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ABSTRACT 

 

Automatic dependent surveillance-broadcast (ADS-B) is a surveillance system in which an 

aircraft transmits its flight parameters which are GPS coordinates, altitude and 

identification continuously to the air traffic control center (ATC) to enhance navigation 

safety. The objective of this study is to implement a ADS-B receiver system on a field 

programmable gate array (FPGA) which consists of four main modules: edge detection, 

preamble detection, data detection and error detection. Data flow graph (DFG) is used to 

analyse the algorithm before converting it into RTL notation. The resulting timing and 

functional analysis is presented and compared. Simulation result shows output is obtained 

after 0.1285 ms. The design utilized 686 out of 22,320 logic elements (LE). 
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INTRODUCTION 

Before ADS-B is introduced by Next Generation Air Transportation System (NextGen), 

the primary surveillance method to track aircraft is through Secondary Surveillance Radar 

(SSR)[1]. SSR system operates based on prior request by ground station (interrogator) and 

then a reply from the aircraft. Different from SSR, ADS-B signals is transmitted from 

aircraft continuously without any interrogation. ADS-B signals from aircraft to ground 

stations are transmitted at 1090MHz. ADS-B and Mode S reply signal consists of pulses at 

a 1 microsecond spacing. The ADS-B signal is modulated using pulse position modulation 

(PPM) with a data rate of 1Mbps. The information is encoded in time delay between pulses 

in a sequence of signal pulses.  

 

The aim of this paper is to implement a ADS-B receiver system on FPGA which can 

meet the International Civil Aviation Organization (ICAO) requirements. FPGA is best 

suited for hardware implementation of time sensitive application as FPGA is known for 

its high processing speed and low power consumption [2]. The data block consists of 

either 56 or 112 bits with a length of either 56 or 112 ms as shown in Figure 1. The 
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Preamble consists of an 8 µs data which contains four pulses of 0.5 µs per pulse. Data 

block consists of the Downlink Format (DF) field which is the first field of the ADS-B 

message, it is used as an indication of the type of message that is being transmitted. For 

extended squitter messages, it is set to 17 or (10001)2. The next field is the capability (CA) 

field or subtype field. This describes the specific data being transmitted by the ADS-B 

message and is set to binary (101)2 for all tests. Following the capability field is the 

aircraft's ID, 3 bytes data that contains the ICAO designation for each aircraft. Following 

the aircraft ID are the 56 bits of ADS-B data, containing information about the altitude, 

latitude, and longitude of the aircraft. Finally, the last field is the parity check, which is 24 

bits. The 24 bits field is reserved as an error detection code that can help a receiver to 

detect errors in the received message. 

  

 

 
Figure 1. ADS-B message format 

 

The proposed architecture for ADS-B receiver system is shown in Figure 2. At the start, 

the signal is captured by an ADS-B antenna. The analog signal is then converted into 

discrete time by the analog to digital converter (ADC). Next, the signal is stored into 3 bits 

shift register to detect for raising and falling edge. The shift register undergoes a preamble 

detection module to mark the start of the data. Then, after preamble detection, the data is 

fed into data detection module to convert it from binary pulse position modulated (BPPM) 

to binary stream. The binary data undergoes CRC check for error detection. Finally, the 

binary data is sent to pc via RS232 for further processing. 
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 Figure 2. Proposed architecture of ADS-B receiver system 
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MAIN RESULTS 

 

The proposed system is tested with real ADS-B signal captured by a software defined 

radio (SDR) device in Digital Signal Processing Laboratory, Universiti Teknologi 

Malaysia, Skudai, Malaysia. A stream of data that contains an ADS-B packet is 

captured and analyzed. The output of the system is shown in Figure 3. The ADS-B 

packet captured managed to be decoded into hexadecimal characters. The preamble 

started at 6.983369 µs and after 8 µs, the preamble ends and the data starts. As shown 

in Figure 3, the output ADS-B data in hexadecimal is obtained after 3.48516 µs after 

the end of the signal. It is known that the length of the data is 112 µs, therefore we can 

accurately measure the stop of the data. The resource usage summary of the FPGA 

reported the design utilized 3 % of the available LE, which is 686 out of 22,320. 

 

 
Figure 3. Output waveform of ADS-B receiver on FPGA 

 

 

CONCLUSION 

 

Implementation result shows the output is obtained after 3.48516 µs. The proposed 

system utilized 3 % of the available resources, 686 out of 22,320 LE. As the resources 

consumed is very small, the design can be further improved and developed for future 

work. 
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