
Abstract--- The paper presents aircraft collision avoidance 

system based on multiple navigation receivers. Generally, 

airplane collision is occurring in both places i.e. air and 

ground. The aircraft collisions are avoided by means 

gathering information from ground station by the pilot. 

Dynamic 4D Trajectory is introduced to supervise the aircraft 

visual path display and it apply automation backup system. 

The visual decision path is detected by using multiple 

navigation receivers and capability of this receiver is to 

process up to 10 navigation sources together. This obtained 

visual decision path (or) position of the aircraft is displayed in 

real time display. By FPGA technology, navigation receiver is 

designed and its visual scheme system increases situational 

awareness rather than increases pilot workload. 

Keywords--- Collision Avoidance, Cockpit display, Multiple 

Navigation, Safety Landing, and Vision based Position. 

I. INTRODUCTION 

Over the last 50 years, lack of demands in air transportation, 

will need efficient methods to ensure the airborne safety flight 

plan and resourceful landing. In 1956, Civil Aeronautics 

Administration Technical Development Centre(CAATDC) 

reported that, the general use of proximity warning devices 

would substantially reduces the steadily increasing the threat 

of mid-air collision due to not sufficient information for 

prevention [1] of a collision avoidance and most collision is 

occurred in terminal areas. In order to avoid the airborne 

collision, modern flight cockpit display design is required for 

alerting, messaging and monitoring dynamical changes in the 

environment to support the flight crew. According to 

innovative theory of Single European Sky ATM Research 

(SESAR) such Free Flight air traffic controller responsibilities 

connected with short term conflict resolution under dense 

airspace operations. One natural solution to this problem is to 

reduce some work of controller by delegating taking apart task 

to accurately prepared flight decks.  

 

On such properly equipped flight deck, discover real-time 

conflict and resolution methodology should be furnished as to 

help the pilot with immediate to short-term flight planning in 

dense and promptly changing [2] airspace environment. To 

support the pilots, systems and instruments on flight decks 

have been modified for performing flight tasks. Modern 

functions like 4D trajectory and navigation receiver system 
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provide collision avoidance on air and ground during flying 

and landing phases respectively. Navigation receiver is 

designed under Field Programmable Gate Array (FPGA) 

technologies, which provides a lateral positioning by modern 

Area Navigation (RNAV) method. 

 

The main purpose of this paper to reduce the workload of 

pilot and efficient safety. In aviation industry is improving for 

safety landing when flight flying under bad weather and poor 

visibility condition. Most collision occurred in terminal areas 

and it requires more accuracy since it is a crucial phase. The 

project’s   modern crew displays provide information help to 

identify the airspace environmental condition by 

understanding technology of dynamic 4D and Software 

Defined Navigation Receiver (SDNR) are improved 

situational awareness in order to avoid airborne and landing 

collision. [3] Federal Aviation Authority (FAA) announced 

“Zero Accident Policy” therefore all the airliners must have 

essentially perfect navigation source from take-off to landing 

aircraft. 

II. SYSTEM OVERVIEW 

Currently, the system identifies the location and tracks the 

progress of aircraft equipped with beacon transponders. There 

are three versions of TCAS system in some stage of 

development which are TCAS I, II and III. Specifically, in the 

mid-1990s Traffic Alert and Collision Avoidance System 

(TCAS) [2, 5] was introduced to prevent midair collisions 

between [3] aircraft. TCAS I, the simplest and less expensive 

system which was designed primarily for general aviation use. 

The system uses color coded dots to indicate which aircraft in 

the area fake a potential threat. This is referred as a Traffic 

Advisory (TA) to pilots. In TCAS II, Resolution Advisories 

(RA) is introduced to instruct pilots on how to avoid a conflict 

situation. The development of TCAS II version 7.1 was 

initiated by EUROCONTROL following the discovery of two 

safety issues with the current TCAS II version. Development 

was undertaken jointly by the RTCA in the United States and 

by EUROCAE (European Organization for Civil Aviation 

Equipment) in Europe with support and contributions from 

several other organizations, including major airlines and air 

navigation service providers (ANSPs). 

 

 In December 2011, the European Commission published an 

Implementing Rule mandating the carriage of ACAS II 

version 7.1 within European Union airspace earlier than the 

dates stipulated in International Civil Aviation Organization 

(ICAO).TCAS III version system same as TCAS II but will 

allow pilots who receive RAs to execute lateral deviations to 

avoid intruders. A system will be capable of transmitting the 

aircraft’s GPS position and velocity vector providing much 

more accurate because of directional antenna with Mode-S 

data link. 
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In 1980, glass cockpit is introduced as second generation 

flight cockpits. This new generation cockpit displays are 

primary displays, navigation displays, malfunction function 

displays and systems displays. In 2012, [3] FAA is trying to 

use Ground Base Augmentation System (GBAS) to support all 

flight phases including aircraft approach and landing. The 

project introduces Synthetic Vision Display (SVD) to provide 

efficient information around airspace for the flight crew. It 

significantly increases situational awareness for terrain, 

obstacles, traffic and outside world of aircrafts. These 

integration technologies are support Enhanced Vision Concept 

(EVO) to the flight deck for approach and landing operations. 

 

The navigation receiver comprises, the analog Radio 

Frequency (RF) bordered followed [4] by the Intermediate 

Frequency (IF) conversion, Analog to Digital Conversion 

(ADC) and the Digital Signal Process (DSP) part. This 

receiver is to process up to 10 navigation sources together. It 

is used to achieve precise and reliable estimation of an aircraft 

position by the navigation solution can profit from the higher 

number of independently measured data. This proposes system 

decision-support approach and it will provide TCAS with new 

capabilities such as lateral and speed based avoidance, 

improved surveillance tracking and safety landing. In the 

determined interfaces, the pilot gives full attention to the 

interaction to keep track of the labels and visited in the process 

of discovering the correct action sequence. 

III. SYSTEM DESIGN 

A. Collision Avoidance by Dynamic 4D Trajectory 

 

The proposal mission objectives to develop automation 

support to the flight crew for flight dangerous crash 

anticipation using “dynamic 4D trajectory management” with 

synthetic vision concept. The Flight Deck’s perspective is 

based on a fusion and stochastic dynamic airspace model and 

this composite model not only represents the uncertainties 

associated with sensed and received airspace traffic and intent 

information but also represents limitations associated with 

weather, terrain/obstacle and new conflict hazards. The system 

utilizes an underlying automation support system, which is 

connected to the on-board avionics. This enhanced awareness 

is coming from new Communication Navigation Surveillance 

(CNS) services, trajectory based operations and System Wide 

Information Management (SWIM) implementations. [5]. 

 
 

Figure 1: Dynamic 4D flight trajectory synthetic vision display concept 

 

The overall automation support system provides a) visual 

understanding of collision risk b) ensuring highly responsive 

and adaptive airborne collision avoidance like 

weather/obstacle/new conflict hazards c) solution for an 

approach to landing navigation system which distributes 

lateral and vertical trajectory [5] error correction “Dynamic 

4D trajectory” is future to allow, the pilots with substitute 

routes and synthetic vision displays is in real time, the flight 

crew with quantified and visual understanding of collision 

risks. 

 

While “flying” in real time communication is occurred 

with decision support system. This is direct comparison 

between pre-negotiated and pre-planned path to execute 

trajectories. Specifically, the pilot can in real-time ignore a 

generated solution, and can either choose to skip current 

trajectory advisory for checking alternative solutions, or 

modify the solution by ignoring [5] to follow the trajectory 

(augmented tunnel-in-the-sky). According to the current 

states, the support system re-plans trajectory solution on-the-

fly, if the flight plan is modified once through actual 

implementation .Dynamic 4D flight Trajectory shown (Figure 

1), which shows the designed transparent virtual layer which 

includes the no fly zone alert (red), terrain model (white-

transparent) and tunnel-in-the-sky guidance (green). This layer 

is augmented with real flight screen through head-up-display 

or flight goggles and it shown in (Figure 2).   

 

(a) Concept of Trajectory Based Operations (TBO) 

 

TBO requires that the trajectories be expressed in four 

dimensions (3 spatial and 1 time) = 4D with a very high 

precision, which is then carried over into actual execution of 

the trajectories. [7] The SESAR Concept of Operations for 

example talks about navigation accuracy improving to +/- 10 

seconds longitudinally. This very precise trajectory is then 

shared between all the partners concerned via System Wide 

Information Management (SWIM) resulting in common 

situational awareness and knowledge of the consequences of 

all interventions, end-to-end. It becomes possible to make 

decisions on required ATC interventions that take into account 

the need for minimizing the overall distortion to the trajectory. 

 

 In other words, detailed 4D trajectories enable both 

airspace users and the service providers to understand the 

impact of the trajectories on each other and the resources 

being made available so that constraints that need resolution 

can be addressed on a timely basis. Flying precise 4D 

trajectories and TBO does not mean a “planes on rails” 

scenario. TBO is flexible exactly because it is so predictable. 

The accurate trajectories enable precise planning and conflict 

resolution while predictability enables the early identification 

of the need for intervention. At the same time, the impact of 

interpositions can be easily evaluated and minimum impact 

solutions sought. 

 

 

 



(b) The benefits of TBO    

Precise management of trajectories dramatically reduces 

the volume of airspace needed for a given flight and this 

translates into more flights per unit of airspace on the one 

hand (increased capacity) and a reduced need for intervention 

with a given trajectory on the other, resulting in less deviation 

from the original intent of the airspace user. Even when an 

intervention becomes inevitable, this can be much smaller and 

of shorter duration than is the case in the legacy system.TBO 

also enables the introduction of much more powerful and 

effective queue management and separation assistance tools 

that reduce controller task load and hence the inherent 

capacity in TBO based airspace can be exploited even further. 

B. Vision Display in Cockpit 

 

Synthetic Vision System (SVS) is a computer-mediated 

reality system for aerial vehicles, that uses 3D to provide 

pilots with clear and intuitive means of understanding their 

flying environment and need to improve cockpit situation 

awareness to support piloting ever more complex aircraft, and 

pursued SVS (sometimes called pictorial format avionics) as 

an integrating technology for both manned and remotely 

piloted systems. Synthetic Vision provides situational 

awareness to the operators by using terrain, obstacle, geo-

political, hydrological and other databases. A typical SVS 

application uses a set of databases stored on board the aircraft, 

an image generator computer, and a display. Navigation 

solution is obtained through [7] the use of GPS and Inertial 

Reference Systems. 

 

 
Figure 2: Head-up/augmented actual synthetic vision display in cockpit 

 

The project conceptual design, the flight deck is equipped 

with two different synthetic vision displays. The first one 

display is head-up Synthetic Vision Display is shown in 

(figure 2). Synthetic vision is monochrome [8] on the HUD, 

using essentially the same imagery displayed on the full-color 

Fusion primary flight displays. The difference is that when 

looking through the HUD, the pilot can “see” the real world, 

including clouds, while also viewing synthetic-vision images 

and flight information in the HUD. So on a cloudy day, for 

example, the pilot can virtually see through the clouds to 

perceive features on [15] the ground such as buildings, lakes, 

runways and so forth. 

 

 A major challenge of current research work is to generate 

3D conformal symbology on a wide-field-of-view helmet 

mounted display [13] system. This should help to increase 

situational and mission awareness (SA). As helmet-mounted 

displays are concerned, several advantages have been stressed 

out in the past, including decreased scanning times between 

instrument information and outside scene, reduced visual 

accommodation, increased freedom in movement compared to 

head-up displays (HUD) and the possibility to depict 

conformal information [9] 

 

Further, 3D displays have been considered in the field of 

synthetic vision displays (SVS) for many years now. Thereby 

several human factors aspects have to be considered within the 

process of design and evaluation. Patterson (2007) provides a 

review of perceptional and human factors issues associated 

with 3D displays [10]. One major advantage of conformal 

symbology is that it facilitates the mental integration of 

information in the outside scene and the symbology presented 

[11]. This was found to provide a benefit regarding guidance 

and navigation as well as reduction of attention captures [12].  

 
In this head-up/augmented actual synthetic vision display 

in cockpit have various interfaces like Flight Indicators, Flight 

Variables, Vision Configuration, Traffic and Weather map, 

Trajectory decision, Traffic/Tunnel/Obstacle tracker and 

geographic data are in order to extend SA of the pilot over 

entire flight operation. The proposed design that operates 

using simulated in transparent projection. Response time of 

the input devices it allows the decision and the tasks to be 

directed to dynamic 4D trajectory synthetic vision display. 

 

 
 

Figure 3: Primary Synthetic vision display 

 

The second one display is a Primary Augmented 

Flight Screen (PAFS) is shown in (figure 3) and also known as 

“Integrated Primary Flight Display (IPFD) [14] of Synthetic 

Vision Display will be offered on multiple platforms. IPFD 

uses cues that pilots already understand to provide them with a 

VFR visual environment regardless of the time of day or 
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weather conditions. Combined Enhanced Ground Proximity 

Warning System (EGPWS) and advanced Head-Up Display 

(HUD) symbology provide pilots an unprecedented, coherent 

and continuous situational awareness of their flight path, 

terrain and navigational environment. IPFD is a tactical 

decision-making tool that helps the pilot make necessary 

short-term decisions needed during airborne. Interactive 

navigation (INAV) display which allows on –screen graphical 

flight planning. It is a strategic tool allowing the pilot to plan 

far in advance of events in flight plan. 

 

IPFD employs performance based on HUD symbology 

information. It helps the pilot understand in a very intuition 

way where the aircraft is going and makes the energy 

management of the airplane, especially during critical flight 

phases such as takeoffs and landings. In addition, the blending 

of symbology,[15] such as range rings and runway centre with 

terrain assures the pilot accurate distance information that’s 

easily interpreted. The IPFD enhances the EGPWS system by 

backing up decision links in the accident chain even further, 

giving a new larger margin of safety. 

 

C. Approach to Safety landing system 

 

The SDNR operation in the system of the approach-to-

landing navigation system is described. The basic principle of 

this operation is to use a hyperbolic Time Difference of Arrival 

(TDOA) system, which determines [4, 18] the position of the 

aircraft to minimize the future aircraft path error. These 

corrections are translated to the ILS/LOC modulation and are 

transmitted as ILS signals. 

 

(i) Software Defined Navigation Receiver (SDNR) 

 

  SDNR is a multiple navigation receiver and this signals 

immediately responses whether navigation signals become 

visible or invisible as well as receiver must scan its input 

continuously. The SDNR should point out a real list of the 

available navigation beacons without any additional effort by 

the flight crew, be supposed to provide navigation information 

results from an optimal processing of these sources. It 

presumes a real-time detection and tracking capability of the 

SDNR.  

 

Multisource VOR receiver is a primary pace of the SDNR 

designs, VOR stands for VHF Omni directional 

Range (VOR) and it uses frequencies in the Very High 

Frequency (VHF) band [17] from 108 to 117.95 MHz with a 

fine-tuning step of 50 kHz, which means 200 channels in a 10 

MHz bandwidth. Instrumental Landing System (ILS) [18] and 

VOR localizer signals are considered to process the system of 

the approach-to-landing navigation support with the frequency 

bandwidth of 10 MHz 

 

(ii) Multiple Receivers 

 

       A structure of the proposed SDNR system is shown in 

(Figure 4), which consists of an RF frontend, digitizer, and an 

FPGA device. Super- heterodyne receiver receives the 

transmitted signal and it feed to RF frontend. Intermediate 

Frequency (IF) works in between RF frontend and ADC and 

its available bandwidth is about 13 MHz [4]. FPGA device 

operated from 5 MHz to 15 MHz for digitizing the signal.                 

                                                                                                                                
                

                    
Figure 4:  SNDR Structure 

 

The input section of the signal processing implemented 

into the FPGA device is the filter bank. The filter bank 

consists of the narrow band filters for each of the channels 

which are developed as the particular element of the input [16, 

19] filter bank.  

 
 

(a) VOR/ILS Processing Channel 

 

       VOR and ILS signals consist of Amplitude Modulation 

(AM) and Frequency Modulation (FM) modulated sub-signals. 

AM and FM demodulators must follow after the filter bank. 

This part will track the carrier signal and synchronize it and its 

capability to [16] process up to 10 navigation sources together. 

Then, the navigation solution can profit from the higher 

number of independently measured data to achieve precise and 

reliable estimation of an aircraft position. 

 

(b) Time Difference of Arrival (TDOA) 

 

      The system is based on ILS system to establish navigation 

approach system. ILS channel will transmit the navigation 

information onboard of the landing aircraft or UAV equipped 

with the SDNR. The navigation information has a lateral and 

vertical error from the preferred trajectory. Model of 

hyperbolic curves shown in (Figure 5)  

 

 
Figure 5: TDOA hyperbolic position system 

 

The expected accuracy of the TDOA system is derived by 

assuming that the hyperbolic curves around the aircraft 
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position can be approximated with a specified set of parallel 

lines. The final position error is expressed according to [20] by 

the circle of equal probability (CEP) with a radius of: 

 

 
 

When c is the speed of light, b is the distance between ground-

based stations, h is the perpendicular distance of aircraft, and 

Δτ is the time difference measurement accuracy. Therefore, it 

varies with a different aircraft placement considering constant 

Δτ. TDOA accuracy is compared with ILS system since 

required high accuracy according to the ICAO 

IV.SYSTEM ADVANTAGES 

The designed visual support system is used to enhance 

situational awareness to pilot than workload. System display 

will show the entire flight significant together with terrain, 

traffic and weather condition. Flight crew easily will 

understand the collision risks visually by automation support 

system in real-time and directions. This system performances 

robustly and would not allow to crash the aircraft. Effective 

approach and landing navigation system is done by SDNR 

system operation and this navigation receiver determines the 

aircraft positions at present time. The recipient signals 

immediately responses whether navigation signals become 

visible or invisible. The main purpose of SDNR system is to 

reduce the number of components on the flight deck based on 

FPGA device.    

V. CONCLUSION 

       The first part of this paper designs the synthetic visual 

decision support system by avoidance using “dynamic 4D 

trajectory” for flight serious collision, which enhances 

situational awareness to the flight crew. The system is 

proposed to a) provide the pilots with alternative trajectories 

through  head-worn/augmented reality displays in real-time, b) 

provide the flight crew with quantified and visual 

understanding of collision risks in terms of time, directions, 

and countermeasures, and c) provide self-directed conflict 

resolution as an autopilot mode. The second part of the paper 

make known to a proposal of the software defined navigation 

receiver (SDNR) created on FPGA technology device. The 

navigation receiver must scan its input continuously and 

should react almost immediately when navigation signals 

appear or disappear. It considers an actual detection and 

tracking ability of the SDNR and an operation of the SDNR                                                                                           

in the system of the approach-to-landing navigation aid.  

VI. FUTURE ENHANCEMENT 

On a Boeing 737-NG FNPT II Flight Simulation with 

Synthetic Vision display is integrated on an automation 

support system by these algorithm and tools. SESAR and 

NextGen strategies will report new sky guidelines and 

functionalities for future cockpits to reduce the present 

limitations of TCAS. 
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