compliance 

with all applicable DO-254 requirements, hardware configuration management 

documents that establish effective version control and change management 

procedures, and hardware environmental test data that establishes performance 

under airplane operating conditions. 

 

2.4.7. System-level validation testing and acceptance criteria 

 

The main goal of system-level validation testing and acceptance criteria is 

to demonstrate that the complete DVDR system, with all hardware and software 

components integrated in the aircraft environment, meets operational requirements 

and performs as anticipated under actual operational conditions. This validation 

approach guarantees that integration of the system has been successful and that the 

system is now prepared for operation deployment. 
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System-level validation testing requires comprehensive testing of the 

complete DVDR system within the aircraft environment, including all system 

interfaces, modes of operation, and performance characteristics. End-to-end 

validation testing depicts overall system functionality from data acquisition to storage, 

retrieval, and analysis with data integrity and availability throughout the operational 

life cycle. Integration validation ensures proper operation with all interfaced aircraft 

systems and confirms interface performance in operating conditions (SAE, 2010). 

Operational scenario validation testing verifies operational scenarios in 

real-world operating environments and demonstrates system performance under 

actual aircraft operation. This encompasses ground operations validation, flight 

operations validation, and emergency procedures validation demonstrating unbroken 

system operation under all anticipated operational scenarios. Environmental 

validation testing confirms system operation under real-world aircraft environmental 

conditions such as temperature variations, vibration, and electromagnetic 

interference encountered during operational use. 

Acceptance criteria definition develops objective, measurable criteria that 

clearly define successful system validation and operating readiness. Such standards 

must address both functional performance and operational specifications with clear 

pass/fail determination in validation work. Acceptance criteria must be aligned with 

certifying authorities to ensure compatibility with regulatory requirement and 

certification standards. 

The engineering techniques applied in the case of system-level validation 

testing are (Rausand; Haugen, 2020): 

a) System integration testing procedures that verify complete system performance 

and functionality (Kossiakoff, 2011); 

b) Operational testing procedures that verify system performance under actual 

operational operation; 

c) End-to-end testing procedures that verify complete system functionality from 

input to output; 

d) Acceptance testing procedures that provide objective evaluation of system 

readiness for operational use; 

e) Statistical validation procedures that provide assurance of system operational 

reliability and performance. 
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Integration Engineers lead system-level validation testing activities, 

working in conjunction with Test Engineers who develop and execute system-level 

test procedures. Technical evaluation of validation results and assessment of system 

requirement compliance are provided by Systems Engineers, while Flight Test 

Engineers contribute operational expertise and ensure system performance under 

flight operations. Certification Engineers ensure that validation activities advance 

certification objectives and regulations. 

System-level validation testing produces an exhaustive set of a number of 

key documents that attest system operational readiness for certification approval 

(SAE, 2010): 

a) System Validation Test Report provides complete documentation of all validation 

at system level, results, and compliance with operating requirements; 

b) Acceptance Test Report identifies system compliance with acceptance 

requirements and attests operational readiness for certification approval; 

c) System Integration Validation Report confirms proper interfaces with aircraft 

systems and attests performance of interfaces in operational conditions. 

The aircraft producer requires suppliers to offer support for system-level 

validation operations and supply documentation that confirms system operational 

capability and readiness for integration into aircraft. It requires supplier validation 

support ensuring good operation of the system during aircraft-level testing, validation 

data analysis that facilitates overall system validation evaluation, and acceptance 

criteria compliance documentation confirming system readiness for operational 

deployment and certification approval. 

 

2.4.8. Independent verification and validation (IV&V) processes 

 

The primary objective of Independent Verification and Validation (IV&V) 

processes is to provide objective, unbiased assessment of DVDR system 

conformance with requirements and readiness for operation by verification and 

validation tasks performed by personnel independent of the development team. The 

independent assessment enhances confidence in system reliability and safety and 

provides assurance additional to certification authorities and stakeholders. 

IV&V process encompasses systematic review and assessment of all 

evidence of validation and verification created during system development and 
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testing. Independent requirements verification checks all verification evidence and 

requirements to ensure completeness, consistency, and adequacy of verification 

activities. Independent design verification checks adherence of system design to 

requirements and identifies potential design problems that can influence system 

performance or safety. 

Independent testing verification audit verifies all testing activities, 

procedures, and test results to confirm testing adequacy and conformity to testing 

standards and requirements. Independent safety assessment audit verifies safety 

analysis, hazard identification, and risk assessment activities to provide impartial 

evaluation of the system safety features and conformity to safety requirements 

established during system design. 

The IV&V process should be organizationally separate from development 

work to remain objective and avoid conflicts of interest that would influence the 

quality of evaluations. IV&V personnel should have sufficient technical knowledge 

and exposure to similar systems to provide valid evaluation of system attributes and 

conformity to requirements. 

Engineering techniques applied in IV&V processes are (Godbole, 2004): 

a) Independent review techniques with systematic assessment of development 

products and evidence 

b) Standalone testing methods that verify system performance by testing activities 

independent of development team testing; 

c) Standalone safety evaluation methods that offer objective assessment of system 

safety features; 

d) Standalone configuration control audit methods that verify that proper 

configuration control has been maintained throughout development; 

e) Standalone quality assurance methods that evaluate conformance with 

development processes and standard. 

IV&V Engineers guide independent verification and validation activities, 

working separately from development team members in order to remain independent. 

Independent Safety Engineers conduct independent safety analyses and verify safety 

analysis results, and Independent Test Engineers may conduct independent testing 

activities to ensure system performance. Independent Quality Assurance Engineers 

assess compliance with development processes and standards from an independent 

perspective. 
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The IV&V processes produce several important documents with 

independent assessment of system development and validation (Godbole, 2004): 

a) Independent Verification and Validation Report provides comprehensive 

independent assessment of system development, verification, and validation 

activities and results; 

b) Independent Safety Assessment Report provides objective evaluation of system 

safety features and compliance of safety requirements; 

c) Independent Test Assessment Report verifies adequacy of test activities and 

provides independent evaluation of system performance and compliance. 

Aircraft manufacturer may require IV&V activities to provide additional 

assurance for safety-critical or sophisticated systems so that independent testing 

verifies system compliance with specifications and operational readiness. It includes 

independent verification testing providing objective review of verification activity and 

outcome, independent validation testing ensuring system operational readiness 

through independent testing, and independent certification assistance providing 

additional evidence and assurance to the certification agencies regarding compliance 

and safety aspects of the system. 

 

2.5. PHASE 5: CERTIFICATION ACTIVITIES 

 

Certification Activities phase is the final step of DVDR integration program 

by the manufacturer, wherein all the previous development, testing, and verification 

activities finally result in formal regulatory certification. According to aerospace 

certification practices in FAA Order 8110.4C, this phase translates technical 

compliance evidence into regulatory certification through systematic coordination with 

certification agencies and rigid demonstration of compliance with all applicable 

requirements. The primary objective is to obtain regulatory approval for DVDR 

integration and set the stage for production clearance and continuing airworthiness 

management. 

This phase is particularly critical as it will determine whether the 

considerable investment in verification and development procedures will result in 

operational certification. Next-generation certification procedures are intricate, and 

they also require considerable coordination involving diverse entities like certification 

bodies, vendors, and in-house teams of engineers (De Florio, 2006). Furthermore, 
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the certification procedures must also demonstrate technical compliance as well as 

operational safety and long-term airworthiness within the operational life cycle of the 

airplane. 

The stage consists of a series of interrelated activities that are required to 

be well coordinated and controlled in documentation terms. The activities are all-

inclusive and include establishment of certification processes, demonstration of 

compliance, coordination of authority, and change control process after certification. 

All these activities contribute to the development of an all-inclusive scheme for 

regulatory approval to ensure integration of DVDR satisfies all safety, performance, 

and operating requirements and establishes procedures for management of 

continuous airworthiness. 

 

2.5.1. Type certificate amendment process and documentation 

 

The primary function of Type Certificate (TC) modification process and 

documentation is to formally modify the aircraft type certificate to encompass DVDR 

integration to ensure that the modification is well documented and certified by 

certification organizations and that the integrity of the certified aircraft configuration 

remains intact. The procedure is one being employed via ordered steps per FAA 

Order 8110.4C and is the official means to incorporate system upgrades into the 

accepted aircraft design. 

The TC amendment process begins with classification of the amendment, 

which identifies whether DVDR integration is a minor or a major change in aircraft 

design. Substantial documentation and deliberation on authority are required for 

major changes, whereas minor changes require simplified procedure approvals. 

Classification impacts resources required, schedule, and complexity of coordination 

involved in the certification process (De Florio, 2006). 

Amendment documentation work consists of complete technical data 

packages that confirm conformity to all applicable certification standards. Type 

Certificate Data Sheet (TCDS) updates incorporate DVDR installations, 

specifications, and operating limitations into the certified aircraft design. Aircraft Flight 

Manual (AFM) supplements consist of operating procedures, limitations, and 

emergency procedures that flight crews are required to adhere to in order to ensure 

the safe operation of DVDR (FAA, 2020c). 
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Engineering practices applied during the process of Type Certificate 

amendment are: 

a) Configuration management practices involving proper documentation and control 

of all certificate amendments; 

b) Regulatory compliance check methods certifying compliance with all certificate 

requirements involved; 

c) Development of technical data package following aerospace documentation 

standards; 

d) Amendment effect analysis methods that identify aircraft systems and operations 

impacts of DVDR integration. 

Certification Engineers lead Type Certificate amendment process activities 

in collaboration with Technical Writers developing amendment documentation and 

ensuring compliance with regulatory format requirements. Configuration Management 

Engineers define change control procedures that maintain certificate integrity during 

amendment process, and Program Managers coordinate amendment time and 

resource planning to certification authority schedules. 

The amendment procedure of the Type Certificate produces several key 

documents that form the DVDR integration regulatory framework (De Florio, 2006): 

a) Type Certificate Data Sheet (TCDS) Amendment gives official amendment to 

aircraft certification with DVDR parameters and standards, as outlined in FAA 

Order 8110.4C (FAA, 2021b); 

b) Aircraft Flight Manual (AFM) Supplement establishes operational procedures and 

limitations of DVDR operation, according to flight manual document regulatory 

requirements; 

c) Configuration Change Documentation provides full history of all change in design 

performed by the process of modification, allowing continued airworthiness 

management. 

The aviation business requires certification bodies to provide prompt 

review and approval of amendment documents and maintain open communication in 

the event of any technical problems or other requirements. These include authority 

review coordination to ensure that amendment documents fulfill all regulations, 

facilitation of technical discussions to respond to any authority questions or inquiries 

in integrating DVDR, and approval schedules control to coordinate amendment 

approval as per program schedule requirements and manufacturing planning tasks. 
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2.5.2. Retrofit installation supplemental type certificate considerations 

 

The fundamental aim of Supplemental Type Certificate (STC) 

considerations for retrofit installations is to allow the regulatory process of installing 

DVDR systems on aircraft already in operation that were not so equipped initially and 

which satisfy existing regulatory requirements without affecting aircraft safety and 

performance of operations. It provides operators with flexibility to add new recording 

capability into installed aircraft without recertification of the entire aircraft. 

STC evaluation considers several factors affecting certification technique 

and standards. Aircraft modification required to DVDR installation levels affects STC 

complexity, as well as timeliness of approvals, directly. Equipment addition-driven 

modifications with little change to the aircraft are less stressful to the certification 

process than installations that require significant system or structure modification 

(FAA, 2007). 

Regulatory compliance research of STC applications must take into 

account the present certification requirements, which may be different from the ones 

that existed when the aircraft was originally certified. Special cases provisions and 

other safety conclusions are determining factors on applying current requirements to 

vintage designs for aircraft. Interface compatibility analysis to prevent DVDR 

integration affecting existing aircraft systems or rendering initial certification basis null 

and void (EASA, 2020a). 

The engineering approaches applied in STC analyses are: 

a) Retrofit effect analysis approaches to establish modification impacts on existing 

aircraft systems and certification basis (Modarres, 2017); 

b) Demonstration methods for demonstrating equivalence to current standards in 

applying new requirements to new design aircraft; 

c) Feasibility analysis methods for testing practical constraints and requirements of 

retrofitting installed aircraft; 

d) Cost-benefit analysis methods to retrofit certification to support operators in 

assessing economic justification for DVDR upgrades. 

STC Engineers consider supplemental type certificate hand-in-hand with 

Installation Engineers who design retrofit installation needs and processes. 

Regulatory Specialists assess compliance requirements and may make equivalent 
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safety conclusions with regard to application of new standards to vintage aircraft, 

while Field Service Engineers provide realistic remarks as it relates to practicability of 

installation and maintenance considerations for retrofit use. 

The requirements of STC create some key documents that lead retrofit 

certification processes (FAA, 2007): 

a) STC Application Documentation provides comprehensive package for 

supplemental type certificate application, e.g., technical information and 

compliance demonstration; 

b) Retrofit Installation Instructions stipulates accurate procedures for DVDR system 

installation in operational aircraft, allowing repeatable and safe installation 

processes; 

c) Service Bulletin Documentation provides operators assistance in applying DVDR 

retrofits, i.e., installation and operating considerations. 

The aviation sector demands that regulatory bodies provide efficient 

guidance in the form of STC requirements and standards for DVDR retrofits to enable 

efficient approval processes. This includes STC pathway clarification that provides 

clear requirements and standards to be utilized to retrofit installations, equivalent 

safety determination support that provides use of already existing standards to older 

airplane design, and retrofit approval coordination that provides instant STC 

application processing and operator planning of implementation (Jackson, 2015). 

 

2.5.3. Foundation for certification and showing means of compliance 

 

The prime reason for the development of certification basis and display of 

means of compliance is to create the general regulatory context relevant to DVDR 

integration and to demonstrate in a systematic fashion that design, testing, analysis 

or other acceptable means satisfy all the requirements. This secures overall 

regulatory compliance with the advantage of possessing absolute proof of safety and 

performance sufficiency to certification authorities. 

Establishment of certification basis entails thorough consideration of all 

applicable regulations and standards to the DVDR integration. They include primary 

regulations like FAR 25.1457 and CS 25.1457 for flight recorder requirements and 

secondary standards like TSO-C197 for system performance requirements and DO-

160G for environment requirements. The certification basis must also take into 
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account any special conditions or equivalent safety determinations caused by 

innovative design features or non-standard installations. 

Compliance demonstration methods prescribe every regulation 

requirement to be fulfilled by a specified method of compliance. Analysis-based 

compliance employs engineering calculation, simulation, and theoretical analysis to 

show compliance with requirements. Test-based compliance employs laboratory 

testing, environmental testing, and flight testing to provide empirical evidence of 

compliance. Similarity-based compliance employs historical certification experience 

and data from similar systems to show like compliance. 

Certification Basis Establishment effort is the responsibility of Certification 

Engineers, in collaboration with Systems Engineers to provide technical analysis to 

enable techniques of demonstrating compliance. Regulatory Affairs Specialists are 

involved throughout the regulatory interpretation capability and precedent analysis of 

certification and Legal Counsel provides correct interpretation of regulatory 

requirements as well as regulatory coordination or petition activity support if and 

when required. 

The certification basis formation creates the majority of the top-level 

documents that establish the regulatory compliance environment: 

a) Certification Basis Document establishes the complete regulatory basis for 

application to DVDR integration, as prescribed in FAA Order 8110.4C; 

b) Means of Compliance Matrix carries out systematic cross-mapping of 

requirements to means of compliance demonstration, in accordance with 

aerospace certification practice 

c) Demonstration of Compliance Plan outlines detailed procedures and timelines for 

demonstrating compliance with each applicable requirement. 

Aircraft industry requires certification bodies to provide proper guidelines in 

terms of certification basis applicability and compliant means of compliance to serve 

the purposeful demonstration of compliance activities. These include certification 

basis agreement to verify appropriateness of selected regulation and standards for 

use in DVDR integration means of compliance approval to certify selected methods 

of compliance demonstration and compliance evidence review that provides timely 

examination of demonstration results and supporting documents (De Florio, 2006). 

 

2.5.4. Management of authority coordination and technical discussions 
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The principal goal of technical discussion coordination and management of 

authorities is to create efficient communication and coordination procedures with 

certification authorities such that technical matters are resolved successfully and 

certification development continues according to program timetables and creates 

effective working relationships that facilitate approval procedures. Coordination of 

such a type becomes extremely vital for integration of complex systems like DVDR, 

which might involve many technical areas and regulatory requirements. 

Authority coordination encompasses a number of channels of 

communication and types of interaction that must be resolved in a coherent manner. 

Progress meetings on a regular basis provide routine visibility into certification status 

and issues requiring authority awareness. Technical briefings and discussion address 

individual design elements, plans for compliance, and test results requiring authority 

review and approval. Issue resolution procedures establish ordered processes for 

resolving authority issues and making changes as necessary. 

Technical discussion management entails careful planning and 

documentation to assist effective communication with certifying authorities. Meeting 

preparation entails thorough technical data packages, properly prepared presentation 

material, and anticipated questions or issues raised by the authority. Follow-up 

records with documentation take note of discussion results, action items, and 

agreement driving follow-on development effort. Escalation procedures allow those 

instances where technical disagreement requires senior-level authority resolution or 

policy development. 

Program Managers direct the coordination of authority, working in close 

collaboration with Certification Engineers providing technical guidance and enabling 

authority interaction. Regulatory Affairs Specialists coordinate regulatory liaison and 

provide guidance on authority coordination strategy, with Technical Specialists 

providing subject matter expertise for specific technical discussions and 

presentations. 

The authority coordination produces a variety of documents critical to 

certification interaction and maintaining program momentum: 

a) Authority Coordination Plan establishes interaction timetables and 

communication protocols with certifying authorities as recommended by best 

project management practices (Project Management Institute. 2021. PMBOK 
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Guide); 

b) Technical Discussion Records serve as detailed records of authority interactions, 

action items, and decisions (FAA, 2018c); 

c) Issue Resolution Documentation documents authority issues and solutions 

implemented, to facilitate further certification progression and relationship 

sustenance. 

The manufacturer requires the certification agencies to provide timely and 

valuable feedback on technical presentations and demonstrations of compliance and 

maintain open lines of communication regarding any issues or additional 

requirements. This involves coordinating technical review scheduling, coordinating 

authority availability with program milestones and certification plan, providing 

constructive feedback that encourages good resolution of issues and program 

progress, and policy clarification support that answers regulatory interpretation 

questions or special innovative design consideration requirements. 

 

2.5.5. Demonstration of compliance through analysis, testing, and similarity 

 

The overall aim of demonstration of compliance through analysis, testing, 

and similarity is to gain full evidence that DVDR integration complies with all 

applicable regulations using the most current available and effective process for each 

specific requirement. The sequential process ensures full coverage of compliance 

and optimizes the use of resources and certification schedule by deliberate choice of 

demonstration approach. 

Demonstration of compliance comprises a number of approaches that 

must be selected with great caution based on requirement properties as well as 

evidence availability. Analysis-based demonstration makes use of engineering 

calculations, computer simulations, and theoretical analysis to show compliance with 

requirements that could reasonably be addressed by mathematical or computational 

methods. Testing-based demonstration applies lab testing, environmental testing, 

and operating testing to create empirical evidence in support of requirements that 

require physical verification or performance validation (EASA, 2020a). 

Similarity demonstration is the use of previous certification history and 

data from comparable systems or installations to demonstrate comparable 

compliance with relevant requirements. This technique requires careful attention to 
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similarity conditions and any differences that can impact compliance adequacy. 

Similar installation service experience data is further evidence to support 

demonstrating compliance, particularly in cases of reliability and operational safety 

requirements. 

Verification Engineers perform demonstration-of-compliance operations, 

supported by Test Engineers, who perform test activities and test data analysis. 

Analysis Engineers perform computer simulations and engineering calculations that 

support analytical demonstration of compliance and Data Analysts cross-compare 

statistical evidence and service experience data that supports similarity-based 

methods of demonstration of compliance. 

The demonstration-of-compliance produces a series of substantial 

documents that serve as proof of regulatory compliance: 

a) Compliance Demonstration Report delivers comprehensive evidence package 

illustrating how each requirement is met through analysis, testing, or similarity 

(NASA, 2020. NASA-STD-8719.13C); 

b) Test Results Documentation delivers comprehensive test results to demonstrate 

compliance to support testing, according to aerospace standards of testing 

(NASA, 2020); 

c) Analysis Reports deliver engineering calculations and simulation results in 

support of analytical demonstration of compliance, according to industry 

documentation standards of analysis (IEEE, 2019). 

The aviation firm requires the suppliers to provide proof of overall 

compliance that substantiates aircraft-level demonstration of compliance and 

traceability to the design and test effort of the supplier. This entails supplier 

compliance reports providing proof of how suppliers' deliverables comply with 

requirements specified, provision of test data evidence to be used in aiding aircraft-

level demonstration of compliance through testing, and analysis support provision of 

supplier engineering analysis and computations used in aiding overall compliance 

demonstration work (De Florio, 2006). 

 

2.5.6. Certificate test witnessing and authority monitoring 

 

The overall purpose of certificate test witnessing and authority monitoring 

is to provide certification bodies with direct access to key test activities and results so 
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as to ensure that test procedures are performed properly and results indicate system 

performance and regulatory compliance. The monitoring offers additional assurance 

of compliance demonstration and allows authority interface with system capability 

and limitation. 

Test witnessing encompasses several test activities under observation by 

competent authorities. Environmental testing as per DO-160G requirements requires 

authority witness for effective test operation and genuineness of test results. System 

performance testing enables compliance with operational specifications under 

diverse conditions to be witnessed by competent authorities for verification of 

compliance. Emergency scenario testing and failure mode testing require observation 

by competent authorities to ensure demonstration of safety-critical functions. 

Authority review procedures must give witnesses adequate access to test 

facilities, test data, and technical personnel without compromising test integrity and 

schedule compliance. Preparation for test requires synchronizing with authority 

schedules, facility setup for observation, and briefing documentation to allow 

authorities to understand test purpose and procedure. Post-test includes the 

presentation of test results, reviewing the data, and addressing any authority queries 

or issues on test procedure or results (De Florio, 2006). 

Test Engineers lead the certificate test witnessing process, working in 

conjunction with Quality Assurance Engineers to provide effective test execution and 

reporting. Facility Managers coordinate authorization to access test facilities and 

technical support for authority witnesses, while Technical Specialists provide 

technical support to assist with authority questions and result interpretation in test 

witnessing processes. 

The certification test witnessing provides a line of significant reports 

detailing authority validation of testing operations: 

a) Test Witness Reports provides reports of witnessed test activity and result 

validation (ISO, 2018); 

b) Test Execution Documentation provides detailed record of test procedure, result, 

and authority observation to support overall demonstration of compliance; 

c) Authority Test Approval Documentation provides formal authority acceptance of 

test procedure and result in support of overall demonstration of compliance. 

The aviation institution requires certification agencies to provide timely 

scheduling and participation in test witnessing activities with the effects of 
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constructive oversight driving certification advancement. Such include test witnessing 

coordination where availability of authority is coordinated with test schedules and 

program milestones, constructive observation that provides insightful comments 

without disrupting test conduct, and timely verification of findings that supports 

effective certification advancement and approval procedures. 

 

2.5.7. Preparation and submission of documentation package 

 

The preparation and submission of documentation packages are primarily 

done to obtain sufficient certification evidence in well-arranged packages that easily 

show compliance with all applicable requirements and make review and approval 

procedures easy for the effective authority. The logical structure ensures proper 

evidence of compliance provided properly and easily accessible to certification 

authorities at review stage. 

Documentation package preparation involves systematic assembly and 

organization of all evidence of certification that has been created throughout the life 

of the program. Traceability requirements documentation describes how all of the 

regulatory requirements are satisfied by design characteristics, testing, analysis, or 

other means of compliance. Technical documentation packages include design 

information, test information, analysis reports, and supplier compliance information 

that collectively demonstrate system safety and performance adequacy. 

Package submission operations must facilitate effective delivery of final 

doc packages with adequate configuration control and versioning. Electronic 

submission operations are also becoming increasingly prevalent as paper 

submissions are being replaced, incorporating effective handling of data and security 

processes. Submission planning must synchronize with review timetables by the 

authorities and program milestone needs in order to maintain compliance with 

certification timelines. 

Technical Writers lead preparation of doc packages in close association 

with Configuration Management Engineers who own document control and version 

control. Quality Assurance Engineers verify doc packages for correctness and 

completeness, and Program Managers coordinate submittal timing and authority 

coordination to assure certification schedule compliance. 
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Document package preparation creates some very important deliverables 

that enable certification approval (FAA, 2019e): 

a) Certification Documentation Package provides entire set of all supporting 

evidence of compliance presented for passing authority test; 

b) Package Submission Documentation provides submission documents and 

coordination documents for submission to enable management of certification 

schedule; 

c) Document Configuration Management Records provides traceability and version 

control documents to enable maintenance of continued airworthiness and 

subsequent modification. 

The certification authorities are mandated, as per the needs of the aircraft 

manufacturer, to provide speedy review of documentation packages presented by 

them with good communication of further information needs or concerns. The 

activities include package review planning to plan review capacity of the authorities 

according to submission time and program requirements, final review comment return 

to document any document gaps or issues to be cleared, and approval time 

management to meet program schedule and production planning activity. 

 

2.5.8. Continued airworthiness and post-certification change control 

 

The main goal of continuing airworthiness and change control after 

certification is to offer systematic procedures for design change control and 

regulatory compliance during the service life of the aircraft and that DVDR system 

changes comply with requirements for safety and performance. It serves as the 

foundation for continuous system improvement and development and certification 

integrity assistance. 

Change control procedures must address different types of changes that 

might be required during the operating life of the system. Design changes to resolve 

service experience issues require due evaluation to confirm continued compliance 

with certification standards. Configuration changes and updates to software require 

evaluation in relation to their impact on certified system safety and performance 

aspects. Hardware and component changes require evaluation to confirm continued 

compliance with environment and performance requirements (ICAO, 2020d). 
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Continuous airworthiness management is concerned with constant 

monitoring and analysis of system performance during service life operation. 

Monitoring service experience defines trends and imperfections that necessitate 

design adjustment or procedures changes. Monitoring regulatory compliance 

examines constant compliance with changing rules and standards. Reliability and 

safety performance monitoring provides information for continuous operating 

approval and how to enhance the system (De Florio, 2006). 

Configuration Management Engineers oversee post-certification change 

control activities, and Certification Engineers review the impact of changes to 

requirements for regulatory compliance. Service Engineers monitor operating 

performance and experience on services, and Safety Engineers review the impact of 

changes to system safety characteristics and requirements. 

Post-certification change control generates a number of key documents 

that uphold certification integrity throughout the operating life of the system (ICAO, 

2020d): 

a) Change Control Procedures establishes formal procedures for change 

consideration and implementation of design modification and compliance with 

certification; 

b) Continued Airworthiness Monitoring Reports ensures ongoing monitoring of 

system operation and compliance with regulatory laws in operating life; 

c) Service Experience Documentation maintains complete records of operational 

performance, problems, and changes that facilitate ongoing certification validity 

and system improvement efforts. 

Suppliers are required, according to manufacturer requirements for the 

aircraft, to submit change control procedures to manufacturer specifications to 

facilitate ongoing system improvement and evolution. This includes coordination of 

supply change control to guarantee modification compatibility with the aircraft 

systems and certification needs, sharing of service experience to guarantee provision 

of data for continued airworthiness analysis and system enhancement, and technical 

assistance that guarantees supplier capability to address service issues and 

undertake necessary modifications along the system life. 

 

2.6. PHASE 6: PRODUCTION & SUPPORT 
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Production & Support is the final phase of DVDR integration as far as the 

aircraft manufacturer is concerned, encompassing all the work to go from certified 

design to production for flight and building good support facilities for the life of 

operation in the system. According to aerospace industry practices established in 

ARP4754A, this step is made certain that the certified DVDR system maintains its 

safety and performance characteristics throughout production and operating service 

and performs satisfactorily in assisting aircraft operators and maintenance 

organizations. 

This phase is most critical to the point where it is the foundation for long-

term operating success and ongoing airworthiness compliance. Complexity of 

avionics in modern avionics systems requires systematic approaches in the 

production quality assurance, servicing support, and continuous operating safety 

surveillance, which the FAA Order 8110.4C production approval and continuous 

operating safety instruction emphasizes. Moreover, installation of DVDR systems on 

aircraft manufacturing lines requires true synergy among the manufacturing 

processes, quality assurance systems, and supplier control programs. 

The phase is made up of a number of interdependent activities that must 

be coordinated between distinct support and engineering entities. The activities range 

from production acceptance testing and quality assurance to airworthiness 

surveillance as well as field service support. All the activities have their 

corresponding contribution towards maintaining the certified performance 

characteristics of DVDR systems throughout their life cycle in service operation as 

well as providing adequate support to aircraft operators and maintenance 

organizations. 

 

2.6.1. Production acceptance testing procedures and requirements 

 

The basic purpose of production acceptance testing is to ensure that each 

DVDR system produced during aircraft production is in compliance with all certified 

performance specifications and remains so with respect to regulatory requirements 

set at the time of certification. Use of a systematic approach to test ensures that 

confidence is maintained that production variation does not degrade system safety or 

performance characteristics. 
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Production acceptance tests are collections of categories of tests for 

various areas of system performance and conformity. Functional testing confirms that 

DVDR recording functions operate as intended, such as data retrieval from aircraft 

systems, recording of voice ability, and storing data. Interface testing checks DVDR 

to aircraft system communication, such as data bus interfaces, power supply 

interfaces, and emergency power operation. Performance testing confirms recording 

time, data integrity, and storage capacity are in compliance with requirements in 

production conditions. 

Environmental test verification confirms production units are still compliant 

with DO-160G environmental conditions like temperature, vibration, and 

electromagnetic compatibility standards. Installation verification confirms physical 

installation is in compliance with certified configuration conditions like mounting 

security, wiring routing, and maintenance access for procedures. Quality control 

testing includes manufacturing consistency and confirms production processes 

maintain certified system properties. 

Production Acceptance Test produces a set of critical documents to be the 

foundation of production quality control: 

a) Production Acceptance Test Procedures hold detailed testing requirements and 

steps for each DVDR installation, following aerospace manufacturing standards 

(SAE, 2018c); 

b) Test Equipment Calibration Procedures safeguard accuracy and traceability of 

testing equipment while conducting production activities (ISO, 2017); 

c) Production Quality Control Plan prescribes formal production monitoring steps of 

consistency and adjusting quality variations (ASQ Quality Press, 2016). 

 

2.6.2. DVDR acceptance processes of installation quality control 

 

The quality control processes involve various inspection and verification 

processes that encompass numerous aspects of installation quality, to establish 

formal procedures to maintain uniform DVDR installation quality and remain in 

compliance with certified configuration requirements in the aircraft production 

operations. 

Pre-installation verification verifies DVDR components are certified and 

properly aligned to the intended aircraft installation. Installation process control 
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verifies mounting processes, wiring routes, and system interfaces meet certified 

installation processes and possess sufficient safety margins. Post-installation 

verification verifies final installations meet all certification standards and are properly 

documented for configuration control (FAA, 2019b). 

Component traceability systems track DVDR components from supplier 

delivery through delivery of the aircraft, controlled and recorded configuration 

changes. Installation document requirements prescribe installation procedures for 

information installation, test data, and procedural deviations. Quality audit procedures 

have the responsibility for systematic check of installation activities and ongoing 

improvement of quality control systems. 

The quality control processes produce a collection of essential documents 

that form the foundation for controlling production quality: 

a) Installation Quality Control Procedures specify exact requirements and processes 

for DVDR installation quality control (FAA, 2019b); 

b) Quality Inspection Checklists produce systematic checking of installation 

according to certified requirements (ASQ Quality Press, 2018); 

c) Non-Conformance Management Procedures establish systematic processes for 

installation deviation treatment and attesting corrective actions meet certification 

(FAA, 2019b). 

 

2.6.3. Procedures for development and implementation of service bulletins 

 

Service bulletin development refers to step-by-step procedures for delivery 

of DVDR system improvement, change, and service recommendation to air operators 

in an attempt to stay up-to-date with regulation requirements and certification basis. 

The process takes place through different activities, which process different types of 

service information and regulation requirements. 

Forced service bulletins address safety issues that must be resolved and 

dealt with as an urgent situation, like software patches that close safety issues, 

hardware updates that address noted deficiencies, and process updates that prevent 

unsafe operation. Advisory service bulletins provide recommendations for system 

updates, upkeep, and operating improvement that improve system performance or 

reduce the expense of maintenance. 
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Service bulletin implementation procedures establish orderly procedures 

for informing operators, overseeing compliance, and coordinating with regulators. 

Regulatory coordination utilization is used to ensure service bulletins comply with 

applicable regulations and integrity of the certification basis. Operator communication 

procedures establish distinct procedures for implementing service bulletins, including 

technical requirements, compliance schedules, and available support material. 

The service bulletin development generates master documents that set the 

foundation for continual operational support: 

a) Service Bulletin Procedures define systematic procedures for development, 

review, and publication of service bulletins (ATA, 2013); 

b) Service Bulletin Tracking System provides for proper monitoring of service 

bulletin compliance and effectiveness (FAA, 2018b); 

c) Regulatory Coordination Procedures define systematic procedures for 

coordination of service bulletin requirements and certification authorities (ICAO, 

2020b). 

 

2.6.4. Requirements for technician training and updates to maintenance 

manual 

 

Revising the maintenance manual through different forms of maintenance 

information addressing different aspects of system support is to provide maintenance 

organizations with current accurate information for DVDR system maintenance and 

proper training for maintenance technicians to ensure system performance and 

safety during operational service. 

Periodic maintenance tasks provide directions for regular inspections, 

functional testing, and preventive maintenance tasks that establish system 

dependability and operating performance. Troubleshooting practices establish 

systematic processes for the detection and restoration of system failures, including 

fault-isolation procedures, replacement procedures, and system verification 

requirements. 

Training program development caters to different levels of maintenance 

technician requirements from basic system introduction to proper maintenance 

practices, and advanced troubleshooting techniques. Training material development 

entails classroom training material, on-the-job training process, and evaluation of 



103 

technician competency measures. Delivery of training coordination ensures 

availability of required training resources and back-up to maintenance organizations. 

Revisions to maintenance manuals and training development create a 

series of important documents that serve as the foundation of maintenance support: 

a) Maintenance Manual Revisions set current accurate procedures and 

specifications for maintenance of the DVDR system (ATA, 2017); 

b) Training Program Curricula ensure systematic means for maintenance technician 

training and establishment of competency (ICAO, 2018a); 

c) Training Material Development Procedures ensure training materials are kept up 

to date and effective (FAA, 2019a).  

 

2.6.5. Monitoring of operational safety and data analysis on an ongoing basis 

 

Operational safety monitoring consists of several data collection and 

analysis activities that span an array of problems associated with system 

performance and safety. Flight data analysis examines DVDR recorded data for the 

purpose of establishing operational trends, system performance parameters, and 

safety concerns to address. Maintenance data analysis examines system reliability, 

modes of failure, and maintenance efficacy to identify areas to be improved and 

further refine the maintenance program. 

Service difficulty reporting processes standardize processes for collecting, 

analyzing, and reporting operation issues and safety problems to governmental 

regulatory agencies and industry trade associations. Trend analysis techniques 

identify trends in operational data that may indicate developing safety issues or 

system deterioration requiring adjustment. Risk assessment processes evaluate 

relative significance of found issues and establish appropriate response priorities. 

Continuous monitoring of safety in operation produces some of the most 

significant documents on which operational safety management is based: 

a) Operational Safety Monitoring Program formulates the standard procedures for 

gathering and analyzing operational safety data (FAA, 2015); 

b) Safety Data Analysis Reports perform periodic evaluation of operational safety 

performance and identified trends (ICAO, 2020c); 

c) Service Difficulty Reporting Procedures enable regular reporting of operational 

issues and safety issues (FAA, 2018a). 
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2.6.6. Field service support and troubleshooting procedures 

 

Field support service includes several support functions that intersect 

operational and maintenance support areas with a view to providing inclusive 

technical support to aircraft operators and maintenance organizations for 

troubleshooting, installation, and maintenance of DVDR system activities where field 

service activity is within parameters of system safety and performance 

characteristics. 

Technical support services consist of expert maintenance, installation, and 

system fault-solving activities, including remote help, on-site visits, and technical fault 

repair. Spare part control ensures that spares are kept in storage when needed and 

at certified standards of standards and performance requirements. 

Troubleshooting procedures set step-by-step guidelines for system defect 

discovery and repair, including fault isolation procedures, diagnostic procedures, and 

repair verification requirements. Field service training provides field service personnel 

with appropriate technical know-how and awareness of system improvements and 

changes. Customer support coordination creates efficient communication between 

operators, maintenance organizations, and technical support capacity. 

The field service support creates several key documents that form the 

operational support basis (FAA, 2016): 

a) Field Service Support Procedures provide standardized approach to delivery of 

technical support to operators and maintenance organizations; 

b) Troubleshooting Guide provides standardized procedures to troubleshoot and 

repair system issues; 

c) Technical Support Coordination Procedures provide facilities for effective 

coordination and communication among support organizations. 

 

2.6.7. Software/hardware update processes and certification impact 

 

The software/hardware update procedure is to develop systematic process 

to implement system changes and improvements and remain in compliance with 

certification and prevent updates from reducing system safety or performance 
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factors. The process ensures system evolution and improvement activities for safe 

operation and compliance with regulations. 

Software/hardware update activities encompass a spectrum of activities 

that address different kinds of changes and how these affect certification. Software 

updates may include functionality improvement, performance upgrades, and security 

fixes that can be evaluated for certification effect and regulatory implications. 

Hardware updates may include component replacement, obsolescence 

management, and performance improvement that can be evaluated for certification 

basis effects. 

Certification impact analysis procedures examine proposed changes for 

their effects on system performance, safety, and regulatory compliance. Compliance 

coordination ensures the change maintains certification basis integrity and conformity 

with applicable regulation. Update implementation procedures define systematic 

practices to develop, test, and implement system changes while maintaining 

operating performance and safety. 

The software/hardware update procedures generate a series of significant 

documents that constitute system modification management: 

a) Update Process Procedures ensure process steps in testing, developing, and 

installing system updates (IEEE, 2016); 

b) Certification Impact Assessment Procedures define procedures for determining 

the change impact on system certification (FAA, 2013); 

c) Update Implementation Procedures ensure proper test and installation of the 

changes and operationally safe implementation (RTCA, 2018a). 

 

2.6.8. Integration of lessons learned in future certification programs 

 

Lessons learned incorporation is to formally capture, analyze, and 

leverage operational experience and knowledge gained from certification programs 

for improvement of future DVDR certification programs, reduce program risk, 

schedule, and cost. Such knowledge preservation guarantees useful experience is 

captured and utilized to obtain maximum future program success. 

Experience documentation offers rich data regarding certification matters, 

fixes, and practices to be adopted in future programs. Process improvement analysis 
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identifies areas of improvement in certification processes, coordinating systems, and 

technical procedures gleaned from program experience. 

Knowledge transfer processes guarantee that experience gained is 

effectively transferred to follow-on program teams and integrated into certification 

planning and execution activities. Best practices building builds systematic methods 

of utilizing established techniques and avoiding known problems in follow-on 

certification programs. Continuous improvement processes guarantee that lessons 

learned integration becomes a systematic process of certification program 

management. 

Synthesis of lessons learned generates a series of significant documents 

that serve as input to future program planning (Davenport; Prusak, 1998): 

a) Lessons Learned Database provides controlled capture and structuring of 

certification program experience; 

b) Best Practices Documentation generates controlled means of applying good 

methods in subsequent programs; 

c) Process Improvement Recommendations determines areas for improvement for 

certification processes and coordination. 
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3. CONCLUSION 

 

The qualification and development of a Digital Voice and Data Recorder 

(DVDR) system is representative of the sophistication and severity that define 

modern aerospace engineering projects. This case history has illustrated how 

engineering solutions to safety-critical avionics must be not only technically 

satisfactory but also meet long-term regulatory, environmental, and operational 

requirements. The DVDR, as a combination of Flight Data Recorder and Cockpit 

Voice Recorder capabilities, is the convergence of hardware, software, systems 

engineering, and certification procedures for the creation of an airworthy product. 

The engineering process to develop the DVDR relies heavily on structured 

methods such as ARP4754A for system development, ARP4761 for safety analysis, 

DO-178C and DO-254 for software and hardware design assurance and DO-160G 

for environmental qualification. Such standards combined with Technical Standard 

Orders such as TSO-C123a and TSO-C124a form a system under which compliance 

by regulation and system dependability meet. More significantly, the existence of 

regulators such as the FAA and EASA at all levels guarantees that decisions in 

engineering are traceable, verifiable, and certifiable since this is a requirement if the 

system is to be embraced globally across aviation markets. 

Throughout this dissertation, it has been evident that there is substantial 

engineering documentation and rigorous procedures involved in system certification. 

From system requirements specification to interface definition, safety assessment, 

verification planning, and configuration control, the DVDR certification process is a 

well-documented lifecycle that is compulsory in aviation in order to provide 

traceability and accountability. All test plans, documents, and safety assessments are 

not only employed for compliance but to ensure the system is more reliable and 

simpler to maintain over its life. 

The developmental and certificatory time spent in DVDR is significant, 

especially against the backdrop of increased system integration and digitalization of 

the aviation sector. Time spent is a reflection of the aviation industry's eagerness to 

learn from experience lessons derived from history through past accidents and 

supported by safety board such as NTSB, ICAO, and BEA. Moreover, long 

development periods are characteristic of the depth and specificity of engineering 

required in high-reliability commercial air transport systems. 
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Notably, the present study highlighted the need for highly skilled engineers 

in Original Equipment Manufacturers (OEMs) because of the increasing demand. The 

complexity of certifying a DVDR system from crash survivability to software 

qualification requires cross-disciplinary roles in systems, safety, electrical, embedded 

software, and regulatory engineering. With OEMs facing growing market pressures 

and newly developed aircraft programs, the need for highly trained cross-disciplinary 

expertise and certification-sensitive engineers is more than ever. 

Also, coordination between OEMs, suppliers, and regulators contributes a 

determining factor to the certification process. The DVDR program relies on suppliers 

conforming to development standards and meeting OEM-specified integration and 

safety targets. Integration of this activity requires not only technical skills but also 

stringent project and configuration management processes to determine system 

consistency across organizational and geographical boundaries. 

Finally, the presence of different paths to system certification—i.e., direct 

qualification against the aircraft Type Certificate vs. conformity via TSOs or ETSOs—

allows greater flexibility but increased complexity in certification approach. This 

highlights the requirement for early strategy planning and coordination of authority. 

By being compliant with the international standards and aligning stakeholders' 

interests, one can provide such equipment as the DVDR that not only complies with 

the regulations, but can also make significant contributions to aviation overall safety 

and dependability in the present times. 

Last but not least, this thesis has shown that the DVDR is not just a 

humble passive data recorder; it is a product of sound engineering procedures, 

collaborative industrial cultures, and regulatory monitoring. It is an example of how 

excellence in engineering, combined with safety culture and degree of intensity of 

certification, can create solutions for the saving of life and make world aviation safety 

better. 
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