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Abstract 

Over the years, air traffic has continued to increase. The development of modern systems 

has made it possible to cope with this increase, whilst maintaining the necessary level of 

safety. The Traffic Alert and Collision Avoidance System (TCAS) has been developped to 

reduce the risk of mid-air collision and is currently mandated on all large transport aircraft 

This system is based on interrogations to determine the altitude and relative positions of 

nearby aircraft. Despite technical advances in ATC systems, there are cases when the 

separation provision fails due to a human or technical error. Any separation provision 

failures may result in an increased risk of a midair collision. These systems would generate a 

high rate of unnecessary alarms especially in dense terminal areas and pilots become 

stressed and wrong actions can be made. A new design of TCAS is investigated in this paper 

to compensate for any limitations of ATC performance and decrease the rate of unnecessary 

alerts. It is based on transmitting altitudes and GPS coordinates between aircraft 

transponders to determine the accurate positions and directions of movement of nearby 

aircraft.  

 
      Keywords: GPS coordinates; mode S transponder; Transmitting data; TCAS; Air Traffic 

Control. 

 

1. Introduction 

    The Traffic Alert and Collision Avoidance System (TCAS) [1] is an aircraft system based 

on secondary surveillance radar (SSR) [2] transponder signals which operates independently 

of ground based equipment to provide advices and information to the pilot on potential 

conflicting aircraft that are equipped with SSR transponders.  

The TCAS II is the current system commercially available that corresponds to the 

requirements for ACAS II. The current version of TCAS II is Version 7. This new version 

includes significant safety, operational and technical improvements comparing to previous 

version.  

    TCAS II interrogates and receives via the aircraft transponder Mode C and Mode S [3] 

messages. The interrogation rate is about 1Hz and the logic tests for a potential threat are 

based on difference of altitudes and relative position. Once an aircraft is detected by the 

TCAS and determined to be a potential threat, TCAS presents it to the pilot as a Traffic 

Advisory (TA). If the threat becomes imminent then TCAS II proposes an avoidance 

manoeuvre to the pilot in the vertical sense, this is called a Resolution Advisory (RA).  

    This paper aims to reduce some current TCAS weaknesses such as high rate of unnecessary 

alerts which disturb pilots and lead them to make unnecessary manoeuvres.  The positions of 

nearby aircraft presented by TCAS are relative and not accurate, they are provided by a 

directional antenna (four directions), and therefore one aircraft can be found in an angle of 90 

degrees, this is shown in Figure 1. Resolution Advisory in the horizontal sense and the 

direction of movement of other aircraft are not provided by the current TCAS. 
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Figure 1. Many Possible Positions and Directions for One Aircraft Shown by 
Current TCAS 

    The proposed system uses the ADS-B (Automatic Dependent Surveillance-Broadcast) [4-

5]; it can be used to improve the monitoring of traffic in domestic airspace. It should be noted 

here that this process is available and should be adopted worldwide for the data link ADS-B.  

    A global navigation system will help standardize procedures and displays in the cockpit. 

The ultimate goal is to improve the current systems and eliminate unnecessary alarms. It uses 

some SSR radar principles, for that some basic data are needed such as altitude (flight level) 

provided by the barometric systems aboard aircraft; the position of each plane provided by 

three satellites; the trajectory (direction) provided by two successive positions, and the ground 

speed calculated with the distance traveled during a definite time. The same technique is used 

by SSRs and we use this technique to perform our system.  

     This paper is organized as follows: Section 2 presents the data model and lists the 

assumptions and some preliminary notions; Section 3 presents the new system function; 

Section 4 presents the simulations and discussions and the last Section will be the conclusion. 

  

2. Data Model and Preliminary 

    Three levels of ACAS [1] have been described by International Civil Aviation 

Organization (ICAO): ACAS I, ACAS II and ACAS III.  

 ACAS I is an ACAS which provides information as an aid to “see and avoid” action 

but does not include the capability for generating Resolution Advisories (RAs).  

 ACAS II provides vertical resolution advisories (RAs) in addition to traffic advisories 

(TAs).  

 ACAS III is an ACAS which provides vertical and horizontal resolution advisories 

(RAs) in addition to traffic advisories (TAs).  

 ACAS X [6] represents a main revolution in how the advisory logic is generated and 

represented. It represents the logic using a numeric table that has been optimized with 

respect to models of the airspace. 

 

2.1. Technical Description of TCAS II  

    TCAS II consists of the Mode S transponder with a Control Panel, the TCAS computer unit 

which performs airspace surveillance; threat detection; avoidance manoeuvre determination 

and the generation of advisories [7]. 



International Journal of Control and Automation 

Vol. 8, No.4 (2015) 

 

 

Copyright ⓒ 2015 SERSC  159 

    The antennas used by TCAS II are a directional antenna that is mounted on the top of the 

aircraft and either an omni-directional or a directional antenna mounted on the bottom of the 

airplane.  

    These antennas transmit interrogations on 1030 MHz at varying power levels in each of 

four 90 degrees azimuth segments. These antennas also receive transponder replies, at 1090 

MHz, and send these replies to the TCAS computer.  

    Two more antennas are also required for the Mode S transponder. One antenna is mounted 

on the top of the aircraft and the other is mounted on the bottom. These antennas enable the 

Mode S transponder to receive interrogations at 1030 MHz and reply to the received 

interrogations at 1090 MHz. 

    Connection with the transponder (Mode S)  to coordinate resolution advisories, in case of 

all aircraft are equipped with TCAS II; connection with the alticoder  to obtain pressure 

altitude; Connection with the radar altimeter  in order to prevent wrong RAs when the aircraft 

is too close to the ground and determine if aircraft tracked by TCAS are on ground. 

 

2.2.  Reply Structure 

    A mode S structure response is pS (t) which has the form of pulses [8] of the mode S. 

According to the ICAO (International Civil Aviation Organization) requirements; it must 

meet the following constraints presented on Table 1: 

Table 1. Mode S Reply Structure 

Time (µs) t ≤ 0 0,1 ≤ t ≤ 0, 5 t ≥ 0,6 

pS(t) 0 1 0 

    All transmitted data are coded according to the following equations. The emission stream 

of bits consists of a preamble followed by bits of data. 

 
 112/5621 ,......,,,0,0,0,0,0,0,0,1,0,1,0,0,10,0,1

~
bbbb 

                                                               (1) 

    The preamble has to facilitate synchronization (detection of the beginning of a structure). 

The response signal emitted by the Mode S transponder is a pulse amplitude modulation and 

it has the following form: 
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    Where )(
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nb  is the n
th
 input and TS = 1μs is the period of Mode S. 

 

3. The New System Function 

    This system will certainly allow pilots to participate in new arrangements for collaboration 

with air traffic controllers, procedures that increase security and limit delays. This technology 

allows pilots to receive clear visibility in the surrounding air traffic, either in the air or 

ground. The new instrument combines the technology of air traffic ADS-B [4-5] to that of the 

TCAS collision avoidance. On board, the Mode S transponder transmits the following 

information: position; identification and flight level or altitude, but the course, speed and 

trajectory are calculated by the system according to the geographical coordinates, allowing 

the pilot to identify other aircraft equipped with transponders and to know accurately their 

positions and trajectories. The display allows pilots to bring out on their screens and other 

equipment to maintain a fixed distance. It also allows pilots to view a moving map extremely 

precise area of the airport, showing traffic conditions with the aircraft moving on the ground 
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or close to it. The goal is to give pilots the best possible information to make safe, fast and 

accurate decisions. 

 

3.1. Technical Description of  the  Proposed System 

    The antenna used by this system is the same of the transponder’s one. It is an 

omnidirectional antenna that is mounted on the top and on the bottom of the aircraft. The use 

of the directional antenna on the bottom of the aircraft is not needed. 

   The geographical coordinates of nearby aircraft are updated each second; the new and the 

previous position are used to show the direction of movement of each aircraft on TCAS 

screen. 

   The system geometry is shown in Figure 2 (b) and the distance between two points is given 

by the following formula [9] resulting from the spherical trigonometry: 

 

 gLLLLP BABA coscoscossinsincos60 1  

                                                                    (3) 

P is expressed in nautical miles (NM). 

The ground speed is given for each aircraft by the following formula: 

 


gLLLL
GS BABA coscoscossinsincos60 1 




                                                                  (4) 

The Convergence rate (Cr) is given by the following equation: 


1

 nn PP
Cr                                                                                                                        (5) 
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    Cr must be taken into consideration because it represents the approaching speed of one 

aircraft towards the others; it means that aircraft are face to face when it is high.   

Where τ represents the time between two successive points. 

 

 

 

 

 

 

 

 

                    

                                                                   (a) 

 

 

 

 

 

Bn+1 

Pn+1 
Pn 

Bn 

An An+1 τ 

 



International Journal of Control and Automation 

Vol. 8, No.4 (2015) 

 

 

Copyright ⓒ 2015 SERSC  161 

 

                  

 

 

 

 

 

(b) 

Figure 2. Distance and Earth Geometry 

    The goal is to determine the altitude, position, true course (TC) which is defined as a track 

of each aircraft in order to acquire all necessary data by sending interrogations and all aircraft 

entering this zone are identified by its mode S addresses. This is achieved by assigning to 

each aircraft a unique address. This address is composed of 24 bits. Its data are exchanged 

with all aircraft and also with ground stations. 

 

3.2. The Collision Avoidance Logic  

    The collision avoidance logic [10] or CAS (Collision Avoidance System) logic is based on 

two basic concepts: the sensitivity level and the warning distance. Although the CAS 

parameters are strictly defined, the complexity of collision avoidance logic makes prediction 

of exact behaviour in real time as shown in Figure 3. 

    The sensitivity level is a function of the altitude and defines the level of protection. The 

warning distance is mainly based, in our system, on the estimated distance-to-go (and not 

time-to-go) to the Closest Point of Approach (CPA). The warning time allows for additional 

range protection in case of low closure rates.  

    The CAS logic computes the closure rate of each target within surveillance range, in order 

to estimate the time in seconds to CPA, and the horizontal miss distance at CPA. 
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Figure 3. CAS Logic Functions 

    The required accuracy of location cannot be obtained from a single satellite. Therefore, a 

multiple coverage is required to locate a plane by triangulation and to ensure multiple 

visibilities from any point on earth which aims to implement the global navigation satellite. 

An aircraft must have a permanent visibility with a number of GPS satellites more than or 

equals to 4. 

    Each point (latitude and longitude) contains 19 digits coded on 76 bits transmitted in binary 

code that pulse has a duration of 23.75 µs 76 bits, it is modulated by differential phase DPSK 

(Differential Phase Shift Keying). The TCAS unit calculates the distance between it and the 

other aircraft, so all conflicting aircraft are displayed on a screen (only aircraft at ± 2000 feet 

are displayed). 

   The main problem of the ADS-B technique is this added verbosity of the extra information 

transmitted, which is considered unnecessary for collision avoidance purposes. The more data 

transmitted from one aircraft in accordance with the system design, the lesser the number of 

aircraft that can participate in the whole system, due to the fixed and limited channel data 

bandwidth (1 megabit/second with the 26/64 data bits to packet length bit capacity of the 

Mode S downlink data format packet). For every Mode S message of 64 bits, the overhead 

demands 8 for clock synchronic at the receiver and Mode S packet discovery, 6 for type of 

Mode S packet, 24 for who it came from. Since that leaves only 26 for information, multiple 

packets must be used to convey a single message.  

    This system represents a valid means for transmitting data on the frequencies 1030 MHz 

and 1090 MHz through very short time, so we will have several interrogations and answers in 

a second. It represents also the algorithmic foundations of the precise immediate trajectory 

reconstruction process [11] used to find reference position from transmitted measures. These 

positions will serve as a reference for the evaluation of the accuracy of CAS logic functions.  
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    These frequencies (1030 and 1090 MHz) are busy by interrogations and replies sequence 

provided by TCAS and several other critical systems including ground based radar, wide area 

multilateration operate independently but rely on the same RF channels as TCAS. To ensure 

good operation of these systems, it is important that each system does not prevent 

transmitting data of the other ones. Thus, it is necessary for each system to reduse its 

transmissions [12] to the shared communication channel. 

 

3.3. Resolution Algorithm and Priority 

    The following rules [10] take into account the maneuverability and the phase of flight of 

aircraft involved and the required vertical separation is not respected. We can establish three 

rules based on horizontal geometry. 

 Rule 1: “face to face” both aircraft have no priority, and have to give way and turn 

right to avoid conflict. This must be applied when the difference of route is between 

135 to 180 degrees. 

 Rule 2: If two aircraft have “ crossing ways”, the aircraft coming to see approaching 

aircraft at right hand side should turn left and the other should turn right to avoid 

conflict to the crossing. This has to be applied when the difference of route is 

between 15 to 135 degrees. 

 Rule 3: “Overtaking” the aircraft that is behind has to turn 15 degrees right to pass. 

This will be applied when the difference of route is between 0 to 15 degrees.  

 

3.4. Conflict Detection 

    Assume that the airspace is represented as a three dimensional Cartesian Coordinates 

System, the position and velocity for the ownership are: (L, G, Alt) and (Vox, Voy,Voz) and for 

the intruder are (Li, Gi, Alti) and (Vix, Viy,Viz) respectively. These terms are all time variant; 

the protected area in cylindrical column has R in radius with H in high as shown in Figure 4. 

When the intruder intercepts the protected area of ownership, it means a conflict threat. To 

avoid mid-air collision, after conflict detection, a resolution is necessary before it happens.  

    As long as the pilot can see the serrounding aircraft, we assume that the visuel sign starts 

when the conflicting traffic is at ±1200 feet and the audio alarm starts at ±950 feet insteed of 

±1200 feet, this will reduce alarms significantly and avoid unnecessary alarms especially in 

holding patterns. 

    In the current system the audio alarm starts at about 3 NM. We assume that horizontal 

conflict is detected as visuel announcement at R= 3 NM and audio alarm starts at r = 2 NM as 

shown in Figure 4. The reducing space is given by the following equation : 
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Where : 

SR : represents the original alert airspace 

Sr : represents the reduced alert airspace 

 

 

 



International Journal of Control and Automation 

Vol. 8, No.4 (2015) 

 

 

164   Copyright ⓒ 2015 SERSC 

 

 

 

 

 

 

 

 

 

 

Figure 4. Reducing Vertical and Horizontal Space 

   When we reduce the audio alarm distance by x=1 NM and the altitude till ±950 feet, the 

reducing space will be more than 54.5%; this means that  the unnecessary audio alarms will 

be decreased by : P= 0.545. 

 

4. Simulations and Discussions 

    In the TCAS simulations, METLAB 9 is used to test the proposed TA and RA algorithm 

using random flight data but they can be encountered in real situation. Consider the 

conflicting flights in Northeast sector of Algeria, vertical separation is applied in first priority, 

then horizontal separation is applied in second priority. All simulations are applicable for all 

aircraft type; at low and high altitude. 

    A high fidelity TCAS Surveillance Simulation has been developed over the last two 

decades to analyze the impact of changes to the TCAS surveillance algorithms. These aircraft 

tracks are typically derived from a ground based radar data source. The environment within 

the simulation operates  cycle, the position of each aircraft is updated according to the input 

dataset. Interrogation and reply sequences for each TCAS aircraft are then simulated. 

    Once a threat is detected, the first solution to be taken is vertical resolution to maintain 

vertical separation between aircraft. If not possible, horizontal resolution must be adopted as 

illustrated in Figure 5. Aircraft 1 and aircraft 2 are converging to conflict point; the avoiding 

action must be done following Rule 2. 
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Figure 5. Horizontal Resolution 

Some conflicts need both resolutions to solve the problem as shown in next simulations. 
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Figure 6. Vertical and Horizontal Resolution 

    Aircraft 1 was given clearance to climb to FL120 and aircraft 2 was given clearance to 

descend to FL090. As aircraft 1 and 2 approach the cleared level FL105 at a high vertical rate 

(and therefore threatening to bust the required separation) TCAS issues an RA to decrease 

vertical speed and aircraft 1 has to go right and continue climbing, The aircraft 2 has to go left 

and continue descending. 
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Figure 7. Aircraft Face to Face 

    Aircraft 1 was cleared to climb to FL110 and aircraft 2 was cleared to descend to FL070, 

both aircraft are flying face to face. As aircraft 1 and 2 approach the cleared level FL090 at a 

high vertical rate (and therefore threatening to bust the required separation) TCAS issues an 

RA to decrease vertical speed and both aircraft have to go right following rule 1, The aircraft 

2 continues descending to FL070 and aircraft 2 continues climbing to FL110.  
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Figure 8. Vertical then Horizontal Resolution 

    This encounter can involve three aircraft or more. Aircraft 1 was climbing to FL090 while 

aircraft 2 is maintaining altitude 8800 feet. If we have an aircraft at FL100, the only way to 

ovoid collision is the horizontal resolution, so TCAS guides the pilot of AC1 to the left with 
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adjust vertical speed and aircraft 2 to the right. Figure 8 shows how TCAS can provide 

guidance between two intruders handling multiple simultaneous RA’s. 

 

5. Conclusion 

    This TCAS vision has different performance capabilities and relies upon different 

surveillance systems from traditional TCAS aircraft. The main objective is to insure Self-

separation maneuvers which may require heading and speed changes. 

    Since future airspace may utilize reduced separation standards to increase efficiency. This 

procedure-specific functionality would allow alerting pilots and prevent interference from 

frequent unnecessary alerts 

    This service does not require infrastructure on the ground, just satellite constellation and 

transponders, The purpose of this work is to provide visual information using ADS-B satellite 

data link in cockpit. This allows pilots to make verification of the safe operation and the right 

maneuver and help them to operate safely with less stress especially in CTA (Control 

Terminal Area). In addition, this paper seeks to detect any anomalies in the safe operation of 

TCAS and to provide any information that will help their correction.  

   This paper suggests that this potential effectiveness of monitoring project be recommended 

by the ICAO for removing unnecessary TCAS resolution advisories. 
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