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	SUMMARY

	This paper provides operational information on the onboard aircraft use of GPWS/TAWS that forms a critical component of aircraft certification that is required by regulation to support normal flight operation.

	ACTION

	The meeting is requested to note the information and to provide additions or corrections to the paper. It is intended that this information will be submitted to ITU WP 5B November meeting to further the development of an ITU-R Proposed Draft New Recommendation on Radar Altimeters.

That meeting participants be aware of the regulatory requirements mandating GPWS/TAWS operation onboard aircraft, the operation of radio altimeters in the 4 200 – 4 400 MHz band, and the reliance on GPS availability for normal operation of TAWS.


1. INTRODUCTION

1.1 This working paper is a follow on contribution that is complimentary to WP-9 submitted to the previous WG-F/24 meeting in Paris that described the operation of Radio Altimeters onboard aircraft and described how they provide an accurate measurement of altitude or height of the aircraft above ground or terrain. This paper describes the interaction of radio altimeter input to GPWS/TAWS (Ground Proximity Warning System/Terrain Avoidance Warning System)
1.2 A basic ground proximity warning system (GPWS) onboard an aircraft provides an automatic and very distinctive aural warning to a flight crew when the aircraft is in close proximity to ground terrain, as specified in ICAO Annex 6 Chapter 6. 
1.3 An advanced ground proximity warning system is also known as TAWS (Terrain Avoidance Warning System) also sometimes called Enhanced GPWS provides distinctive aural warnings based on the level of ground proximity threat attained from its forward looking ground mapping capability.
1.4  From an aircraft certification perspective, inclusion of multiple radio altimeters in the aircraft avionics system configuration is mandatory. Radio altimeters form a critical element in providing direct input into the GPWS or TAWS in conjunction with other sensor data inputs.  
1.5 While the aircraft is on the ground there are system fault alerts that impact the aircraft certification, and ultimately the flight dispatch authorisation of the aircraft.  System faults are identified in the aircraft’s Master Minimum Equipment List (MMEL) where mandatory adherence by regulation applies to the systems on the aircraft. In most cases dispatch authorisation with inoperative radio altimeters, GPWS or TAWS can result in a “no dispatch authorisation” as required by regulation and the aircraft operators MMEL.  
2. discussion
2.1 Radio altimeters onboard an aircraft do not operate as an independent avionics component, they are integrated into the aircraft flight management computer systems and are also a critical input component to the Ground Proximity Warning System (GPWS) or Terrain Avoidance Warning System (TAWS). They are a critical component during low visibility operations and precision approach and landing phase of flight, as well as providing data input for the normal functioning of GPWS or TAWS when the aircraft is within close proximity to ground terrain. 
2.2 The basic GPWS requires primary input from the radio altimeter, supplemented by barometric altitude data and electronic guidance from instrument landing system (ILS). The basic GPWS is required to provide specific aural alerts when the aircraft is in hazardous proximity to ground terrain. Aural alerts would warn the flight crew of sink rate, ground proximity, altitude loss after take-off or go around, and downward deviation from the ILS glideslope. These aural warnings may be supplemented by visual display warnings and are required as specific in ICAO Annex Chapter 6. (Other regulatory and operational requirements also apply) The aural warnings are prioritized from Mode 1 to 6. The basic GPWS configuration does not have forward looking predictive terrain warning capability.

2.3 Enhanced GPWS or TAWS operates in the same manner as GPWS but has forward looking capability and predictive terrain warning awareness. TAWS has multiple inputs from a variety of sensors such as radio altimeter, baro-altitude, inertial reference unit, flight management system, GPS, and a geographical terrain mapping database from an onboard computer. Using data from the sensors, TAWS is capable in real time to compare the known geographic position and altitude of the aircraft against the internal terrain database computer to predict and display in advance any potential conflicts between the aircrafts flight path and ground terrain. TAWS has specific prioritization of the aural and visual display warning modes that are specified in ICAO Annex 10 Chapter 6.

2.4 Mandatory carriage of GPWS and TAWS onboard all turbine engine aircraft with a maximum take-off weight in excess of 5 700 kg is required by ICAO Annex 10 Chapter 6, Para 6.15 and JAR-OPS 1.665.
3.0
DESCRIPTION
3.1      In accordance with ICAO Annex 6 Chapter 6 basic GPWS provides time-critical alerts for potentially hazardous flight conditions involving imminent impact with the ground. GPWS is required to provide aural annunciations (Modes 1- 6) to assist the flight crew with immediate situational awareness of the aircraft’s height above the ground. In operating conditions were sudden change in altitude occurs, GPWS can announce windshear (Mode 7). 

GPWS requires inputs from the following for proper operation:

a) Air Data System (Barometric Altitude and static air temperature)
b) Inertial Reference Unit (Inertial Navigation Unit if installed).

c) Instrument Landing System.

d) Radio Altimeters.

GPWS immediate aural alerts are radio altitude based, and derived from the inputs provided to the system and are available from 30 ft and higher. The aural annunciation Modes are

1)        Excessive Descent Rate and Severe descent rate (Mode 1).
2)        Excessive terrain closure rate (Mode 2).

3)        Altitude loss after takeoff or go0around (Mode 3).

4)        Unsafe terrain clearance when not in the landing configuration (Mode 4)

5)        Excessive deviation below an ILS glideslope (Mode 5)

6)        Altitude callouts (Mode 6)

7)        Windshear callouts (Mode 7)

4
By comparison, Enhanced GPWS (or TAWS) provides predictive and timely forward looking alerts for potentially hazardous flight conditions involving terrain proximity and the potential for impact with the ground. EGPWS/TAWS is capable of monitoring terrain proximity that is generated from a world-wide terrain data base contained in the GPWS computer. Terrain can be displayed visually in the cockpit. The data-base contains detailed terrain mapping data near major airports as well as data in lesser detail for areas between airports.
4.1
Similar to basic GPWS, the same sensor inputs are required from the Air Data System (barometric altitude and static air temperature), IRS, ILS and Radio Altimeters to provide vertical data relative to the height of the aircraft above ground. In addition to the above sensor inputs EGPWS/TAWS requires the FMS (flight management system) and GPS. The horizontal position of the aircraft is derived from a combination of GPS position data, FMS and the onboard terrain database computer.

4.2
The EGPWS computer continuously computes clearance envelopes looking down and ahead of the aircraft. Based on the known airplane position derived from either IRS or GPS with the combination of the sensor data inputs from barometric altitude, present track, vertical path, and ground speed, an estimated time to impact can be calculated. Using the terrain database predictive forward looking capability, when the terrain clearance boundaries are crossed the EGPWS/TAWS issues aural and visual alerts. Alert levels, warnings or cautions, are all based on an estimated time to impact. Predictive look-ahead alerts will cause the EGPWS look-ahead awareness display to indicate the terrain in the immediate vicinity of the aircraft. The aural annunciation Modes are similar to basic GPWS with the addition of visual display warnings.

5.0

REGULATORY REQUIREMENTS

5.1

ICAO Annex 6 Chapter 6 specifies the mandatory carriage of GPWS with forward looking terrain functions for certain aircraft weight categories. In addition to this many State aviation regulators apply further requirements on the carriage of such equipment as it is directly related to airworthiness and certification requirements of an aircraft. 


ICAO Annex 6 Chapter 6 states;



All turbine-engined aeroplanes of a maximum certificated take-off mass in excess of 15 000 kg or authorized to carry more than 30 passengers shall be equipped with a ground proximity warning system which has a forward looking terrain avoidance function. (other paragraphs have similar provisions for different weight categories of aircraft)
5.2

In many States airspace classifications and requirements exist. For commercial transport aircraft to operate in certain airspace classifications it is mandatory to meet RNP (Required Navigation Performance) requirements. In the general sense a greater air traffic density is supported within a given airspace classification, requiring aircraft within that airspace to fully meet the RNP requirements. Thus, State regulations usually require as a minimum that aircraft have full GPS precision navigation capability.  
6
CONCLUSION

6.1
It can be seen that radio altimeters and GPWS/TAWS operating onboard aircraft support a very critical function in all phases of flight, whether it is enroute (because of the interaction with GPWS/TAWS) or precision approach and landing. Any disruption of normal radio altimeter operation that could arise from harmful interference from a non-aeronautical service operating in a portion of the 4 200 – 4 400 MHz band would be unacceptable.

6.2
Considering the reliance of EGPWS/TAWS on GPS position data to enable predictive forward looking terrain proximity awareness and it’s ability to provide timely aural and visual alerts to the flight crew of potential terrain impact, any loss or degradation of GPS availability would be very detrimental to flight safety.

ACTION BY THE MEETING


The ACP WG-F is invited to:

· Note the information in this paper and provide comments to improve or enhance any aspects of the contribution prior to it being submitted as a State contribution to ITU-R WP 5B with the intention of supporting development of the ITU-R PDNR on Radio Altimeters.
· To note the operational requirements of radio altimeters onboard aircraft and their interaction with GPWS/TAWS, their mandatory carriage by regulation, and also the high reliance on GPS position data to provide forward looking terrain avoidance prediction.
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