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In the high-stakes environment of an active airport ramp, the precision of communication between ground

personnel and flight crews is paramount to operational safety. Aircraft marshallingis a visual communication
system that employs standardized hand signals to guide aircraft during taxiing, parking, and engine start-up
procedures. This technical guide provides a comprehensive analysis of marshalling protocols, the regulatory
frameworks governing them, and the physiological and technical factors that ensure their efficacy in complex
aerodrome environments.

1. The Theoretical Framework of Visual Ground Communication

Aircraft marshalling serves as a critical fail-safe and primary guidance mechanism when radio communication is
impractical, prohibited, or fails. The fundamental principle relies on the Signal-to-Noise Ratio (SNR)in a  visual
context. On a noisy tarmac where auditory signals are drowned out by turbine engines (which can exceed 140
decibels), the human visual system becomes the primary channel for data transfer.

The Marshaller acts as a human-machine interface (HMI), translating the spatial requirements of the airport
infrastructure into actionable commands for the pilot. This requires an understanding of parallax errorand the
pilot's field of vision. A marshaller must be positioned within the pilot's line of sight, typically ahead and slightly to
the left of the nose (from the pilot's perspective), ensuring that the signals are visible even when the aircraft's nose
is pitched up or down.

Regulatory Oversight and Standardization

Marshalling signals are not arbitrary; they are strictly codified by international aviation bodies to ensure universality.
The primary standards are derived from:

¢ ICAO Annex 2: Rules of the Air, Appendix 1, which provides the international standard for visual signals.

e FAA Order JO 7110.65: Which outlines air traffic control and ground signaling procedures in the United States.
¢ |ATA Ground Operations Manual (IGOM): Which provides commercial best practices for ground handling.

* NATO STANAG 3117: The military standard for aircraft marshalling signals used by Allied forces.

2. Technical Breakdown of Standard Marshalling Signals

Each signal is a discrete data packet intended to trigger a specific mechanical response from the aircraft. The
following sections detail the technical execution of primary signals.

2.1.The Positioning and Identification Signals

Before movement begins, the marshaller must establish a link with the pilot. This is done via the "Identify Gate" or
"Proceed to this Marshaller"signal. The marshaller raises both arms vertically above the head, palms facing
inward. This creates a high-contrast vertical silhouette that is easily distinguishable against the complex
background of the terminal or ground equipment.

2.2. Lateral Directional Control

To guide an aircraft through a turn, the marshaller employs differential signaling. To signal a Turn to the Left(from



the pilot's perspective), the marshaller extends the right arm at a 90-degree angle to the body and performs a
continuous motion with the left hand toward the eye level. This movement indicates the rate of the turn; faster
motions suggest a tighter radius, while slower motions suggest a gradual adjustment.

2.3. Speed Control and Rate of Closure

The signal for "Move Ahead" involves arms at the side, palms facing backward, moved repeatedly upward and
backward to shoulder height. The frequency of the arm movement is a technical indicator of the desired ground
speed. As the aircraft approaches the stop bar or the parking T, the marshaller slowly brings the arms together
toward the top of the head in a "closing" motion. This provides the pilot with a visual representation of the remaining
distance—a concept known as Visual Rate Sensing.

3. Emergency and Fire Service Protocols

In the event of a mechanical failure or an onboard emergency, the marshaller’s role shifts from guidance to crisis
management. Emergency signals are designed to be unmistakably different from standard operational signals.

3.1.The Emergency Stop

While a standard "Stop" is indicated by crossing the arms above the head, the Emergency Stop involves a rapid,
repetitive crossing and uncrossing of the arms. This signal demands an immediate application of brakes,

regardless of the aircraft's current momentum. From a physics perspective, the pilot must account for the braking
distanceof a multi-ton aircraft, which is why the emergency stop signal is often accompanied by aggressive body
language to convey urgency.

3.2. Fire Signaling and Localization

When the Aerodrome Fire Service (AFS) or a marshaller detects a fire (e.g., a tailpipe fire or brake fire), specific
signals are used to communicate the location of the fire to the cockpit. The signal involves a rapid "fanning" motion
with one hand at the waist, while the other hand points to the affected area (Engine 1, Engine 2, or the
undercarriage).



Signal Type Action Required Visual Description Standard Reference

Normal Stop Apply Brakes Gradually Arms crossed above head, ICAO Annex 2
palms forward

Emergency Stop Immediate Brake Abruptly cross arms above FAA / ICAO
Application head (Rapid)
Cut Engines Shutdown Propulsion Hand moved across throat IATA IGOM

(horizontal)

Brakes Engaged Verify Parking Brake Fist clenched, held at eye NATO STANAG
level

Brakes Released Ready for Taxi Fist opened, fingers ICAO Annex 2
extended

4. Night Operations and Technical Equipment

Visual signaling at night requires the use of illuminated wands. These are typically translucent orange or red

tubes attached to high-intensity flashlights. The technical challenge at night is autokinesis—a phenomenon where
a stationary point of light appears to move in a dark environment. To counter this, marshallers must ensure their
body movements are large and distinct, using the wands to draw clear geometric shapes in the air.

4.1. Equipment Specifications

Standard Marshaller PPE (Personal Protective Equipment) includes:

» High-Visibility Vest: Reflective material meeting ISO 20471 standards.

* Hearing Protection: Ear defenders with a Noise Reduction Rating (NRR) of at least 30dB.
Marshalling Wands: LED-based, waterproof, with a minimum battery life of 12 hours.

» Safety Boots: Steel-toed and oil-resistant to withstand the harsh ramp environment.

5. Human Factors and Error Mitigation

Technical writing in aviation must address Human Factors (HF). Errors in marshalling often stem from fatigue,
environmental stress, or misinterpretation of signals. The "One-Man-One-Machine"rule dictates that only one
person should signal an aircraft at any given time to avoid conflicting instructions.

5.1.The Criticality of the "All Clear" Signal

Before an aircraft is released for taxi, the marshaller performs a 360-degree scan of the area. The final "All Clear"
signal (a thumb-up or the removal of chocks) is a legal confirmation that all ground equipment is clear and the
aircraft's path is unobstructed. Failure to perform this correctly can result in "Ramp Rash"—a term used for ground
collisions that cost the industry billions of dollars annually.

5.2. Geometric Alignment and Depth Perception

Marshallers must understand the turning radius of different aircraft types. For example, a Boeing 777-300ER has
a much larger tail swing than an Airbus A320. The marshaller must calculate the clearance for the wingtips and the
horizontal stabilizer visually. This requires training in spatial geometry and a deep familiarity with the Aerodrome
Chart.



6. Step-by-Step Procedure for Parking an Aircraft

1. Preparation: Check that the stand is clear of Foreign Object Debris (FOD) and that Ground Power Units
(GPU) are in position but clear of the taxi path.
Contact: Stand at the head of the lead-in line. Raise wands/hands to identify the gate.
Guidance: Use steady, rhythmic movements to guide the aircraft along the yellow lead-in line.
Deceleration: As the nose wheel approaches the stop bar, slow down the arm movements.
The Stop: Gradually bring the arms together, crossing them exactly as the nose wheel hits the mark.

6. Securing: Signal for brakes to be set, wait for the pilot's confirmation (landing lights flash or thumb up), then
signal for chocks to be inserted.

7. Engine Cut: Once chocks are confirmed, signal for engine shutdown.

akrown

7. Synthesis of Marshalling Excellence

Aircraft marshalling is a blend of rigorous technical discipline and real-time spatial problem-solving. While
automated docking systems (like the Visual Docking Guidance System or VDGS) are becoming more common at
major hubs, the manual marshaller remains indispensable for irregular operations, remote stands, and emergency
scenarios. The efficacy of these signals lies in their simplicity and the global adherence to standardized protocols.
By maintaining a high signal-to-noise ratio and adhering to the ICAO and FAA frameworks, ground crews ensure
that the interface between the massive kinetic energy of a moving aircraft and the static constraints of an airport
terminal remains safe, efficient, and professional.

Ultimately, the marshaller's hands are the last line of defense in ground safety. Through continuous training,
adherence to PPE standards, and a deep understanding of the physics of aircraft movement, these professionals
maintain the integrity of the global aviation network, one flight at a time.
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