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1. INTRODUCTION

Automatic Dependent Surveillance—Broadcast (ADS-B) is an air traffic surveillance system that enables
aircraft to automatically broadcast their position, velocity, and identification data through a 1090 MHz Extended
Squitter (1090ES) signal [1]-[4]. ADS-B consists of four key components: Automatic, meaning that information
is transmitted automatically (at least once per second); Dependent, because the transmission relies on the
aircraft’s onboard equipment to determine position and velocity [S]Surveillance, as the system allows continuous
monitoring of aircraft information; and Broadcast, since the data are openly transmitted and can be received by
other aircraft or ground stations equipped with ADS-B receivers [6][7]. Therefore, ADS-B can also be utilized
to detect and localize GNSS interference by monitoring changes in parameters such as the Navigation Integrity
Category (NIC) and Navigation Accuracy Category (NAC) [8][9]. Within this system, each aircraft is equipped
with a GNSS receiver that obtains satellite navigation signals to accurately compute its position. ADS-B operates
in two primary forms: ADS-B Out (Transmitter) and ADS-B In (Receiver) [10][11].

While Ground-Based ADS-B has been widely implemented, its coverage remains limited to terrestrial
infrastructure, leaving vast oceanic and remote areas unmonitored [12][13]. This limitation reduces situational
awareness and complicates search and rescue operations, as highlighted in several aircraft accidents occurring
outside radar coverage. The operational impact of these surveillance gaps has also been demonstrated in real-
world incidents. Ashton et al. [14] showed that the disappearance of Malaysia Airlines flight MH370 over remote
oceanic airspace underscored the constraints of radar and Ground-Based ADS-B coverage, reinforcing the global
need for continuous space-based surveillance.

To overcome these gaps, Space-Based ADS-B was developed, utilizing Low Earth Orbit (LEO)
satellites such as the Iridium NEXT constellation to provide continuous global surveillance [15]-[17]. In addition
to real-world operational cases, several simulation-based studies have demonstrated the technical challenges of
receiving ADS-B signals from Low Earth Orbit [18]-[20]. Van der Pryt and Vincent [21] simulated LEO ADS-
B reception and showed that message detectability is highly dependent on satellite altitude, antenna
characteristics, and link geometry. Their follow-up analysis of signal collisions over the North Atlantic [22]
highlighted the increased probability of packet overlap in high-density routes, stressing the importance of robust
spaceborne signal processing. Further validation was provided through the CanX-7 nanosatellite mission, where
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Vincent and Van der Pryt [23] demonstrated the feasibility of space-based ADS-B reception using small satellite
payloads, while also noting that orbital dynamics influence latency, update rate, and message completeness.

This innovation represents a major step toward achieving seamless global air traffic monitoring,
enabling near-real-time tracking even in previously unobservable regions [24]. One of the most critical
performance factors of Space-Based ADS-B is latency, defined as the time difference between when aircraft data
is generated and when it is displayed to Air Traffic Controllers (ATC) [25]. Latency directly affects the timeliness
and accuracy of surveillance information, and excessive delays may compromise operational safety. Ground-
Based ADS-B typically achieves latency between 1-2 seconds, while Space-Based ADS-B introduces more
complex transmission paths, creating potential for higher delays [26].

Latency is measured by comparing the timestamp transmitted from the aircraft with the time at which
the data is received by the Air Navigation Service Provider (ANSP) [27]. Overall, the average latency of Space-
Based ADS-B is approximately <1.5 seconds [28], which is higher than that of Ground-Based ADS-B (<0.5
seconds) due to the additional transmission stage from the satellite to the ground segment . However, to minimize
latency, the Aireon system is designed using Inter-Satellite Link (ISL) technology, which allows data to be
relayed from one satellite to another without waiting for a direct connection to a ground station. This architecture
enables Aireon to transmit ADS-B data to end users in less than 400 milliseconds, with an update interval of
under 8 seconds in 95% of cases, even in regions with high traffic density [29].

In the context of this research, QoS serves as a framework to assess how effectively the Space-Based
ADS-B system provides real-time aircraft position data, which generally considers parameters such as latency
(delay), jitter, packet loss, and throughput [30][31]. QoS measurement presented in this paper also refers to the
standards established by the European Telecommunications Standards Institute (ETSI) and the International
Telecommunication Union (ITU-T E.800), which classify latency as a primary indicator of end-to-end
communication performance [32]. However, despite these challenges, Space-Based ADS-B offers an
unprecedented opportunity to enhance global situational awareness and optimize airspace efficiency, making
latency assessment an essential metric for ensuring the technology’s operational readiness.

Several studies have explored various aspects of Space-Based ADS-B and latency performance. Baker
[27] discussed the overall architecture, performance, and reliability of Space-Based ADS-B, including its latency
characteristics, but did not assess QoS metrics in depth. Sirigu et al. [33] examined turbulence detection using
Aireon’s satellite-based ADS-B data, addressing latency analysis yet without linking it to QoS evaluation. Garcia
et al. [25] presented a compilation of measured ADS-B performance characteristics from Aireon’s on-orbit
testing, focusing on latency behavior but similarly omitting QoS considerations. Mr. Taruna Jaya et al. [34][35]
conducted a feasibility study of Space-Based ADS-B implementation in Indonesia, analyzing latency factors and
operational readiness but not within a QoS framework. Meanwhile, Pedersen et al. [35] investigated latency as
a QoS indicator in global cloud computing systems, providing theoretical grounding for latency-based QoS
evaluation but outside the aviation domain. Overall, prior studies have provided valuable insights into latency
performance and satellite-based surveillance reliability, yet none have comprehensively analyzed Space-Based
ADS-B latency through a QoS perspective. Although Space-Based ADS-B technology has been implemented
globally, a specific evaluation within the Jakarta and Makassar Flight Information Regions (FIRs) presents
unique challenges due to Indonesia’s archipelagic geographical characteristics and the high density of
transcontinental traffic on the Australia-Asia route.

Therefore, this study aims to evaluate the latency performance of Space-Based ADS-B within the
Jakarta and Makassar Flight Information Regions (FIRs) using a Quality of Service (QoS) perspective. This
research represents the first latency-focused assessment of space-based ADS-B operations in Indonesian airspace
that explicitly integrates international aviation surveillance standards (ICAO [36] , FAA [37], and EUROCAE
[28]) with telecommunication-based QoS metrics and service-level agreement (SLA) criteria.

The novelty of this study lies in three main contributions. First, it presents the first latency-focused
assessment of Space-Based ADS-B operations in Indonesian airspace. Second, it combines aviation surveillance
standards (ICAO, FAA, and EUROCAE) with a QoS-based analytical framework. Third, it highlights regulatory
and interpretative gaps between generic telecommunication-based QoS delay classifications and aviation-
specific surveillance performance requirements for satellite-based ADS-B systems.

2. RESEARCH METHODS
2.1 Research Flow

The methodology employed in this study adopts a descriptive—analytical approach based on quantitative
secondary data, with a focus on evaluating latency performance in Space-Based ADS-B systems. The research
flow is organized into four main stages, as illustrated in Figure 1.
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Figure 1. Research flow
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a. Requirement Analysis.

Defining performance requirements by referring to international surveillance standards, including
ICAO Doc 9924 [36], FAA 14 CFR §91.227 [37], and EUROCAE ED-129B [28]. Additional latency benchmark
considerations were reviewed from global studies on satellite-based surveillance and LEO communication delay
modelling.

b.  Data Collection.

The study uses secondary data from Aireon consisting of feasibility trial results in Indonesia and
technical presentations shared with Air Navigation Service Providers (ANSPs) [35]. Supporting documentation
from Aireon’s publicly available system descriptions and performance briefs was also consulted to confirm the
consistency of latency characteristics across LEO-based ADS-B operations [26]. Since Aireon does not provide
access to raw ADS-B message packets or timestamp-level data due to security and operational policy restrictions,
the dataset utilized for this analysis consists solely of processed latency outputs obtained from publicly released
technical documentation. Therefore, the analysis in this research is performed based on secondary, aggregated
performance results, rather than raw message-level measurements.

c.  Data Analysis.

Latency values were extracted from Aireon’s latency charts, which represent the time difference
between message reception at the Aireon Hosted Payload (AHP) and delivery to the Service Delivery Point
(SDP). This approach aligns with standard latency-assessment practices in ADS-B system performance studies
[27]. Furthermore, literature discussing LEO satellite detection behaviour—such as the influence of multi-
beamforming, signal collision probability, and receiver sampling efficiency—was reviewed conceptually to
contextualize factors that may contribute to message acquisition timing in space-based ADS-B systems [38].

d.  Evaluation and Interpretation.

Latency results were evaluated against international benchmarks defined by ICAO Doc 9924 [36], FAA
14 CFR §91.227 [37], and EUROCAE ED-129B [28]. The interpretation also incorporates a QoS perspective
focused on delay [32], referring to frameworks commonly used in communication network performance analysis
[30][31]. In addition, evaluation criteria include Aireon’s SLA, which sets limits for maximum allowable
latency, update probability, and service availability.

2.2 Data Source

The evaluation presented in this study is based on secondary data derived from publicly released
technical documents and publications provided by Aireon, the operator of a Low Earth Orbit (LEO) satellite—
based ADS-B service [26]. These documents include technical presentations and trial reports delivered in
seminars and shared with Air Navigation Service Providers (ANSPs), particularly regarding implementation
trials conducted in the Jakarta and Makassar FIRs in 2021 [34]. In addition, peer-reviewed journal articles
reporting or discussing these trials are used as supporting references. Collectively, these materials provide
aggregated latency performance results that form the basis of the Space-Based ADS-B evaluation presented in
this paper.

a.  Aireon Documentation.

Publicly released technical presentations, feasibility study materials, and Service Delivery Point (SDP)
performance reports contain aggregated results related to latency, update interval, and service availability for
Space-Based ADS-B operations within the Jakarta and Makassar FIRs. The observation period referenced in
these materials spans from April to December 2021, corresponding to the stable operational phase of the
Indonesian feasibility trial.

All latency curves, update-interval histograms, and long-gap distributions analyzed in this research are
digitally reconstructed from figures and charts contained in the published feasibility study materials. No raw
packet-level measurements or timestamp-based calculations are performed by the authors, as Aireon does not
provide access to raw ADS-B message packets or timestamp fields due to security and operational data policy
restrictions. The reconstruction process is intended solely to enable comparative analysis against international
performance benchmarks and does not alter the original reported latency distributions.

b. International Standards.

ICAO Doc 9924 (ADS-B Implementation and Operations Guidance) [36][39], FAA 14 CFR §91.227
(ADS-B Out Performance Requirements) [37], and EUROCAE ED-129B (Technical Specification for Mode S
Extended Squitter ADS-B) [28] provide the regulatory thresholds that serve as the primary benchmarks for this
analysis.

2.3 Analytical Framework

The analytical framework applied in this study is based on a QoS perspective [40], with latency (delay)
serving as the primary performance parameter. Latency is generally defined as the time difference between the
generation of aircraft position data and its reception by Air Traffic Controllers (ATC). However, within the scope
of Space-Based ADS-B and the available dataset, latency is specifically defined as the interval between the
reception of an ADS-B message by the satellite hosted payload and the delivery of the corresponding surveillance
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report to the Service Delivery Point (SDP) [25]. This definition reflects the operational latency segment that can
be consistently evaluated using the aggregated performance indicators reported by Aireon.

In operational surveillance systems, latency is typically measured using message-level timestamps.
Nevertheless, due to the unavailability of raw timestamp data under Aireon’s data access policy, the present
analysis evaluates latency based on aggregated latency distributions reported in the Feasibility Study and SDP
Performance Reports [27]. These reported indicators provide a representative measure of end-to-end system
delay from the satellite reception stage to service delivery.

To support a QoS-based interpretation, delay performance is classified using reference categories
adapted from the European Telecommunications Standards Institute (ETSI) [41]. According to this framework,
delay performance can be grouped into four qualitative categories: very satisfactory, satisfactory, unsatisfactory,
and poor. The adopted delay classification ranges used for analytical interpretation in this study are summarized
in Table 1 [42]. It should be noted that these categories are employed as an analytical reference to contextualize
latency behavior and do not represent a formal compliance assessment against ETSI standards.

Table 1. QoS delay categories

Category Delay Range Index
Very Satisfactory <150 ms 4
Satisfactory 150 — 300 ms 3
Unsatisfactory 300 — 450 ms 2
Poor >450 ms 1

The deployment of Low Earth Orbit (LEO) satellite constellations, such as Iridium NEXT, significantly
reduces signal propagation delay between aircraft, satellites, and ground infrastructure, thereby improving data
timeliness in oceanic and remote airspace [43]. Nevertheless, overall latency is also affected by processing and
transmission paths, which can influence the accuracy and timeliness of surveillance information.

Previous studies have shown that message acquisition timing in space-based ADS-B systems is also
influenced by update-interval behavior and message reception probability. Similar principles are observed in
other space-based surveillance applications, where detection probability is regarded as a key indicator of
reception performance [44]. Variations in GNSS positioning performance and satellite reception dynamics may
therefore indirectly affect the temporal characteristics of ADS-B message delivery [45]-[47]. While these factors
are not explicitly isolated in the present analysis, they provide important contextual background for interpreting
latency behavior in LEO-based ADS-B systems.

Optimization research on digital multi-beamforming demonstrated that the update interval can be
minimized while maintaining a 95% update probability under full-coverage constraints, indicating that antenna-
level signal processing plays an important role in ensuring consistent data delivery in LEO-based surveillance
systems [48]. Beyond antenna-level optimization, satellite demonstration missions have also provided empirical
insights into update-interval behaviour. In-orbit experiments such as the GOMX-3 mission reported variations
in message update rates driven by orbital geometry, receiver sampling windows, and aircraft density, showing
that latency and update probabilities are influenced not only by propagation factors but also by satellite motion
and payload reception dynamics [49].

Observed latency values are then evaluated against international benchmarks—ICAO Doc 9924 [36],
FAA 14 CFR §91.227 [37], and EUROCAE ED-129B [28]. To provide an additional regulatory benchmark,
Aireon’s SLA specifies three key performance metrics, as illustrated in Figure 2.

a.  service availability > 99.9%,
b. latency < 2.0 s (99th percentile), and
c.  update probability > 96% within the required update interval.

Service Level Agreement (SLA): Data Services

Performance Metrics

+ [CUSTOMER]_Aireon001: Service Volume Availability of = 99.9% in accordance with
the ICAQ Global Operational Data Link Document (GOLD) as set forth in the RSP
Specification, Appendix C, Table C-3
[CUSTOMER]_Aireon002: Latency s 2.0s (99th percentile) in accordance with the
EUROCONTROL Safety & Performance Requirements Document for a Generic
Surveillance System Support Air Traffic Control Services (GEN-SUR SPR. VOLUME
1) as set forth in Section 3.7.3.1.5 (ATC SUR Processing + SUR Distribute) SPR 9
and Table 33
[CUSTOMER]_Aireon003: Probability of Update = 96% for an Update Interval of [X]
seconds in accordance with [STANDARD]; as set forth in [CITATION]

Figure 2. Aireon SLA performance metrics for data services


http://avitec.itda.ac.id/

Anastasia Tiara Andini Yuanita, et. al.: Space-Based ADS-B Latency Evaluation ... . 143

These SLA parameters are used as complementary references to international standards such as ICAO
Doc 9924, FAA 14 CFR §91.227, and EUROCAE ED-129B by providing quantitative service-level thresholds
for evaluating Space-Based ADS-B performance [31]. This analytical framework enables a structured evaluation
of latency performance and supports comparison with both international regulatory requirements and contractual
service-level expectations.

2.4 Limitations of the Study

It should be noted that the latency results presented in this study are derived from aggregated secondary
data obtained from publicly available Aireon documentation. Due to data access restrictions, raw ADS-B
message packets and timestamp-level measurements are not available for independent verification.
Consequently, potential confounding factors such as aircraft avionics performance, onboard processing delay,
ground ATC system latency, traffic density, and ionospheric conditions are not individually isolated in this
analysis. These factors may influence end-to-end latency and are therefore acknowledged as limitations of the
present study.

3. RESULTS AND DISCUSSION
3.1 Latency Performance Results

Based on publicly released technical documentation and performance presentations provided by Aireon,
the global deployment of Space-Based Automatic Dependent Surveillance—Broadcast (ADS-B) demonstrates a
consistently stable latency profile across multiple Flight Information Regions (FIRs). As the present study relies
on secondary data sources, access to raw ADS-B message packets, message-level timestamps, and record counts
is not available due to data policy restrictions. Consequently, the latency figures presented in this section are
reconstructed from official Aireon performance charts contained in feasibility study materials and technical
briefings.

Figure 3 illustrates the global latency distribution derived from the technical presentation “Aireon
Space-Based ADS-B Implementation and Operation” delivered at the Bangkok Seminar on November 5, 2018
[31]. The distribution covers several FIRs, including Roma, Shanwick Oceanic Control Area (OCA),
Kebenhavn, Shannon, and Edmonton. The reported results indicate a mean latency of 226 ms, with 95th and
99th percentile values of 312 ms and 345 ms, respectively. These figures imply that more than 99% of
surveillance reports are delivered within 0.35 seconds, demonstrating highly time-consistent performance across
geographically diverse regions. From an operational perspective, this global latency performance is significantly
lower than the maximum latency limits specified in EUROCAE ED-129B for ADS-B surveillance applications.
Although ED-129B was originally developed with ground-based ADS-B systems in mind and does not explicitly
define requirements for space-based implementations, the observed latency margins suggest that Space-Based
ADS-B comfortably satisfies real-time surveillance expectations under existing regulatory interpretations.
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Figure 3. Global space-based ADS-B latency distribution across selected FIRs

Building upon this global benchmark, an evaluation was conducted to assess system performance within
Indonesia’s airspace, focusing on the Jakarta and Ujung Pandang (Makassar) FIRs. These evaluations are based
on feasibility trials conducted in 2021 to assess system behavior under regional operational conditions
characterized by dense traffic flows and extensive oceanic coverage. The data presented in Figures 4 and 5
represent aggregated monthly latency statistics reported by Aireon and AirNav Indonesia, covering the
operational period from April to December 2021. Due to the proprietary nature of Aireon’s processing
algorithms, detailed message-level computations are not available for independent verification.
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As shown in Figures 4 and 5 [34][50], the average latency in both FIRs remains consistently stable
throughout the observation period, ranging between 0.46 and 0.48 seconds. These values represent the time
interval between message reception at the Aireon Hosted Payload (AHP) and delivery to the Service Delivery
Point (SDP). Notably, the absence of significant temporal fluctuation indicates that latency performance is
resilient to variations in traffic density and seasonal operational conditions within the evaluated timeframe.
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Figure 5. Space-Based ADS-B Latency in Ujung Pandang FIR (Apr — Dec 2021)

When compared with typical ground-based ADS-B latency values reported in the literature—commonly
in the range of 1 to 2 seconds depending on ground infrastructure, network routing, and processing delays—the
observed space-based latency in Indonesian FIRs demonstrates comparable or superior timeliness. This finding
supports the suitability of Space-Based ADS-B as a complementary surveillance solution, particularly in remote
and oceanic regions where ground-based sensor coverage is inherently limited.

Overall, the results confirm that Space-Based ADS-B delivers reliable and time-consistent surveillance
data within Indonesian airspace, aligning both with global performance benchmarks and with the operational
requirements defined by ICAO Doc 9924, FAA 14 CFR §91.227, and Aireon’s Service Level Agreement (SLA).
These findings reinforce the operational readiness of space-based surveillance to support real-time air traffic
monitoring in geographically complex regions such as Indonesia.

3.2 Comparison with International Standards

The observed latency values were compared with international surveillance benchmarks, namely ICAO
Doc 9924, FAA 14 CFR §91.227, and EUROCAE ED-129B. According to ICAO and FAA standards, ADS-B
systems must transmit position data with a maximum allowable latency of < 2.0 seconds at the 95th percentile.
The measured latency of 0.46—0.48 seconds falls comfortably within this limit, confirming compliance with both
ICAO and FAA requirements.

Within the framework of EUROCAE ED-129B, total latency is defined as the elapsed time from the
generation of an ADS-B message onboard the aircraft to its availability at the Air Traffic Control (ATC) display
system. While ED-129B provides detailed latency budgeting for ground-based ADS-B systems, it does not
explicitly define performance criteria for space-based ADS-B implementations. Consequently, the observed end-
to-end latency of approximately 460—480 milliseconds is interpreted in relation to the total latency budget
commonly referenced in ED-129B, which allocates up to 2.0 seconds across airborne, ground, and distribution
segments. Within this interpretative context, the measured latency values remain comfortably below the
commonly adopted total latency envelope.
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A summary comparison between the observed latency performance in the Jakarta and Makassar FIRs
and major international standards is presented in Table 2. The results indicate consistent alignment with
regulatory thresholds defined by ICAO, FAA, and EUROCAE, as well as with Aireon’s contractual Service
Level Agreement (SLA).

Table 2. Comparison of Observed Latency and International Standards

Defined Latenc Observed Latency Compliance
Reference Standard y (Jakarta/Makassar P Remarks
Threshold Status
FIRs)
ICAO Doc 9924 <2.0's (95th percentile) 460 — 480 ms v Within recommended
operational limit.
FAA 14 CER <2.0's (95th percentile) 460 — 480 ms v Meets ADS-B Out latency

§91.227 performance requirement
EUROCAE Within total latency
ED-129B <700 ms (Total Latency) 460 — 480 ms - requirement,

Consistent with SLA

Aireon SLA < 2.0 s (99th percentile) 460 — 480 ms v .
performance metrics.

To provide broader regulatory context, Table 3 extends the comparison by incorporating latency
requirements from additional international organizations, including EUROCONTROL, ICAO APAC, and
Transport Canada. Despite variations in regulatory terminology and percentile definitions, these frameworks
consistently adopt maximum allowable latency thresholds in the order of < 2.0 seconds. Both regional latency
results in Indonesia (0.46—0.48 s) and global latency performance reported by Aireon (mean 0.226 s; 99th
percentile < 0.345 s) remain well below these limits.

Table 3. Summary of International Latency Standards and Aireon Performance Evaluation

Organization Maximum Latency Standard Evaluation of Aireon Data

EUROCONTROL GEN-SUR  <2.0 s (99th percentile), adopted
SPR Document (ICAO ADS-B  from GEN-SUR SPR and used in
Implementation Meeting, Aireon—ANSP SLA (Section 2.2.7,
Mexico 2018) p-4) [50]

Indonesia’s data: ~0.46—0.48 s (99%);
Global 99th percentile 0.345 s. Meets
GEN-SUR SPR requirement.

Aircraft must transmit geometric
position within < 2.0 s after
measurement (Section E: ADS-B

FAA 14 CFR §91.227
(Aeronautics and Space

Aireon latency ~0.46—0.48 s
(Indonesia), global average 0.226 s.

Regulation) Latency Requirements, p.85) [37] Complies with FAA §91.227.
Total compensated latency must .
AC 500-029 (TCCA/FAA remain within < 2.0 s (Section 4.0, Measured latency <0.48 s (Indonesia)
. . . and <0.345 s (global). Complies with
Guidance) Appendix C — Latency Analysis)
51] AC 500-029.
ICAO APAC — Baseline ADS- Latency in Jakarta and Ujung Pandang

Network latency: 95% of ground-

B ice Perf .
Service Performance station outputs must be <2 s [52]

Parameters (APANPIRG/18)

~0.46-0.48 s; Global 95th percentile
0.312 s. Meets ICAO APAC baseline.

Aireon total latency ~0.46—0.48 s

Airborne to ground receiver: <1.5 s (Indonesia), global 99% <0.345 s,

EUROCONTROL — ESASSP (95%); Ground to ATC: <0.5 s

Volume 2 (95%) (p.33) [53] Z;hthm ESASSP combined limit (2.0
EUROCAE ATS Surveillance  Latency < 1.5 s to the ATM Aireon global and regional latency
Requirements Automation Platform [28] <0.48 s. Complies with ATS SR limit.

EUROCAE ED-129B,
Technical Specification for a
1090 MHz Extended Squitter
ADS-B Ground System

System latency budget <2.0 s (1.5 s Aireon latency <0.48 s (Indonesia),
to distribution edge + 0.5 s internal global 99% <0.345 s. Well below ED-
tracker network) [25] 129B limit.

Overall, the results indicate that Aireon’s Space-Based ADS-B system demonstrates latency margins
well below the thresholds defined by ICAO, FAA, EUROCONTROL, and EUROCAE standards. This strong
alignment across both global and regional regulatory frameworks confirms that the system provides reliable,
low-latency surveillance performance suitable for real-time air traffic monitoring, including in non-radar and
oceanic regions.
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The comparison with ground-based ADS-B latency presented in this study is based on values reported
in existing literature and international standards and is intended to provide contextual reference rather than a
direct empirical comparison derived from synchronized datasets within the same observation period.

3.3 QoS Categorization and SLA Compliance

When mapped to the telecommunication-based QoS delay categories presented in Table 1, the observed
latency of approximately 0.46—0.48 seconds is positioned slightly above the 450 ms boundary, which
corresponds to the “Poor” category in the ETSI delay classification. However, this categorization should be
interpreted with caution, as the ETSI QoS framework was originally developed for generic data communication
networks rather than safety-critical aviation surveillance systems.

In aviation surveillance contexts, latency performance must be evaluated against domain-specific
operational and regulatory requirements. Under Aireon’s Service Level Agreement (SLA), the key performance
criteria specify that the 99th percentile latency shall not exceed 2.0 seconds, with an update probability of at least
96% and system availability of no less than 99.9%. The measured latency in both the Jakarta and Ujung Pandang
(Makassar) FIRs remains well below the SLA latency threshold, thereby demonstrating full compliance with
contractual service-level requirements.

Furthermore, the observed latency range of 0.46—0.48 seconds also satisfies the performance thresholds
defined by ICAO Doc 9924, FAA 14 CFR §91.227, and EUROCAE ED-129B. A summary comparison between
the telecommunication-based QoS categorization and aviation-specific performance benchmarks is provided in
Table 4.

Table 4. Comparison of QoS Delay Category and Aireon SLA Compliance

Observed Latency Classification /

Evaluation Defined (Jakarta/Makassar : Remarks
Framework Threshold Compliance
FIRs)
>450 ms = . Reference to
Sots (ETSIt), Delay “Poor” 0.46-0.48 s CategPorlzed 3 telecommunication-based
ategorization (Index 1) oor QoS framework.
. <20s Meets SLA performance
A LA . 46-0.4
reon § (99th percentile) 0-46-0.48 5 v standard.
ICAO/FAA/ <2.0s Satisfies all aviation
EUROCAE (95th percentile) 0.46-0.48 s v benchmarks.

The contrast between these two evaluation perspectives highlights that generic telecommunication-
based QoS indices do not fully capture the operational reliability requirements of air traffic surveillance systems.
While QoS metrics emphasize network transmission efficiency, aviation-specific standards and SLAs focus on
end-to-end system performance, service continuity, and operational suitability for Air Traffic Control (ATC).
Consequently, despite its lower classification under a generic QoS framework, the observed latency performance
of Space-Based ADS-B can be regarded as operationally optimal and fully compliant within the context of global
aviation surveillance systems.

3.4 Discussion of Anomalies and Regulatory Gaps

Although the measured latency values fully comply with ICAO and FAA performance requirements,
several regulatory ambiguities become evident when existing international standards are applied to Space-Based
ADS-B systems. EUROCAE ED-129B, while providing a comprehensive technical specification for ground-
based ADS-B infrastructures, does not explicitly define performance metrics tailored to satellite-based
surveillance architectures. As a result, compliance assessment for Space-Based ADS-B is often conducted using
benchmarks originally intended for terrestrial systems, which may not fully reflect satellite-specific operational
characteristics.

In addition, the comparison between ETSI-based QoS delay classifications and aviation surveillance
performance requirements reveals a conceptual mismatch. Generic telecommunication QoS models are primarily
designed to evaluate packet-based data transmission efficiency, whereas air traffic surveillance systems prioritize
end-to-end operational timeliness, continuity, and reliability. Space-Based ADS-B introduces additional
transmission segments—including satellite payload processing, inter-satellite links, cross-link routing, and
centralized ground processing—which inherently influence latency behavior. Consequently, direct application
of generic QoS delay categories may lead to oversimplified or potentially misleading interpretations of
surveillance system performance.

These observations highlight the need for more harmonized and domain-specific regulatory frameworks
that explicitly address the characteristics of satellite-based surveillance systems. Coordinated updates and
guidance from international organizations such as ICAO and EUROCAE, in collaboration with service providers
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like Aireon, would support clearer performance definitions, enhance interoperability, and ensure that future
standards accurately represent the operational realities of global Space-Based ADS-B surveillance.

4. CONCLUSION

The findings support the hypothesis that Space-Based ADS-B latency in the Jakarta and Makassar Flight
Information Regions (FIRs) satisfies international aviation surveillance performance requirements and is suitable
for real-time operational use in non-radar and remote airspace. The current evaluation analyzed the latency
performance of Space-Based Automatic Dependent Surveillance—Broadcast (ADS-B) using secondary data from
Aireon, focusing on trials conducted in the Jakarta and Makassar Flight Information Regions (FIRs). The results
show an average latency of 0.46—0.48 seconds, which is well below the maximum thresholds defined by ICAO
Doc 9924, FAA 14 CFR §91.227, and Aireon’s Service Level Agreement (SLA), demonstrating that Space-
Based ADS-B is capable of delivering real-time and reliable surveillance data for operational use. Although the
observed latency is classified as “Poor” under a generic telecommunication-based QoS delay framework, it
remains operationally satisfactory when evaluated against aviation-specific surveillance standards. These
findings contribute to existing literature by providing a QoS-based latency assessment of satellite-based ADS-B
implementation in Indonesian airspace and highlight the need for explicit satellite-oriented latency criteria within
the EUROCAE ED-129B framework to support global regulatory consistency.
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