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ABSTRACT:  This paper aims to familiarize communication, navigation and surveillance (CNS) systems presently being in use in civil aviation and as well as to emphasis the need of future air navigation system by discussing the potential drawbacks of the   present CNS system. The present flight data display system is presented.  Analysis and Short comings of present systems are discussed. Finally, a new system has been proposed which is in the process of implementation in India in the name of GAGAN.
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1. Introduction
Aviation is a very challenging task. An error of a few milliseconds or seconds can make a difference between safety and accidents. Modern aircraft can be flown to high altitudes with super speed. They are cruising approximately 175 feet per second. Every take off and landing is very much crucial for pilots and the information given to the pilot must be accurate and precise. The increase in the volume of air traffic necessitates the change of existing Communication Navigation and Surveillance (CNS) systems and opens up a window of research to develop the systems with new technology. 

The 10th air navigation conference (1991) recognized the importance of the new technology to be adapted and formed a special committee on Future Air Navigation System (FANS). In International Civil Aviation Organization (ICAO) future road map (reflected in DOC 9623, report of FANS (II)/4) for the implementation of new system recognized the importance of the satellite technology and satellite based systems to fulfill 
the requirement of the international civil aviation community. The committee concluded that the global navigation satellite system (GNSS) is an alternative for the present shortcomings of the CNS systems. Satellite based data exchange is the most suitable means for air- to- ground data interchange. The automatic dependent surveillance (ADS) position reporting through satellite communication with the integration of the ground based radar system known as Multilateration (MLAT) enriched and enhanced the safety of the Aircraft.

The Global Navigation Satellite System (GNSS) is a satellite navigation system which provide accurate, continuous, all weather navigation system with a capacity of three dimensional location of users. That has the capability of positioning and timing [1-5]
2. CNS System
 To ensure safety, regularity and efficiency of international civil aviation operations, an un- interrupted communication system is required. For the safe conducting of flights, the controlled flight shall be under the control of air traffic unit at any given time. Therefore many ground facilities and supporting services are needed for the safe and efficient operation of aircraft and are used for the three phases of a flight i.e. departure (including pre departure and climbing), en-route and terminal or destination.

The departure phase includes take-off and climbing maneuvers. The En-Route phase is flight on set course and set altitude. The terminal phase consists of descent from cruising altitude, arrival maneuvers and landing. The aircraft must be guided in all the phases of the flight. For this lot of CNS facilities have been erected on ground as well as in the cockpit of the aircraft. Some of the ground facilities are used by Air Traffic Controller (ATC) to control the traffic while some are directly utilized by the Pilot.
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Fig 1 A typical Air-to-Ground vice versa communication system

                               3 COMMUNICATIONS  
To cope up the present air traffic challenge, the failsafe air traffic communication is necessary to ensure the high integrity safety of the aircraft. The communication facilities are used for the exchange of information regarding the progress of flight.  The air traffic   communication must be support voice and data for uninterrupted communication Shown in Fig.1. For these two types of communication is in usage Viz Air- To- Ground and Ground- To – Ground [6, 7]
This section describes the different method of communications in use of civil aviation. The role of communication and its significance are also discussed. Section 3.1 explains Air-to-Ground Communication between pilot and controller through voice by the use of High Frequency (HF), Very High Frequency (VHF).  Data Link Mode of operation also discussed in this section. The use and operation of Ground-to-Ground Communication also discussed in section 3.2.
3.1   Air-To- Ground Communication
For air-to-ground, mainly for voice and data, Very High Frequency (VHF) radio is used within the line of sight range. High Frequency (HF) radio is used beyond the VHF coverage range. The air traffic information data is being exchanged between controller and pilot by a controller –pilot data link communication (CPDLC) network.  
3.1.1    Very High Frequency Radio/Telephone  

 The pilot in the aircraft will be in radio contact with at least one airport when he is progressing towards the destination. Pilots are continuously in touch with the controller from starting takeoff to landing. He may seek permission to start the engine of the aircraft, he may question the status of the navigational facilities or he wants to know the status of the traffic which he flown and he may require weather condition for higher level of flying. In all these conditions there should be a voice contact to the ground controller. Through VHF R/T the pilot will contact to the controller. The VHF frequency band 118-138 MHZ has been allocated ICAO for this purpose. The coverage range is limited to 200NM and separate frequencies are allocated each service. Viz. Aerodrome control, Approach control, Area control, surface movement control, Automatic terminal information service (ATIS), Emergency and search and rescue. 

3.1.2    High Frequency Radio/Telephony
  The HF R/T is used over the areas of oceanic where the VHF coverage is effective. Separate frequencies are used for domestic and international routes.

 3.1.3 Controller Pilot Data Link Communication (CPDLC)
  CPDLC is a means of communication between controller and pilot, using data link instead of   voice    for ATC communication. Data link communication will support direct controller-pilot communication, passing of Automatic Dependent Surveillance (ADS) data, and the implementation of a request/ reply data link flight information service to the aircraft. 

3.2    Ground-to-Ground communication
In Ground to Ground communication, both voice and data communications are provided for communication over ground between several interconnected Air Traffic Service (ATS) units. Intercoms for ATS units, hotlines for adjacent airports, VHF/UHF communication to communicate ground vehicles and personnel in operational area are getting connected through voice. Flight related messages like flight plan, departure messages, and estimated messages are shared with the airports, which are concerned, along with the air traffic aircraft agencies. All these messages exchanged through Aeronautical Fixed Telecommunication Network (AFTN) and Common ICAO Data Interchange Network (CIDN) for digital communication which are coming under the data communications. 

 3.2.1AeronauticalFixedTelecommunication               Network (AFTN):
The communication facilities are used for the exchange of message regarding the progress of flight. The messages like flight plan, departure, arrival, estimation are being transmitted through the AFTN. The AFTN is a message switching system that operates between air traffic service providers. The message is being relayed through AFTN between fixed points. The system works on store and forward principle. The messages from the source are collected and stored in the input queue which are analyzed by the computer system and transfer the message to an appropriate output.

3.2.2   Voice communication
 Direct speech circuits (DSC’S) are dedicated telephone circuits are connected to adjacent ATC centers. DSC works based on the principle of pick and talk. The information pertaining to the flight progress will be shared through this telephone without delay to the adjacent centers.

4. NAVIGATION
  The principle of air Navigation is to find where we are now and how to reach the destination. It is the process of determining the position of an aircraft over the earth surface which is associated with an electronic system to find the direction to guide the aircraft when it progress from one place to other.

    For safe and smooth flow of aircraft, the pilot of an aircraft is provided with various types of navigational signals for positional guidance in the space. Therefore, an aircraft should equip with airborne components for intercepting and well utilization of ground    based signals.

This section explains the navigation from Stone Age to satellite age. Section 4.2 covers primitive navigational methods. The well utilization of EM wave propagation is the basis of modern navigation system and it is the mile stone of present navigation. Section 4.3 describes various modern navigational methods presently being in usage. The outline of satellite based navigation is given in section 4.4.    
4.1 Types of Navigation
    Navigation systems can be classified in two types: Primitive and Modern. The Primitive method includes Visual, Celestial, Dead Reckoning and Inertial. These methods give position fix approximately. The modern navigation system consists of ground and satellite based systems. The modern navigation uses radio waves for position fixing [8, 9]
4.2 Primitive Navigation
There are four primitive methods which are given below.

4.2.1 Visual Navigation 

In this, the position fix on a map can be done by observing known visible land marks like Rivers, mountains, hills, railway lines etc. Ranging is based on distance measurement to land mark. However, this type of navigation is possible only if the visibility is in good condition.
4.2.2   Celestial Navigation 

In this approach , position fix can be done by measuring the angular position of celestial bodies such as stars/ planets, moon etc. the navigation measures the elevation of the celestial body with a sextant and note the precise time at which the measurement of celestial events allows for comparison of local times and hence determination of longitudes. The position of celestial bodies at various times are given in Almanac’s with two or three observations, the position of the aircraft can be obtained.

4.2.3 Dead Reckoning 

      Dead reckoning is the process of navigation by advancing the known position using course, speed, time and distance to be travelled. In this approach, the position of an aircraft at any instant is calculated from its previously determined position, the speed of its motion with respect to the earth along with the direction of motion and time elapsed. Direction of motion is provided by magnetic compass and speed by aircraft indicator.
 4.2.4    Inertial Navigation
Inertial Navigation Systems (INS) is electro mechanical systems that provide the altitude, velocity and position of any vehicle on which the systems are mounted. A set of three accelerometers on stable platform measure specific force acting in each of three orthogonal directions. INS have two specific components i.e. Gyros and accelerometers. Gyros/Gyroscopic provides information on the altitude or angular velocity of the vehicle with respect to the reference system. The accelerometer will sum all the internal acceleration. So that it gives a specific force.

4.3 Modern Navigation
The modern navigation system use EM wave for position fix. It consists of ground and satellite based navigation system. 
In ground based navigational equipments are set up on the ground to define the “Air ways”, which are fixed air routes or air channels, by radiating EM signals in various forms. These signals are received and intercepted by onboard electronic equipment and give position fix. 
The satellite based navigation well utilizes the satellite constellation which is presently in operation to fix the position of aircraft using     “Tri lateration” technique.  In this section we have discussed only ground based navigation system presently being in usage, due to the limitation of this work we haven’t discussed satellite based navigation system.  
4.3.1 Ground based Navigation system
By the use of electromagnetic (EM) wave propagation, the modern navigation system ‘fixes’ the position of aircraft. Navigation system which uses EM waves for transmission and reception are Non Directional Beacon (NDB), Doppler VHF Omni Range (DVOR), and Distance Measuring Equipment (DME). The EM waves are well utilized for landing aids like Instrument Landing System (ILS) & Micro wave Landing System (MLS). 

4.3.1.1    Non-Directional Beacon (NDB)
This is the one of the oldest radio navigational aids. It operates on Low Frequency (LF) /Mid Frequency (MF) range (190-535 KHZ). It radiates Radio Frequency signals Omni- directionally, the pilot in the aircraft tune the station frequency will automatically gets his ‘Bearing’ or ‘Home’ on ground  NDB station. Automatic direction finder (ADF) receiver in the cockpit will receive the signals and display his bearing visually. Each NDB is identified with two letters international Morse code which is keyed by 1020/400HZ modulation, continues carrier and gives pilot aural information.

     NDB’S are used for en route navigation. Low power NDB’S are used in conjunction with the ILS, called as locators when the traffic density is so high in busy airport, the pilot may be asked to hold or circle over NDB. The aircraft can ‘home’ in any direction on the coverage area of NDB by adjusting its heading towards the NDB.

4.3.1.2 Doppler VHF Omni Range (DVOR)
DVOR is used to provide aircraft with a magnetic course to be followed and   To/ From   information continuously and automatically once station frequency is selected. The system aids the pilot to flow from one airport to another. It operates in the frequency band 108 to 118 MHZ and provides separate radial course for each degree of azimuth i.e.360 0. It also gives continuous visual indication to the pilot of his magnetic bearing, To/From in a particular VOR station as shown in  Fig. 2. DVOR can be used as an En Route aid to regulate the air traffic in predetermined routes. DVOR/DME approach for landing is used when the DVOR is located on the extended centerline of the runway. Each DVOR can be uniquely identified with the help of 3 letter Morse code by keying of 1020HZ.
[image: image2.png]VOR BEACON

N7
<e:>




Fig 2 Principle of VOR system

It works on the principle of phase comparison of two 30HZ signals i.e. reference and variable. These are modulated with carrier signals (Station frequency). The reference signal has a constant phase on degree to degree basis for all angles of azimuth except at magnetic north where the variable phases are in phase with the reference phase. By comparing the phase difference of two 30HZ signals, the pilot on board can accurately measure his bearing with reference to the magnetic north.

The reference signal is 30HZ FM for conventional VOR (CVOR) where as in Doppler VOR (DVOR) the reference signal is 30HZ AM. The airborne VOR Receiver is compatible both the CVOR and DVOR. From the OBS knob in the Course Deviation Indicator (CDI) the pilot can select his desired radial. The selected radial and the available radial in the receiver are compared. If any deviation is occurred that will be identified through central bar position in CDI. If the central bar is in the right pilot has to fly to the right, if it is left he has to fly to the left. The pilot has to follow the “follow the needle” principle [10].
4.3.1.3 Distance measuring equipment (DME)
DME provides the pilot with visual information regarding his distance from a ground station along with the station identification. It works on the principle of secondary Radar and operates in the UHF band 960-1215MHZ. Based on power, DME can be classified as two types: High Power and Low Power. The high power DME is co located with the DVOR and constitutes the Rho-Theta navigation system. While the VOR provides azimuth information (Theta) to the pilot, the DME provides the distance information (Rho). So that the pilot receives continuous navigation fix relative to ground location. As a complement to VOR, DME provides precise navigation service in location where there is a high traffic density and proximity of routes. DME is used an alternative to ILS Marker Beacons, located near the runway, will give distance of the touchdown point of the runway. The system consists of two basic components i.e. Interrogator and Transponder. The Transponder in the ground station will responds to the interrogations from the airborne interrogator as shown in Fig. 3.  In the airborne receiver, the distance is calculated by measuring period between the time ‘Ti’ of transmission of an interrogator pulse pair and the time ‘Tr’ of the receiving the corresponding reply pulse pair, first deducing 50us as a station delay. Distance between the aircraft and the ground transponder is slant distance only. The actual ground distance can be calculated after making corrections for aircraft altitude [11]            
Each DME can be identified b3 letter Morse code which is keyed at 1350HZ.
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 Fig 3 DME principle operation
                                5 LANDING AIDS 
Every landing is precise and critical for pilots on aircraft. The experience and the number of flying hours will decide the ability of pilot. The landing of the aircraft can either visual or instrumental. When the pilots use the on board electronic instruments and navigational aids in ground then it is called Instrumental Approach whereas the pilot use to fly using land marks then it is Visual Approach. Further instrument approach is classified as Non-Precision and Precision Approaches.

Non-Precision approach: VOR, DME, NDB with and without DME, UN Augmented of Global Navigation Satellite System (GNSS) will consider the non-precision approaches.
Precision Approaches: Instrument Landing System (ILS), Microwave Landing System (MLS) and Augmented satellite navigation i.e Local Area Augmentation System (LAAS) / Ground Based Augmentation System (GBAS) will come under precision approaches. However, GNSS and LAAS/GBAS are not covered due to the limitations of this paper.
This section describes functional analysis of Instrument Landing System (ILS), Microwave Landing System (MLS) and its operational importance. Section 5.1 explains the operation of ILS and its associated components.  Section 5.2 gives categorization of ILS. The procedure adapted for ILS approach and landing is discussed in section5.3. The Qualitative treatment of MLS along the operational importance is given in section 5.4.  
5.1 Instrument landing system (ILS)
The ILS helps the pilot to land the aircraft in poor visibility condition in an electronic runway. The function of the ILS is to provide the PILOT or AUTO PILOT of landing aircraft with guidance to and along the surface of the runway. 
The ILS is a ground installation system, as shown in Fig. 4, situated near the runway, transmits coded signals in such a manner that the pilot can get information on position of the aircraft with respect to correct approach. To provide correct approach path information to the pilot, three different signals are required to be transmitted. The first signal gives the information to the pilot indicating the aircraft position relative to the centre line of the runway. The second signal gives the information indicating the aircraft position relative to the required angle of decent. The third signal provides distance information from some specified point. Azimuth, elevation and range from touchdown point are the three parameters essential for safe landing which are provided by three components of ILS; namely, localizer, glide path and beacons/DME [9,12]
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     Fig 4 Typical ILS Installations

5.1.1 Localizer
Localizer provides guidance to the pilot to align the aircraft to the centerline of the instrument runway when he approaches to landing. It operates in the VHF band 108-112 MHZ. Each station is identified with 3 letters Morse code which is keyed 10 times with the keying frequency 1020HZ and provide along with the course information. Localizer has two audio tones: 90HZ and 150 HZ. When an aircraft is approaching for landing, 150HZ  predominates on the right hand side which is known as BLUE ZONE and 90HZ predominates on the left hand side which is called as YELLOW ZONE. The system uses amplitude modulation (AM) and the airborne receiver will measure “Difference in Depth of Modulation (DDM)” to determine the aircraft position. When DDM=0, the aircraft is on centerline. If DDM exists, the pilot on aircraft must correct the position of aircraft until DDM=0 reaches.

5.1.2 Glide Path (GP)
 Glide path provides the glide angle in which the aircraft can approaches the touchdown point during landing. It operates on UHF band frequency between 328 to 336 MHZ. Audio tones 90HZ and 150 HZ are used to provide up and down indications. When an aircraft approaches for landing, 90HZ predominates above and 150HZ predominates below the GP. It also uses the DDM principle to give UP and Down indication. 

Fig 5 Horizontal guidance of ILS system (LLZ)
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  Fig 6 Vertical guidance of ILS system (GP)
5.1. 3 Marker Beacons

 Markers are the parts of the ILS. These are fixed at known locations along the extended centerline of the runway in the landing direction. The purpose of these markers is to provide a distance check and remainder to check the height of GP at these markers. These markers operate on 75MHZ and give a ‘FAN’ shaped beam. Pilots will get visual as well as aural indication while passing the markers. Wherever the provision of markers is not possible then Low Power DME is co-located with GP to provide continuous distance information.

In general, there are two marker beacons associated          with an ILS, the Outer Marker (OM) and Middle Marker (MM). Locations with a Category II ILS also have an Inner Marker (IM). When an aircraft passes over a marker, the pilot will receive the indications visually and aurally shown in Table 1. Locator also used for additional Guidance along with the markers.
5.1.3.1 Outer Marker (OM): OM normally indicates a position at which an aircraft at the appropriate altitude on the Localizer course will intercept the ILS glide path.

5.1.3.2 Middle Marker (MM): MM indicates a position approximately 3,500 feet from the landing threshold. This is also the position where an aircraft on the glide path will be at an altitude of approximately 200 feet above the elevation of the touchdown zone.

5.1.3.3   Inner Marker (IM): IM will indicate a point at which an aircraft is at a designated decision height (DH) on the glide path between the MM and landing threshold.

Table 1 COLOR and light codes of markers
	Marker
	Code
	Light

	OM
	-     -    -
	BLUE

	MM
	●  -  ● -
	AMBER

	IM
	● ● ● ●
	WHITE


5.1.4   Locater
Locater provides additional guidance information for aircraft beginning an ILS approach. These are low power NDB’s co-located with the markers and coverage range of only 25NM.

5.2   Categories of ILS

On the basis of visibility conditions and decision height or minimum decision altitude (MDA), the ILS is classified in to 3 categories which are shown in Table 2.
           Table: 2 ILS categories:
	Factors
	Non- Precision Approach
	CAT-I
	CAT-II
	CAT-III

	
	
	
	
	A       B    C

	DH or MDA

RVR

Accuracy

Integrity
	300 m  or 1000 ft

5Km or 16000ft

+8 m

10 sec
	200ft

1800 ft

4m 

5sec
	100ft

1200ft

1.3 m

2 sec
	0        0       0

700ft    150ft  0


The decision height is lowering when the category of the ILS is increasing. Therefore, better guidance will be available for higher categories of ILS with subject of geography and terrain conditions.

 5.3 Functional analysis of ILS approach and Landing

      As soon as departing from the last VOR station of the En-Route flight on desired radial after intercepting the Localizer course signal approximately 20 to 25 NM an ILS Procedure begin.  The ILS procedure will starts after transition from En-Route to final approach. The Aircraft intercepts the localizer course signal in set level, set altitude and distance that place the aircraft below the glide path approximately 10 to 15 NM. This is known as a stabilization of the aircraft on the localizer course signal before descent. 

    The pilot continues his flight level even though Glide Path reads out full scale fly-up. As the aircraft intercepts the Glide -Path sector, the indicator starts to move towards centre                      
and pilots make the necessary power and trim adjustment to give a rate of descent consistent with glide path angle.  The pilot will receive aural and visual indication of Outer Marker Beacon, when markers are used, once he reaches the centre of the glide path.  The pilot must note any significant deviation from prescribed value before starting descent. After ensuring all key elements are working normal then he starts to descent. At this stage pilot should have to check the availability of localizer by listening Morse Code of Localizer ident.

 In place of Markers the DME is in use the pilot has to check his distance by the use of DME. The pilot in aircraft will start to descend by keeping both localizers and glide path indicators centered.  The pilot must correct any deviation due to wind shear and turbulence during descent. 

   When the pilot made his aircraft to land in airport equipped with instrument Runway he should have the Minimum Decision Height (MDH) and Runway Visual Range (RVR) as per the Category which shown in Table 2. The pilot must have in view of approach lights, runway lights or markings of the runway by the time he reaches to minimum altitude( This also known as precision approach precision indicator in short PAPI  called).  If he reaches this decision height and does not have adequate visual reference, he must abort the approach and execute a missed approach procedure.

    The point where the localizer and Glide Path will intersects runway threshold is the “T” point from there the aircraft flares smoothly and touch down the runway threshold. After touchdown the speed of the aircraft will decelerate with minimum and enter Taxi way. For CAT-III, the guidance must be provided up to rollout, when the visibility is poor. To make the use runway to the next landing of the aircraft the guidance must be available under any conditions [12]. 
5.4   Microwave landing system (MLS)
 MLS components are ground based equipments defines a coordinates in space and the position of the aircraft is well defined in this reference frame with the range of 30 NM. MLS provides three coordinates i.e.  Azimuth angle, Elevation angle and distance from a reference point in the Airport shown in Fig. 6. These are provided by the ground based sub systems. To define the Azimuth position a forward subsystem located beyond the runway stop end on the extended centre line and radiating in the approach direction. For defining an elevation angle, the elevation subsystem is located on one side of the runway and radiating in the approach direction. To provide the distance information to the pilot onboard the DME is   co-located with the azimuth element.
In addition to the three guidance in the frame of reference coordinates it is also provides two guidance’s i.e.  Final landing guidance and Missed approach guidance. A flare subsystem located near the elevation element provides necessary information in the final landing prior to touch down.  Missed approach subsystem located ahead of the runway threshold and radiating towards the stop end provides guidance to the missed approach maneuvers.
5.4.1 Functions of MLS  
     MLS system derives four functions for providing necessary information to the pilot for his safe landing of aircraft.

5.4.1.1 Approach Azimuth 
 The transmitter transmits an angle and data on one of two 200 channels in the frequency range of 5031to 5091 MHZ. the 
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             Fig, 6 Microwave Landing Systems
System is located normally 1,000 feet beyond the stop end of the runway. The lateral information of this gives +/- 40 deg to the runway centerline.
5.4.1.2   Approach Elevation

 The elevation system transmits the signals on the same frequency as the Azimuth station. It is located about 400 feet from the side of the side of the runway between runway threshold and touchdown zone. It provides an elevation
 +/- 15 0  to at least 20 NM.

5.4.1.3   Range  

 To perform the ranging function the MLS   provides DME/P with improved accuracy provided by MLS Azimuth and Elevation stations.  It works with the same principle of navigation DME with some technical differences.
5.4.1.4 Data communication

 All MLS facilities transmit basic data wherever needed.  MLS data are transmitted through out the Azimuth coverage sectors.

6.    SURVEILLANCE SYSTEM

For conducting of flights and flight operations it is necessary that Air Traffic Controller Officer (ATCO) should have knowledge of the position of aircraft. Detection and keeping track of an aircrafts is referred as surveillance. In procedural control, the controller solely depends on position reports given by pilots. Due to inaccurate determination of his position, infrequent updates and error due to misunderstanding will affect the safety of the aircraft. By the use of surveillance, safety can be enhanced. It optimizes the airspace capacity and effective utilization of the airspace by reducing the separation minima’s between aircrafts. Surveillance technology broadly classified as two types:  Independent and Dependent.
In independent surveillance the position of the aircraft is being determined by ground electronic equipment with or without cooperation of on board electronic equipment. The system which does not utilize the cooperation of the on board electronic equipment of the aircraft is called as Primary Radar. 
The systems which utilize the cooperation of the onboard electronic equipment of the aircraft are called Secondary Radar. The primary and secondary radars come under the independent surveillance. Although the secondary radar need cooperation of on board electronic system to furnish replies to the interrogations from the ground installations but the position determination is processed by ground equipment.
 In Dependent surveillance system, the position of an aircraft is determined by onboard electronic equipment and down linked, through data link, to the ground for further processing and display it [13]
This section describes basic principle of Radar and different types of Radar. The functionality of Primary and Secondary Radar has been discussed along with the dependent surveillance system. Applications of Radar in Air traffic controlling are also discussed. 

In this section, the basic principle of surveillance system and types are discussed.  Section 6.1 explains principles and operation of primary and Secondary Radar systems. Different types of Secondary Surveillance Radars (SSR) and different modes are discussed. The application of Radar in ATC is discussed in 6.2. The objective and operation of Dependent Surveillance is discussed section 6.3. Different types of contracts in Automatic Dependent Surveillance (ADS) and their use are also discussed in this section.
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          Fig 7     Basic principles of Radar

6.1 Independent Surveillance System  

Radar provides the controller with an accurate, trustworthy on screen plan view of the aircraft position in real time. Controller no more depends on the position given by the pilot in procedural control. The required separation between aircraft 
for safe separation can be greatly reduced by the use of Radar. The controller can do the vectoring, terrain avoidance and make the use of safety nets.  Radar has the ability to measure distance with high accuracy in all weather.

6.1.1 Primary Radar
Primary surveillance Radar (PSR) transmits a high power signal, some of which is reflected by the aircraft back to the Radar. The time elapsed between the transmission and reception of the reflection will be measured in Radar shown in Fig. 7. The direction of the aircraft is the direction in which the narrow beam Radar antenna is facing. PSR does not provide the identity or altitude of an aircraft. But PSR does not require any active cooperation of the aircraft and doesn’t get saturated.

6.1.2   Secondary surveillance Radar (SSR)
Secondary surveillance provides ground based surveillance with appropriate fitted Mode ‘S’ equipment of both ground and aircraft will allows data link communication  
  The SSR system consists of two main elements: Ground based interrogator and an Aircraft Transponder. The Aircraft Transponder responds to interrogations from the ground station, enabling the aircrafts range and bearing from the ground station to be determined. 

The system has four modes of interrogation reply: Mode A, Mode C, Mode S and Inter Mode. If the ground station is Mode A/C ground stations then it will interrogate and receive replies only on Mode A/C. the ground station is Mode ‘S’ which can interrogate and receive replies on all modes. There are two classes of transponders: Mode A/C transponders, which can respond to Mode A, Mode C and Inter Mode interrogations only and Mode S transponders, which can respond to all modes. 

The SSR system can provide two categories of service viz Mode A/C and Mode S.
6.1.2.1 Mode A/C
 Mode A/C transponder provides identification (Mode A) and Altitude (Mode C) data in reply to its interrogations. Therefore in addition to range and bearing, the mode A/C systems request the aircraft to provide its identity and altitude.

6.1.2.2 Mode S
Mode S is an improvement of mode A/C. It includes all the functions of mode A/C in addition with the selectivity addressing aircraft. Mode S will also provide many aircraft parameters like heading, track, back angle and selected altitude to the Radar. It calculates the position, pressure, altitude data, flight identity and other data such as emergency flags which are provided by airborne sensors and data linked to the ground. SSR transmitted pulses on 1030MHZ and respond on 1090MHZ. 

The replies to all modes of interrogation can be used to determine aircraft position by measurement of the range and bearing of the reply.
6.1.3 Types of SSR

There are two types of SSR: Classical and Mono pulse
6.1.3.1   Classical SSR
The SSR system depends on the presence or absence of SSR transponder replies within the bandwidth. The SSR is suffers with detection errors and reply data decoding errors even though it is a great ATC tool. The problems occur because of mutual interference due to the usage of common frequencies.

6.1.3.2 Mono pulse SSR (MSSR)
  
The MSSR measures the angle of arrival of 
signal. The name arises from the ability to 
determine the angle of arrival from a single reply 
pulse. These techniques improve the Azimuth Accuracy, Resolution and less subject to Multi Path.
6.2 Use of Radar in ATC

Radars are used throughout the world for the purpose of safe controlling of air traffic. Aircraft as well as vehicular movement is monitored by means of high resolution Radar. It is also been used to guide the aircraft to a safe landing in bad weather.

6.2.1 Airport surface control

It is also known as Airport Surface Movement Indicator (ASMI) or Airport Surface Detection Equipment (ASDE). The primary radar will detect and regulate the movement of aircraft and other vehicles on the runway and taxiway. This will give precise picture on scope.

6.2.2 Airport surveillance Radar (ASR)
 It is also known as Terminal Approach Radar. It operates in the S-Band frequency and its maximum range is 60NM. It provides surveillance around the control area in busy airport. It continuously scans the airspace surrounding and used for terminal control.

6.2.3 Precision Approach Radar (PAR) 

PA Radar is designed to accurately determine the range from touchdown point, bearing with reference to extended center line of the runway and elevation with reference to the Glide Angle of the aircraft on the final approach to land. This is also used for estimate the performance of ILS.

6.2.4 Air Route Surveillance Radar (ARSR)
 This is a long range Radar with the coverage of 200-250NM. This is used to monitor traffic in the controlled area.

6.2.5 Mono Pulse Secondary Surveillance Radar (MSSR)
This is Secondary Radar. The aircraft carries a transponder which replies to suitably coded interrogations from ground station. Utilizing transponder signals, it will extract information regarding the call-sign, altitude, originating point, destination point of the aircraft. It operates on L-band and provides altitude and identification along with the range and Azimuth.

6.3 Dependent surveillance System

In Dependent surveillance system, the position of an aircraft is determined by onboard electronic equipment and down linked, through data link, to the ground for further processing and display it. Here the ground equipment doesn’t play any role to determine the position of aircraft. The Automatic Dependent Surveillance will come under this.
6.3.1 Automatic Dependent surveillance (ADS)

 The objective of the ADS is to provide surveillance in oceanic airspace and other airspaces where the Radar coverage cannot be provided. The on board ADS application is designed to give automatic position reports to the ground station via satellite link. Ground station receives the aircraft identification, four dimensional positions and other data via data link and feeds it to the display.

ADS service is provided on the basis of contracts. There are four types of contracts as follows.
6.3.1 Event Contract

 Whenever the aircraft changes its level, speed and heading from the assigned values during the en route, the on board ADS automatically generates position report and transmits to the ground station.

6.3.2 Periodic contract 

In this contract, the on board ADS application generates the report once in every 27 minutes to the ground station.

6.3.3 Demand contract
 Whenever the ground controller wants to know the position of the aircraft, a query is transmitted to aircraft. Then the aircraft will transmit its positioned information.

6.3.4 Emergency contract 

The aircraft sends the positional information when it is in emergency. During this time the frequency of sending the positional information is increased

    Every ADS reports contains four dimensional position of the aircraft latitude, longitude, altitude and time and an indication of the accuracy of the positional data information [14]
 7   Flight Data Processing System (FDPS)

FDPS receives data from the different sources which are used to provide positional information of an aircraft. The FDPS data base servers receives flight related messages from external sources and after processing it sends to the core FDPS application program. The FDPS application program will validate the information and sends to the controller work Station (CWS). The CWS receives the dynamic information from the data base servers and display the flight related information on real time basis in text form. The strip printers will automatically print the flight progress strips.

This section describes the operation and importance of flight data processing system to assist the controller for smooth and safer operation of aircraft. Various forms of input data sources and different colors used to distinguish the different source of information   are also discussed. 
7.1 Data sources

 Various forms of data sources are used as input of the FDP system.  Presently the following data sources are in use.

7.1.1 Aeronautical Message Switching System (AMSS) 

The positional information of the aircraft is estimated by validating the flight plan and departure message. Based on this, the estimated position of the aircraft is judged and projected in the display. The information is only estimation but not real.

7.1.2 High Frequency Radio Telephone:

 When the aircraft is on En-Route the pilot gives his positional reports through HF where the VHF coverage is not available. This position report in HF is given to FDPS as one of the input.

7.1.3 Automatic dependent Surveillance (ADS): 

The aircraft sends its positional information through data link to the ground station. This is the one of the input of the FDPS.

7.1.4 Radar Display Data:

The Radar display data is the actual information and       more accurate compared to other inputs. 

To distinguish the source of information for the particular aircraft in the display, flight positioned on FDPS is colored differently depending on their position information source. The different colors used in FDPS are shown in Table 3. 
Table 3 Different Colors in FDPS Display
	Color
	Source of flight data

	Green

Yellow

Blue

White
	Radar

ADS

FPL & DEP Message

HFRT


8   ANALYSIS OF navigational and surveillance aids 
For safe landing of an aircraft, the available signal in space (SOS) of Navigational aids must be accurate. The ICAO laid down standards to be followed. As per ANNEX-10 and DOC 8071 ‘Guiding Material’ the radio navigational aids used by the Aircraft shall be subject of periodic ground and flight tests. 

In this section, the performance and analysis of DVOR and ILS are discussed. Section 8.1 discuses the error analysis of Localizer. Ground test of DVOR is carried and analyzed with the post flight data in Section 8.2. Comparative table of surveillance system is given in section 8.3 

 8.1   Error analysis of Localizer-Ground Check
To check the performance of the ILS, it is mandatory to check the course structure of Localizer. It will be done by Flight inspection and ground check. The flight inspection will be carried periodically by the Flight inspection team. The ground check will be carried by the CNS engineers periodically.
   The experimental data was collected using field test receiver (Selex Make) for each degree from 00  to 15 0.  These measurements are compared with the flight calibrated data shown in Fig. 8(a). It indicates that no significant shift in centerline of the runway neither 150HZ nor 90HZ side. Though there is no significant shift observed in centre line shift there are some bends in localizer course structure due to reflection from buildings and roughness of surface. The DDM variation will cause the Course Deviation Indicator (CDI) of the aircraft receiver to show false indications.  
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Fig 8(a): Ground check graph of Localizer 09
  8.2   DVOR Error Analysis
The bearing error of DVOR is caused mainly six types of errors, namely, receiver indication error, polarization error, ground station error, vertical pattern effect, terrain effect and site effect. Among these, ground test for the ground station error is more appropriated and economical for immediate evaluation of the equipment. The ground check was carried in the month of May for Transmitter1 through Portable Maintenance Data Terminal (PMDT) and compared with the post flight ground result. The error spread is 0.98 and within the limit which is shown in Fig. 8(b)

Fig 8(b): Ground check graph of DVOR

The important parameters like range and accuracy of different navigational methods viz Primitive and Modern navigation is tabulated in Table 4. Among all the navigational methods satellite navigation is showing better performance comparatively than other methods.

8.3 Performance analysis of Surveillance:

The performance analysis of the surveillance is tabulated and shown in Table 5. Compared with the range and accuracy the ADS-B shows good performance among all.
TABLE 4 COMPARISON OF NAVIGATIONAL AIDS
	Type
	Accuracy
	Range

	Celestial

Triangulation

Loran C

Decca

VOR

TACAN

OMEGA

Transit
	-

Depends on range

60-300 feet 

90 feet by day,300 feet by night

600 feet

200 feet

2 to 4 NM

35 meters 
	Clear sky

1000 to 1500 miles 

1000 to 1500 miles

>100 miles 

>200 miles

>200 miles

World wide 

World wide                      


TABLE 5   Performance characters  
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9 SHORT Comings of Present CNS System

Even though, the present CNS system providing the aviation requirements but it has its own limitations. The following limitations are majorly affecting the performance of the present CNS system.
This section describes major shortcomings of present CNS system. The communication, Navigation and Surveillance systems limitations are discussed in section 6.1, 6.2, and 6.3 consecutively.

9.1 Communication
(i) Limitation of voice communication and the lack of digital air-to-ground data interchange.

  The present Air-to-Ground communication system is limited to voice only. In effective verbal communication is the major factor in many fatal accidents. Pilot read back error, controllers hear back error, and failure to use standard phraseology and improper radio telephony handling is the main communication problems due to voice.

(ii) Propagation limitation of current line of sight systems.

        VHF radio is limited to line of sight coverage

(iii) EM wave interference
  To handle the traffic effectively different position are created which in turn necessitate the use of bunch of frequencies. Even after taking utmost care there is unavoidable EM wave interference persists.

9.2 Navigation
(i) Coverage limitation
 (a) The present navigational aids cover only continental land area while larger areas over high seas and remote areas remain uncovered.

(b) The coverage of VOR/DME is limited to line of sight.

(ii) Siting problems: 
  The performance of VOR, DME and ILS system suffers from siting problems. Especially, the ILS is more prone for siting.

       9.3 Surveillance 

(i) Limitation of surveillance including non-equipped continental area, low altitude, non-continental areas, surface movements, silence cones, blind areas, antenna screening etc. This will result in the need for procedural control using voice position reports.
 (ii)   Radar garbling, Fruit and splitting

 (iii)   Un availability of aircraft derived data beyond the mode of    aircraft identification and altitude data.

(iv)   Lack of capability for fully support future airborne   situation and airport surface surveillance.

 10      FUTURE SCOPE 
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Fig 9 Future Air Navigation System

           The future Air Navigation System (FANS), shown in Fig. 9, will overcome of the short comings of present CNS system.  The present voice communication will shift to data. Satellite based data communication is the means of air-to-ground data interchange. Voice to be retained as a back up when complete data communication is used. In high density areas Mode-S data link be used.  Dedicated Satellite Communication Network (DSCN) will be provided at all major airports for Air-to- Ground and Ground -to- Ground communications. The use of remote controlled VHF i.e. Remote Controlled Air-to-Ground using satellite will improve the coverage problems. With the use of Aeronautical Telecommunication Network (ATN) which is also called ‘Aviation Internet’ various forms of data will be transmitted. Aeronautical Message Handling System (AMHS) will effectively handle the message than the existing AFTN. Satellite based Navigation system is the future Navigation System. The Required Navigation Performance (RNP), Performance Based Navigation (PBN) will be achieved through the use of Global Navigation Satellite System (GNSS). Satellite based navigation system is complimented with Flight Management System (FMS). Ground based navigation is retained as a backup for some time. GPS Aided Geo Augmented Navigation (GAGAN) is the Indian solution for future air Navigation. 

Radar would be continued as primary Surveillance equipment in high density traffic and terminal approach. Complete oceanic region under flight information regions are covered with ADS. Multilateration will enhance the coverage area of surveillance up to ground.

11. CONCLUSIONS

In this paper, we evaluated the performance of navigational aids of DVOR and Landing aid of Localizer. The experimental data of Localizer is collected through the field readings in the coverage area and analyzed course structure. The ground check of DVOR is carried through PMDT of the equipment and analyzed error spread and compared with the post flight data. Based on our experiments, we concluded that the beam formation of Localizer and DVOR is very much critical and site dependent.   To overcome the environmental effects on radiation pattern, an augmented GPS namely Wide Area Augmentation system (WAAS) can be used.   
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