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The safety and efficiency of global civil aviation rely on a complex ecosystem of technology, procedures, and 

personnel. While pilots and air traffic controllers are the most visible actors in this system, the underlying 

infrastructure—comprising Communication, Navigation, Surveillance, and Air Traffic Management (CNS/ATM) 

systems—is maintained and managed by a specialized group of professionals known as Air Traffic Safety 

Electronics Personnel (ATSEP). To standardize the competency and training of these vital individuals, the 

International Civil Aviation Organization (ICAO) developed Doc 7192, Part E-2.

This manual serves as the global benchmark for Air Navigation Service Providers (ANSPs) and training

organizations to ensure that the technical staff responsible for the ground-based safety-related electronics systems

possess the necessary knowledge, skills, and attitudes. As aviation moves toward more integrated, digital, and

automated environments, the role of ATSEP has evolved from traditional maintenance to system-wide safety

management. This article provides a technical deep dive into the frameworks, training phases, and operational

implications of ICAO Doc 7192 Part E-2.

The Regulatory Framework and the Genesis of Doc 7192 Part E-2

Before the formal adoption of Doc 7192 Part E-2 in 2011, training for electronics personnel varied significantly 

across different regions. The push for a standardized training manual was spearheaded by the International 

Federation of Air Traffic Safety Electronics Associations (IFATSEA) , in collaboration with EUROCONTROL

and ICAO. The objective was to create a harmonized syllabus that reflected the increasing complexity of CNS/ATM

systems.

Doc 7192 Part E-2 is not an isolated document. it functions in tandem with other critical ICAO publications, such as:

•  Doc 10057: Manual on ATSEP Training and Assessment, which provides more recent guidance on 

Competency-Based Training and Assessment (CBTA).

•  Doc 9806: Safety Audits Manual, which integrates technical maintenance into the broader Safety 

Management System (SMS) audits.

•  Annex 10: Aeronautical Telecommunications, which defines the technical standards the ATSEP must maintain.

The Scope of ATSEP Responsibilities

ATSEP are responsible for the entire lifecycle of CNS/ATM systems. This includes installation, commissioning, 

operation, maintenance, and decommissioning. Their work directly impacts the integrity, availability, and 

continuityof services. The failure of a single VOR (VHF Omnidirectional Range) or a primary surveillance radar

can lead to significant disruptions in air traffic flow, necessitating a highly regulated training regime.

Structural Breakdown of ATSEP Training Phases

ICAO Doc 7192 Part E-2 defines a structured, multi-phase approach to training. This ensures that personnel

progress from foundational knowledge to equipment-specific expertise. The training is categorized into four primary



phases:

1. Basic Training

The goal of Basic Training is to provide a broad understanding of the aviation environment. It is designed for entry-

level personnel or those transitioning from other electronic engineering fields. Topics include:

•  Air Traffic Management (ATM) Overview: Understanding how air traffic control works and the ATSEP's role 

within that workflow.

•  Aeronautical Information Services (AIS): How data is communicated to pilots and controllers.

•  Meteorology: The impact of weather on electronic systems and the maintenance of MET equipment.

•  Human Factors: An introduction to the limitations of human performance in technical environments.

2. Qualification Training

After completing Basic Training, personnel enter the Qualification phase, where they specialize in one or more 

technical streams. According to Doc 7192, these streams include Communication, Navigation, Surveillance, and 

Data Processing. This phase provides the theoretical background required for specific functional areas without

being tied to a particular piece of hardware.

3. System/Equipment Rating Training (S/E Rating)

This is the most critical phase for practical application. It is equipment-specific and usually conducted by the

manufacturer or a certified training provider. For instance, an ATSEP qualified in the 'Navigation' stream would

receive S/E Rating training on a specific model of ILS (Instrument Landing System) or DME (Distance Measuring

Equipment) used by their ANSP.

4. Continuation Training

ATSEP must maintain their proficiency through regular Continuation Training, which includes:

•  Refresher Training: Reviewing core competencies and procedures.

•  Emergency Training: Practicing responses to critical system failures or catastrophic events (e.g., power grid 

failure).

•  Conversion Training: Required when new systems or significant software updates are implemented.

Technical Analysis: CNS/ATM Domains and Training Syllabi

The technical depth of Doc 7192 Part E-2 is best illustrated by examining the specific requirements for the CNS

streams. Each stream demands a unique set of mathematical and engineering competencies.

The Communication Stream

Communication systems are divided into Voice and Data. ATSEP must understand the propagation characteristics

of VHF and HF bands, the architecture of Controller-Pilot Data Link Communications (CPDLC), and the intricacies

of the Aeronautical Fixed Telecommunications Network (AFTN).

The Navigation Stream

This domain involves ground-based radio navigation aids. The training covers the mathematical principles of signal

modulation, phase shifting, and the geometric principles of trilateration. ATSEP must be able to calibrate Instrument

Landing Systems (ILS) to within extremely tight tolerances (Category I, II, and III requirements).

The Surveillance Stream

Surveillance training involves Primary Surveillance Radar (PSR), Secondary Surveillance Radar (SSR), and



Automatic Dependent Surveillance-Broadcast (ADS-B). ATSEP must master signal processing, clutter rejection

algorithms, and target extraction techniques.



Domain Key Technologies Primary Training Focus Critical Performance 
Metric

Communication VHF/UHF, VCCS, VoIP, HF Signal-to-Noise Ratio, 
Latency, Data Integrity

Availability (99.999%)

Navigation VOR, DME, ILS, GNSS/
GBAS

Signal Stability, Phase 
Accuracy, Calibration

Integrity & Continuity

Surveillance PSR, SSR, Mode S, ADS-B Target Resolution, Clutter 
Suppression

Accuracy & Update Rate

Data Processing FDP, SDP, HMI, Networks Software Logic, Database 
Integrity, Cyber Security

System Reliability

Theoretical Framework: Human Factors and Safety Systems

A significant portion of Doc 7192 Part E-2 is dedicated to Human Factors (HF). Technical failures in aviation are 

rarely purely mechanical; they are often the result of human error during maintenance or installation. The manual 

emphasizes the SHELL Model (Software, Hardware, Environment, Liveware, Liveware) and the Reason’s Swiss 

Cheese Model of accident causation.

The SHELL Model for ATSEP

•  Software: Interaction with operating systems, maintenance manuals, and diagnostic software.

•  Hardware: Physical interaction with racks, cables, and testing equipment.

•  Environment: Working in remote sites, high-noise equipment rooms, or extreme weather conditions.

•  Liveware (Self): The ATSEP's own physical and mental state (fatigue, stress).

•  Liveware (Others): Communication with Air Traffic Controllers (ATCOs) and other technical staff.

By understanding these interactions, training programs can include "Soft Skills" like Team Resource Management 

(TRM), which is the technical equivalent of CRM (Crew Resource Management) used by pilots.

Practical Implementation: A Field Guide for ANSPs

Implementing a Doc 7192-compliant training program requires a systematic approach. ANSPs must transition from 

traditional classroom-only training to a Competency-Based Training and Assessment (CBTA)model. The

following steps outline the practical workflow:

Step 1: Training Needs Analysis (TNA)

Before designing a course, the ANSP must perform a TNA to identify the gap between current personnel skills and

the requirements of the systems in operation. This involves analyzing the technical documentation of the equipment

(e.g., Doc 7192 and manufacturer manuals).

Step 2: Designing the Competency Framework

Competency is defined as the combination of knowledge, skills, and attitude. For an ATSEP, a competency might

be "Perform Annual Calibration of the ILS Localizer." The framework must define the performance criteria, the

conditions (e.g., using a specific oscilloscope), and the assessment method.

Step 3: On-the-Job Training (OJT)

OJT is perhaps the most critical component of ATSEP development. Under the supervision of an 



OJT Instructor 

(OJTI), the trainee applies theoretical knowledge in the real-world operational environment. Doc 7192 emphasizes

that OJT should be structured and recorded in a personal training logbook.

Step 4: Assessment and Certification

Assessment must be objective. It often involves a mix of written examinations, practical demonstrations, and oral

questioning. Once the ATSEP meets the required standard, they are issued a certificate of competence or a

license, depending on the national regulatory framework.

Case Study: Transitioning to New Technologies

Consider the transition from traditional Secondary Surveillance Radar (SSR) to ADS-B. An ANSP following ICAO 

Doc 7192 Part E-2 would manage this change through a structured Conversion Training  program.

Operational Challenge:The existing technical staff is proficient in magnetrons and rotating antennas but lacks

experience in GPS-based time synchronization and high-speed data networking required for ADS-B.

Solution Strategy:

1.  Gap Analysis: Identify that the "Surveillance Qualification" needs to be updated with modules on GNSS and 

Data Networking.

2.  Phase 3 Training: Procure equipment-specific training for the ADS-B ground stations.

3.  Human Factors Review: Analyze the risk of "Automation Bias" where technicians might over-rely on built-in 

diagnostic tools.

4.  Validation: Use Doc 9806 safety audit principles to verify that the new training successfully mitigated the risk 

of maintenance-induced errors.

Maintenance Metrics and Mathematical Models

Technical training for ATSEP also involves understanding the mathematical models that govern system reliability.

Two primary metrics are taught and monitored:

•  Mean Time Between Failures (MTBF): A measure of a system's reliability. ATSEP are trained to perform 

preventive maintenance to maximize MTBF.

•  Mean Time To Repair (MTTR): A measure of maintainability. Doc 7192-compliant training aims to reduce 

MTTR by improving the diagnostic skills of the personnel.

The relationship between these is often expressed in the Availability Formula:

Availability = MTBF / (MTBF + MTTR)

Training ensures that ATSEP can influence both variables—extending MTBF through high-quality preventive

maintenance and reducing MTTR through efficient corrective maintenance procedures.

The Evolution of ATSEP Training

As the industry moves toward System-Wide Information Management (SWIM)and cloud-based ATM services,

the ICAO Doc 7192 Part E-2 framework continues to provide the foundational structure needed for safety. The shift

from "electronics technician" to "safety systems engineer" is a direct result of the rigorous standards established by

ICAO. Future updates to these manuals will likely incorporate Artificial Intelligence (AI) diagnostics and Cyber-

Security as core pillars of the ATSEP syllabus.



In conclusion, ICAO Doc 7192 Part E-2 is more than a training manual; it is a vital safety instrument. By ensuring

that the personnel who maintain the world's aviation infrastructure are trained to a high, uniform standard, the

aviation industry maintains its position as the safest mode of transport in the world. ANSPs that invest in

comprehensive training programs based on these standards see direct benefits in system uptime, reduced

operational risk, and increased longevity of their technological assets.
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