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5.2 Navigational Aids (NAVAIDs)

Navigational aids (NAVAIDs) are physical or electronic systems that help pilots determine their position and safely
navigate through the airspace. These aids assist in route planning, in-flight navigation, and approaching airports. They
ensure pilots have reliable, accurate information for safe operation in various airspaces.

1. Types of Navigational Aids
e Ground-Based NAVAIDs:
o VOR (VHF Omnidirectional Range):

= VORs are one of the most common ground-based navigational aids. They emit signals that allow
aircraft to determine their bearing from the VOR station, helping them navigate along airways
or approach airports. VORs typically work in the VHF (Very High Frequency) range and are
commonly used for en-route navigation.

o DME (Distance Measuring Equipment):

= DME is often paired with VORs to provide distance information. By calculating the time it takes
for a signal to travel to the aircraft and back, DME measures the aircraft’s distance from a specific
location, usually an airport or waypoint. DME is especially useful for precise navigation in
terminal areas and for approaches.

o ILS (Instrument Landing System):

= The ILS is used to guide aircraft in low-visibility conditions, typically during final approach and
landing. It provides both lateral (horizontal) and vertical (glide slope) guidance to help the
aircraft align with the runway. ILS consists of ground-based transmitters that send radio signals
to the aircraft, providing precise approach and landing guidance.

o ADF/NDB (Automatic Direction Finder / Non-Directional Beacon):

= NDB:s are older, simpler NAVAIDs used to help aircraft determine their direction. The aircraft’s
ADF receiver picks up signals emitted by the NDB, helping pilots navigate to or from a specific
point. While their use has declined in favor of more accurate systems like GPS, NDBs are still
used in some areas for shorter-range navigation.

o TACAN (Tactical Air Navigation):

= TACAN is similar to VOR but is used primarily by military aircraft. It provides azimuth (bearing)
and distance information, aiding in precise navigation.

2. Satellite-Based Navigation:
e GPS (Global Positioning System):

o GPS is the most modern and widely used form of navigation. It relies on a network of satellites to provide
accurate position, velocity, and time data to aircraft. Pilots can use GPS to navigate along waypoints,
determine their location, and guide aircraft along predefined routes (flight paths). GPS is integrated with many
other navigation systems and is critical for modern flight operations.

e GNSS (Global Navigation Satellite System):

o GNSS is a broader term that includes GPS, as well as other satellite systems such as Russia’s GLONASS, Europe's
Galileo, and China's BeiDou. GNSS provides a global framework for positioning, and it’s increasingly used in
aviation for en-route navigation, approaches, and precision landings.
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3. Advanced NAVAIDs and Air Traffic Management:

e ADS-B (Automatic Dependent Surveillance—Broadcast):

o ADS-B is an advanced system that provides precise, real-time aircraft position data by transmitting information
from the aircraft to ATC and other aircraft. It uses GPS data to broadcast an aircraft’s position, speed, and altitude,
helping both ATC and other pilots see the aircraft’s location in near real-time, improving situational awareness.

e RNAV (Area Navigation):

o RNAV systems allow aircraft to fly directly between two points (waypoints) rather than following a traditional
route along VORs or airways. This reduces flight time, fuel consumption, and congestion in busy airspace. RNAV
is used for both en-route navigation and instrument approaches.

e RNP (Required Navigation Performance):

o RNP is a more advanced form of RNAV that specifies the accuracy required for a flight path. It is especially
important for precision approaches and efficient use of airspace in areas with complex terrain or high traffic.

Control process

The air traffic control (ATc) process involves the systematic coordination of aircraft movements within different sections of
airspace, from takeoff to landing, to ensure safety, efficiency, and smooth operations. The control process is vital to preventing
collisions, minimizing delays, and managing traffic flow in highly regulated and complex airspace systems. This process is carried
out by a network of air traffic controllers working at different levels of the aviation system, from airport ground control to en-
route sectors.

1. Pre-Flight Planning and Coordination
Before an aircraft even takes off, the air traffic control process begins with flight planning and coordination:
Flight Plan Filing:

e The airline or pilot files a flight plan with the relevant ATC authority, detailing the route, expected altitude, destination,
and alternate airports. This ensures that ATC is aware of the aircraft’s intended path and can prepare for any changes or
deviations.

Route Clearance:

e ATCreviews the flight plan and may issue clearances based on the available airways, traffic, and weather conditions. The
aircraft may receive specific altitudes, routes, and departure instructions.

e For international flights, ATC coordination happens between the relevant countries' authorities to ensure seamless
transitions through national borders.

Weather Consideration:

e ATC also communicates with meteorological agencies to obtain up-to-date weather information and informs the crew of
any potential hazards like turbulence, thunderstorms, or icing conditions.

2. Ground Control (Pre-Takeoff)
Once the aircraft is ready for departure, the ground control process takes over at the airport.
Ground Control Instructions:

e Ground controllers manage all aircraft movements on the runways, taxiways, and parking ramps before they take off.
Their responsibilities include:
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o Directing pushback from gates.

o Taxiing aircraft to the correct runway.
o Ensuring there is no interference or congestion on the taxiways and runways.
Clearance for Takeoff:
e The tower controller will communicate with the pilot to provide final instructions for takeoff, such as:
o Assigning a runway.
o Providing a takeoff clearance once the aircraft is in position.
o Ensuring no other aircraft are on the runway or interfering with the takeoff.
3. Departure and Initial Climb (Tower and Departure Control)
Once an aircraft has taken off, control shifts to the departure controllers who manage the climb out of the airport area:
Tower Control:

e The tower controller is responsible for controlling aircraft while they are still close to the airport and within the Terminal
Control Area (TCA) or Terminal Maneuvering Area (TMA).

e The controller ensures proper spacing between departing aircraft and may provide vectors to guide planes safely out of
the terminal area.

Departure Clearance:

e Once the aircraft reaches a certain altitude, the departure controller provides clearances for the next phase of flight.
This includes directions for the aircraft to follow airways or transition to en-route sectors managed by Area Control
Centers (ACC).

4. En-Route Phase (Area Control)

The en-route phase of flight occurs after the aircraft has climbed to cruising altitude, and it is handled by controllers at Area
Control Centers (ACC) or Area Control Services:

Area Control Services (ACC):

e ACC controllers manage large sections of airspace, often covering multiple hundreds of miles. They ensure safe
separation of aircraft traveling along assigned airways at higher altitudes (typically above 24,000 feet).

e Separation between aircraft in en-route airspace is maintained using radar and procedural separation, such as altitude
changes, to avoid conflicts.

e Hand-offs between different controllers occur as the aircraft crosses boundaries of different control centers.
Coordination Between Centers:

e As the aircraft approaches the boundary of one ACC sector and another, hand-off coordination occurs between
controllers. For example, an aircraft moving from Indian airspace to Sri Lankan airspace would be handed over from the
Indian ACC to the Sri Lankan ACC.

5. Approach and Descent (Approach Control)
As the aircraft nears its destination, approach control takes over to guide it safely into the terminal airspace:

Approach Control (TMA):
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e Approach controllers manage aircraft arriving at major airports within the Terminal Maneuvering Area (TMA), which
extends roughly 30-50 miles around the airport.

e The aircraft is typically handed off from the en-route sector of the ACC to approach control as it starts its descent.

e The approach controllers provide the aircraft with vectors (course adjustments) and instructions for descending to an
appropriate altitude for landing.

Sequencing and Spacing:

e Controllers ensure that aircraft are properly sequenced and spaced out as they approach the airport. They manage the
arrival of multiple aircraft, especially in busy airports, by assigning specific time slots or altitudes to prevent conflicts.

6. Landing (Tower Control)
When the aircraft is in the final stages of its flight, tower controllers manage its approach and landing:
Landing Clearance:

¢ Tower controllers at the airport clear the aircraft for landing. They provide landing instructions based on the airport’s
runway configuration, traffic flow, and current conditions.

Final Approach:

e Final approach controllers guide the aircraft as it aligns with the runway for landing. Aircraft follow a precise Instrument
Landing System (ILS) or visual approach, depending on weather conditions and the equipment available.

Separation from Other Aircraft:

e Tower controllers maintain safe separation between aircraft on final approach, especially when multiple flights are
landing in sequence. They also provide go-arounds if needed (e.g., if the runway is occupied or visibility is poor).

7. Post-Landing (Ground Control)
After the aircraft has landed, ground control takes over again to manage the aircraft on the ground:
Taxi Instructions:

e Ground controllers direct the aircraft to taxi to the gate or parking position after landing. This involves controlling
movements along taxiways, ensuring that there are no conflicts with other aircraft or vehicles.

De-icing and Other Services:

e If necessary, ground controllers may coordinate de-icing procedures or other support services (e.g., refueling, baggage
handling).

8. Air Traffic Control Communication and Technology

Throughout the entire process, communication plays a critical role in ensuring safety and efficiency. Air traffic controllers rely on
a combination of technologies to manage air traffic:

e Radar: To track the position of aircraft in real-time.
e Data-link Systems: To send and receive information between the aircraft and ATC.
e Satellite Navigation (GPS, ADS-B): To provide precise positioning and improve situational awareness.

e Automatic Dependent Surveillance-Broadcast (ADS-B): A system where aircraft broadcast their GPS position, which is
received by both ATC and other aircraft.

Control Process Flow Summary:
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Pre-flight: Flight planning, filing, and clearance from ATC.

Ground Control: Aircraft movements on the ground (pushback, taxiing, takeoff clearance).
Departure Control: Clearance for takeoff and initial climb, ensuring separation from other traffic.

En-route Control (ACC): Managing aircraft at cruising altitude, ensuring separation, and coordinating hand-offs between
sectors.

Approach Control: Sequencing, descent instructions, and final vectors for safe landing.

Tower Control: Final landing clearance and safe integration with ground traffic.

Ground Control (Post-landing): Directing aircraft to the gate, parking, and other services.
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