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In the contemporary aviation landscape, the ability to track aircraft in real-time has transitioned from an exclusive 

military and Air Traffic Control (ATC) capability to a democratized digital service accessible to anyone with an 

internet connection. At the forefront of this revolution is Flightradar24, a global flight tracking service that provides 

real-time information about thousands of aircraft around the world. This article provides an exhaustive technical 

analysis of the systems that power this infrastructure, focusing on Automatic Dependent Surveillance-Broadcast 

(ADS-B), the hardware components involved in signal reception, and the complex data processing pipelines

required to visualize global air traffic.

1. Theoretical Framework of Modern Flight Tracking

To understand how platforms like Flightradar24 operate, one must first grasp the shift from traditional Primary

Surveillance Radar (PSR) to modern digital surveillance methods. Traditional radar relies on the reflection of radio

waves off an aircraft's fuselage. In contrast, modern flight tracking is predominantly based on cooperative

surveillance technologies.

Automatic Dependent Surveillance-Broadcast (ADS-B)

ADS-B is the cornerstone of modern aviation surveillance. The acronym defines its core operational principles:

•  Automatic: It requires no pilot or external input to transmit information.

•  Dependent: It depends on data from the aircraft's navigation system (typically GPS).

•  Surveillance: It provides position, altitude, velocity, and identification data.

•  Broadcast: It continuously transmits this data to any receiver within range.

The system operates on a frequency of 1090 MHz(for the 1090 Extended Squitter) or 978 MHz (in the United

States for Universal Access Transceivers). The data packet transmitted by the aircraft includes its ICAO 24-bit

address, squawk code, latitude, longitude, barometric altitude, and heading.

Multilateration (MLAT)

For aircraft not yet equipped with ADS-B transponders—specifically older airframes or those using older Mode S 

transponders—Flightradar24 utilizes Multilateration (MLAT). This process calculates the position of an aircraft by 

measuring the Time Difference of Arrival (TDOA)of a signal at four or more separate ground-based receivers. By

knowing the precise location of the receivers and the exact time the signal was received (synchronized via GPS

clocks), the system can solve complex geometric equations to pinpoint the aircraft's 3D coordinates.

2. Technical Analysis of ADS-B Hardware and Receivers

The ground-based segment of the Flightradar24 network consists of tens of thousands of receivers. A significant 

portion of this network is comprised of community-hosted hardware, often identified by technical SKUs such as 

B01N6B68A4 (a common identifier for high-performance SDR kits used in flight tracking). These devices are 

typically based on Software Defined Radio (SDR) technology.



Core Components of a Tracking Station

1.  Antenna: Optimized for the 1090 MHz frequency. High-gain vertical colinear antennas are preferred to 

maximize the line-of-sight range, which can exceed 250 nautical miles under ideal conditions.

2.  Filter and Low-Noise Amplifier (LNA): Given that the 1090 MHz band is crowded, a high-pass or band-pass 

filter is essential to reduce interference from GSM and LTE signals. An LNA boosts weak signals from distant 

aircraft before they reach the receiver.

3.  SDR Dongle: Devices like the RTL2832U-based tuners (often referenced by the ASIN B01N6B68A4 in 

logistics) convert the analog radio frequency into digital IQ samples.

4.  Processor: Usually a low-power single-board computer (SBC) like a Raspberry Pi, which runs decoders such 

as dump1090 to translate binary Mode S frames into readable JSON or CSV data.

Comparison of Surveillance Technologies



Feature Primary Radar (PSR) Secondary Radar (SSR) ADS-B

Signal Source Reflected Pulse Transponder Reply Active Broadcast

Accuracy Low (Range-dependent) Medium High (GPS-based)

Update Rate 5-12 seconds 4-10 seconds 1-2 seconds

Cost of Ground Station Very High High Low

Information Richness Position only ID, Altitude ID, Position, Velocity, Intent

3. Data Processing and Algorithmic Integration

Once a receiver decodes a packet, the data is sent to Flightradar24’s central servers. This involves a massive-scale

ingestion architecture capable of handling millions of updates per second. The data pipeline involves several critical

stages:

The Ingestion Layer

Raw JSON data from diverse geographical locations is uploaded via encrypted TCP streams. The server must first 

perform de-duplication. Since multiple receivers often see the same aircraft, the system must determine which

data point is the most accurate based on signal strength (RSSI) and timestamp precision.

Geometric Validation

The system applies sanity checksto the incoming data. If an aircraft’s reported position implies a supersonic

speed (for a Cessna) or a sudden jump of 500 miles, the data point is flagged as an anomaly or spoofed signal and

discarded. This prevents "ghost aircraft" from appearing on the map due to multipath interference or malfunctioning

hardware.

Data Merging (Sensor Fusion)

Flightradar24 doesn't rely solely on ADS-B. It integrates data from:

•  FAA SWIM (System Wide Information Management): Provides radar data for North American airspace (often 

with a 5-minute delay for security).

•  FLARM: A low-power system used by gliders and light aircraft.

•  Satellite-based ADS-B: Utilizing constellations like Iridium NEXT to track aircraft over oceans where ground-

based receivers cannot reach.

4. Regional Case Study: Indonesia's Aviation Infrastructure

Indonesia presents a unique challenge for flight tracking due to its archipelagic geography and mountainous terrain. 

Key hubs like Yogyakarta Adisucipto International Airport (JOG/WAHH)require dense receiver networks to

overcome signal shading caused by volcanic topography.

Operational Challenges in the Indonesian Context

The tropical environment of Indonesia leads to high humidity and frequent thunderstorms, which can cause signal

attenuation. Furthermore, the expansion of the New Yogyakarta International Airport (YIA) has shifted traffic

patterns, requiring Flightradar24 to recalibrate its MLAT clusters in the region. The high density of traffic in the



Jakarta-Singapore corridor makes this one of the most data-intensive regions in the world for ADS-B monitoring.



Airport Code Airport Name Primary Coverage Type Receiver Density

CGK/WIII Soekarno-Hatta Intl ADS-B / MLAT / Radar High

DPS/WADD Ngurah Rai Intl ADS-B / Satellite Medium-High

JOG/WAHH Adisucipto Intl ADS-B / MLAT Medium

SUB/WARR Juanda Intl ADS-B / MLAT High

5. Implementation Guide: Deploying a Professional ADS-B Station

For organizations or technical enthusiasts looking to contribute to the global network and access professional-

grade data, following a standardized deployment procedure is vital.

Step-by-Step Installation Workflow

1.  Site Survey: Identify a location with a 360-degree unobstructed view of the horizon. Obstructions like tall 

buildings or trees significantly reduce the maximum range.

2.  Hardware Assembly: Connect the 1090 MHz antenna to a high-quality coaxial cable (e.g., LMR-400) to 

minimize signal loss. Connect the cable to the SDR dongle (B01N6B68A4 or similar).

3.  Software Configuration: Install a Linux-based OS on the SBC. Use the following command structure to install 

the tracking client: sudo bash -c "$(wget -O - https://repo-feed.flightradar24.com/install_fr24_rpi.sh)".

4.  Calibration: Adjust the Gain Settings. Setting the gain too high can saturate the receiver with noise, while 

setting it too low will result in missed detections of distant aircraft.

5.  Data Verification: Access the local web interface (usually port 8754) to monitor the number of aircraft tracked 

and the signal-to-noise ratio.

6. Troubleshooting and Operational Optimization

Maintaining a 24/7 flight tracking station involves addressing several common technical failure modes.

Common Issues and Solutions

•  Signal Interference: If the station is near a cellular tower, the 1090 MHz signal may be drowned out. Solution: 

Install a specialized SAW (Surface Acoustic Wave) filter between the antenna and the SDR.

•  Power Supply Instability: Raspberry Pi devices are sensitive to voltage drops. Solution: Use a dedicated 

5V/3A power supply and avoid powering the SDR through unpowered USB hubs.

•  Thermal Throttling: Decoding ADS-B data is CPU-intensive. In warm climates like Indonesia, the SDR and 

CPU can overheat. Solution: Use passive heat sinks and active cooling fans within the enclosure.

7. Future Trajectory of Flight Tracking Technology

The future of aviation surveillance is moving toward Space-Based ADS-B. By placing ADS-B receivers on Low

Earth Orbit (LEO) satellites, platforms like Flightradar24 can eliminate "black holes" in coverage over the Pacific

and Atlantic oceans. This provides a continuous, global 1-second update interval for every aircraft on the planet,

significantly enhancing search and rescue capabilities and fuel efficiency through more precise oceanic routing.

Furthermore, the integration of Artificial Intelligence (AI) and Machine Learning (ML)is beginning to play a role

in predictive analytics. By analyzing historical flight paths and real-time weather data, these systems can predict

Estimated Time of Arrivals (ETAs) with unprecedented accuracy, even in the face of significant holding patterns or



diversions. The technical synergy between ground-based hardware, satellite constellations, and advanced data

processing ensures that the aviation industry remains more transparent and safer than ever before.

As we continue to refine these systems, the role of the technical community in maintaining the ground-based

receiver network remains indispensable. Whether through professional installations at airports like Yogyakarta or

hobbyist setups in residential areas, every node in the network contributes to a more comprehensive and accurate

picture of our global skies.
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