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Abstract. Today, most applications rely on ubiquitous, reliable, and
fast Internet access to provide their services. While network performance
in mobile broadband networks is well-researched, in-flight satellite com-
munication is still an open topic. In-flight Internet access offers various
service possibilities, from entertainment to shopping, for both passengers
as well as service operators. This particularly applies to long-haul flights,
where passengers have plenty of time. Clearly, stable connectivity allows
to offload application functionalities from a passenger’s mobile device to
edge and cloud servers. But how is the performance of today’s network
connectivity on airplanes, i.e. what can the application developer expect?

In this paper, we examine a detailed HiPerConTracer dataset, col-
lected on a trans-Atlantic night flight between New York, U.S.A. and
Oslo, Norway. Particularly, we show some interesting insights into the
performance available, as well as the limitations of today’s in-flight satel-
lite communication. Furthermore, the dataset, as well as the software for
obtaining and processing the data, is published as open data and open
source software.

Keywords: HiPerConTracer, In-Flight Internet, Jitter, Network, Ping,
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1 Introduction

Mobile Internet usage has become almost ubiquitous, with modern 5G networks
offering high-speed, low-latency networking almost anywhere and anytime, re-
gardless of whether the user is just walking, travelling on a local bus, driving,
or using a high-speed train. However, in-flight Internet on commercial airplanes
is still relatively new and – due to additional costs – not in such widespread use
today. With users sitting on a plane for hours, in-flight Internet offers various
possibilities to users, as well as business opportunities for service operators, like
in-flight communication, travel planning, entertainment, and shopping. While
mobile ground networks like 5G are well-examined [1], there is a lack of perfor-
mance insights into the in-flight satellite network performance.
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In this paper, we present a detailed analysis of a fine-grained network per-
formance dataset, recorded on a trans-Atlantic night flight from New York,
U.S.A. to Oslo, Norway in May 2025. Particularly, in this original dataset,
we demonstrate some interesting performance insights around loss rate, latency,
jitter, as well as exit routers connecting the satellite network to the wired Inter-
net on the ground. Furthermore, the dataset is provided as open data, together
with the open source software used for collecting and processing it.

2 Background

In-Flight Communication (IFC) became consistently available to customers in
December 2013 [2]. The service utilizes two distinct communication architec-
tures: Direct Air-to-Ground Communication (DA2GC), relying on terrestrial
stations, and Mobile Satellite Service (MSS), which employs geostationary satel-
lite (GEO) relays [3]. IFC connectivity using Low-Earth-Orbit (LEO) satellites
launched in Spring 2025 [4] and has the potential to improve performance, due
to the much shorter distance between the aircraft and the satellite. The perfor-
mance of commercial IFC products was first studied in [5], where the authors
performed measurements over 45 flight hours across various airlines and IFC
providers, examining both DA2GC and MSS. They conclude that the main fac-
tor affecting QoS is high latency, observed in both technologies, and high packet
loss, observed mostly in the satellite based MSS. This behaviour has a detrimen-
tal effect on loss-based congestion-control protocols. QUIC [6] is proposed as a
viable alternative.

In [7], real aircraft traces are used to estimate the performance of all avail-
able IFC implementations, based on several parameters with a focus on aircraft
density per geographical area. They show that all implementations struggle to
provide peak datarates when multiple aircraft are connected or when the geo-
graphical area is sufficiently large, ultimately recommending the parallel use of
several IFC technologies. Aircraft density is connected to the time of day and
DA2G throughput can be up to 5 times higher than MSS throughput during
high-aircraft-density times [8].

The state of the art either tries to estimate network Channel Quality Indi-
cators (CQI) by emulations or study aggregate traces. In contrast, we present
a more fine-grained approach, where we study a detailed trace of a big set of
network CQIs and map it across the path of a long-haul flight crossing an ocean.

3 Measurement Setup

For our proof-of-concept evaluation, we used the High-Performance Connectivity
Tracer (HiPerConTracer) framework1 [9, 10]. HiPerConTracer provides
running large-scale Ping, Traceroute and Jitter measurements, with support for
different transport protocols, particularly the Internet Control Message Proto-
col (ICMP) [11,12] and the User Datagram Protocol (UDP) [13]:

1 HiPerConTracer: https://www.nntb.no/∼dreibh/hipercontracer/.
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Table 1: HiPerConTracer Measurement Parameters
Parameter Values

Services Ping, Traceroute, Jitter

I/O Modules ICMP, UDP

Ping/Tracerouter/Jitter Packet Size 44 B

Ping Internal 0.1 s ± 25%

Traceroute Interval 300 s ± 25%

Jitter Interval 60 s ± 10%

Jitter Burst 64 packets

{ “Ping” sends an Echo Request (either via ICMP, or UDP Echo protocol [14])
to a remote system. The remote system responds with an Echo Reply. The
time between sending the request and receiving the reply is the Round-Trip
Time (RTT). It provides the latency introduced by the network communi-
cation.

{ “Traceroute” works similar to Ping, but sends sequences of packets with in-
creasing IPv4 Time-to-Live [15] or IPv6 Hop Limit [16] value. This value is
decremented on each router the packet passes. If it reaches zero, the router
drops the packet and returns an ICMP Time Exceeded error message [11,12]
to the sender. By processing these routers’ responses, and the final response
from the destination, the route the packets take can be obtained. HiPer-
ConTracer applies mechanisms to prevent load balancing (see [9] for de-
tails).

{ “Jitter” runs burst sequences of Ping, from which statistics of the RTT
variation, the jitter, can be calculated.

While ICMP [11,12] is supported by all IP devices, the UDP usage requires
support of the UDP Echo [14] protocol by an UDP Echo server, which has to be
installed and enabled on a remote system. However, ICMP control traffic is often
restricted or throttled by firewalls. Therefore, for our evaluation, we measure
both ICMP and UDP. Particularly, we have chosen to focus on UDP, since its
traffic appears to devices as application traffic rather than control traffic. Each
measurement packet (i.e. request or response) has a size of 44 B (20 B for IPv4
header, 8 B for ICMP or UDP header, 16 B HiPerConTracer header). The
in-flight network provided only IPv4 [15] connectivity; IPv6 data is therefore not
available.

HiPerConTracer supports in-kernel packet timestamping [9] in addition
to application timestamping for the RTT calculation. This prevents context
switches between user-space (i.e. the HiPerConTracer measurement process)
and kernel-space (i.e. the Linux IP networking stack) from introducing addi-
tional jitter into the RTT measurements. Therefore, for our analysis, we use
RTTs collected using in-kernel packet timestamping. However, the dataset itself
contains both types of RTTs.



Our remote server is a dedicated Linux server running Ubuntu 24.04 LTS,
located in Oslo, Norway. It responds to ICMP Echo and UDP Echo Requests
without bandwidth restrictions.

Table 2: Flight Details
Flight SK 924

Operator Scandinavian Airline System (SAS)

Origin JFK (New York John F. Kennedy, U.S.A.)

Destination OSL (Oslo Gardermoen, Norway)

Departure Time 2025-05-25 21:33 UTC

Arrival Time 2025-05-26 04:39 UTC

Duration / Distance 7 h 6 min / 5911 km (3673 mi, 3192 NM)

Aircraft Type Airbus A321-253NX/LR

Aircraft Registration SE-DMS

The measurement system is a laptop running Ubuntu 24.04 LTS and an
experimental HiPerConTracer branch2 of HiPerConTracer providing jitter
measurement support. Table 1 summarises the measurement parameters. The
laptop was brought on board of trans-Atlantic flight SK 924, departing from
New York, U.S.A. (John F. Kennedy, JFK) to Oslo, Norway (Gardermoen,
OSL) on May 25, 2025. It was running on 120 V/60 Hz AC power from a power
outlet. Table 2 provides the flight details. Our measurement system was started
after dinner service, connecting to the in-flight Wi-Fi network for Internet access,
and kept running until the cabin had to be prepared for landing. In addition,
OSMTracker3 was recording the Global Navigation Satellite System (GNSS)
track on a Pixel 8 smartphone placed beside window seat 1F.

4 In-Flight Connectivity Results

In the following, we analyse the recorded data, particularly packet loss, round-
trip time, jitter, as well as the observed exit routers.

4.1 Packet Loss

The most important question around satellite communication is clearly whether
there is connectivity at all. Therefore, the first part of the analysis takes a
look at the packet loss rate. We divided the UDP Ping dataset into 5 minute
(300 s) buckets, and calculated the successful (UDP Echo response to a request
was received) and unsuccessful (no response, i.e. request or response got lost)
requests. That is, for the Ping interval of 0.1 s, each bucket contains around

2 Git: https://github.com/dreibh/hipercontracer, branch “dreibh/jitter”.
3 OSMTracker: https://github.com/labexp/osmtracker-android.
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Table 3: Satellite Network Connectivity Results
Time Latitude Longitude FL Good Bad Exit Router Loss MinRTT Q10%RTT MeanRTT Q90%RTT MaxRTT

23:50 50.2135 -52.4888 350 146 672 74.199.197.226 82.2 777.8 788.3 848.7 947.8 1244.4

23:55 50.2135 -52.4888 350 976 1714 74.199.197.226 63.7 776.3 789.6 831.2 892.7 1231.4

00:00 50.2135 -52.4888 350 2962 21 74.199.197.226 0.7 775.5 789.7 834.2 904.0 1531.6

00:05 50.6229 -51.1057 350 2960 26 74.199.197.226 0.9 778.9 794.0 836.2 899.6 1481.1

00:10 50.8735 -50.2953 350 2956 26 74.199.197.226 0.9 773.0 786.1 827.5 898.2 1381.2

00:15 50.8790 -50.2769 350 2952 29 74.199.197.226 1.0 770.9 784.9 833.8 904.9 2043.3

00:20 51.5984 -48.1958 350 2851 144 74.199.197.226 4.8 756.1 769.4 821.9 889.2 8163.6

00:25 51.9196 -47.2341 350 2962 14 74.199.197.226 0.5 754.7 770.3 815.8 890.2 1236.0

00:30 52.1778 -46.4335 350 2952 16 74.199.197.226 0.5 762.9 773.3 818.4 881.9 1439.4

00:35 52.5470 -45.2411 350 2863 117 74.199.197.226 3.9 757.6 781.6 856.7 908.2 9951.5

00:40 52.5470 -45.2411 350 2964 25 74.199.197.226 0.8 772.3 791.6 835.4 899.4 2271.7

00:45 52.8889 -44.0799 350 2957 20 74.199.197.226 0.7 772.7 785.6 827.1 893.2 1557.8

00:50 53.1802 -43.0447 350 2951 24 74.199.197.226 0.8 776.0 788.4 831.7 897.0 1594.9

00:55 53.6398 -41.3097 350 2964 20 74.199.197.226 0.7 774.8 786.8 830.1 911.8 1420.3

01:00 53.9392 -40.1027 350 2955 22 74.199.197.226 0.7 775.6 789.0 829.1 897.8 1308.0

01:05 54.1728 -39.1575 350 2958 22 74.199.197.226 0.7 775.1 792.3 841.7 932.1 1351.9

01:10 54.3882 -38.2548 350 2963 19 74.199.197.226 0.6 776.6 790.9 836.9 927.3 1371.3

01:15 54.7042 -36.8574 350 2971 11 74.199.197.226 0.4 780.6 793.1 835.6 915.4 1361.9

01:20 54.9543 -35.6795 350 2962 18 74.199.197.226 0.6 780.8 792.7 834.8 908.1 1400.7

01:25 55.1525 -34.6946 350 2876 82 74.199.197.226 2.8 758.9 774.5 836.7 898.6 6465.5

01:30 55.3842 -33.4750 350 2965 19 74.199.197.226 0.6 759.8 777.1 818.9 882.7 1549.9

01:35 55.6004 -32.2611 350 2947 24 74.199.197.226 0.8 757.8 777.8 821.4 891.4 1284.7

01:40 55.7685 -31.2561 340 2954 23 74.199.197.226 0.8 762.4 774.6 820.7 904.2 1376.5

01:45 55.9474 -30.1196 340 2937 15 74.199.197.226 0.5 761.6 775.8 823.1 899.2 1416.1

01:50 56.1430 -29.2776 340 2951 23 74.199.197.226 0.8 762.4 776.4 817.9 879.5 1339.2

01:55 56.4190 -28.1188 340 2951 25 74.199.197.226 0.8 763.4 775.2 826.4 905.7 1490.0

02:00 56.6973 -26.8837 340 2955 21 74.199.197.226 0.7 763.6 780.3 823.0 881.1 1560.6

02:05 56.9453 -25.7173 340 2882 94 74.199.197.226 3.2 763.3 784.5 835.2 900.0 5437.3

02:10 57.2196 -24.3430 340 2940 23 74.199.197.226 0.8 765.8 789.3 828.9 900.1 1393.3

02:15 57.5024 -22.8175 340 2958 25 74.199.197.226 0.8 766.5 788.6 826.3 885.8 1255.4

02:20 57.6721 -21.8345 340 2959 18 74.199.197.226 0.6 767.4 787.3 828.0 902.6 1137.6

02:25 57.8788 -20.5616 340 2965 25 74.199.197.226 0.8 766.5 788.3 833.0 918.0 1297.3

02:30 58.0835 -19.1518 340 2940 23 74.199.197.226 0.8 767.5 787.9 831.8 905.3 1631.1

02:35 58.2164 -18.1348 340 2949 21 74.199.197.226 0.7 768.7 790.6 838.2 908.7 1641.5

02:40 58.3470 -17.0610 340 2947 26 74.199.197.226 0.9 769.4 788.5 830.1 898.2 1274.4

02:45 58.6101 -14.5940 340 2950 30 74.199.197.226 1.0 770.0 788.6 843.8 905.0 2293.4

02:50 58.6101 -14.5940 340 2946 20 74.199.197.226 0.7 769.7 788.9 831.6 900.5 1231.1

02:55 58.7411 -13.1436 340 2959 23 74.199.197.226 0.8 769.1 785.9 823.5 881.6 1373.6

03:00 58.9197 -10.7504 340 2942 32 74.199.197.226 1.1 766.5 785.4 827.5 896.7 1389.2

03:05 58.9197 -10.7504 340 581 2300 74.199.197.226 79.8 768.6 780.8 826.5 919.3 1339.7

03:10 59.1712 -8.7367 340 2731 25 80.81.193.197 0.9 635.0 643.3 663.8 696.3 835.0

03:15 59.3455 -7.3319 340 2950 28 80.81.193.197 0.9 633.4 644.1 668.9 704.9 1164.9

03:20 59.4537 -6.3833 340 2960 25 80.81.193.197 0.8 634.3 644.9 665.3 698.3 847.2

03:25 59.5817 -5.1669 340 2896 78 80.81.193.197 2.6 604.5 618.0 731.0 712.3 5532.6

03:30 59.7286 -3.5951 340 2943 21 80.81.193.197 0.7 603.5 611.9 648.8 724.6 1249.2

03:35 59.8561 -2.0210 340 2946 20 80.81.193.197 0.7 604.8 612.0 633.2 650.1 959.5

03:40 59.9478 -0.7041 340 2957 24 80.81.193.197 0.8 604.2 612.0 634.9 649.1 1247.8

03:45 60.0224 0.4524 340 1332 1640 80.81.193.197 55.2 605.3 613.1 677.3 835.6 1628.1

03:50 60.0224 0.4524 340 0 2955 80.81.193.197 100.0 – – – – –

03:55 60.2259 4.2782 340 0 2970 80.81.193.197 100.0 – – – – –

04:00 60.2259 4.2782 340 1856 1105 80.81.193.197 37.3 597.3 605.4 619.0 622.5 1176.7

04:05 60.2628 5.3608 340 2955 33 80.81.193.197 1.1 598.5 605.6 613.8 621.5 835.3

04:10 60.3097 6.8966 340 2957 18 80.81.193.197 0.6 598.5 606.0 614.4 621.8 810.2

04:15 60.3097 6.8966 340 2958 29 80.81.193.197 1.0 598.6 605.9 617.9 622.2 1232.8

04:20 60.3558 8.1964 280 2963 21 80.81.193.197 0.7 598.5 605.4 614.7 621.6 1011.8

04:25 60.3998 9.3018 200 454 22 80.81.193.197 4.6 598.8 604.5 613.7 620.6 699.5



Fig. 1: Packet Loss Rate during Flight in 300 s Buckets

Fig. 2: Zoom to North Sea Area for Packet Loss Rate in 60 s Buckets

3000 samples. Figure 1 presents the loss rate (in %) on a map plot, together with
the bucket timestamps. For convenience, all times are provided in Coordinated
Universal Time (UTC) time zone. The details of the 300 s buckets are also
summarised in Table 3, including location, 
ight level (FL) 4, loss and RTT
statistics, as well as the exit router of the nearest Traceroute run.

Surprisingly, the trans-oceanic segment { between Newfoundland, Canada
and the Shetland Islands, United Kingdom { had a relatively smooth per-
formance. Except for a few outliers, the loss rate was well below 2 %. A look
at 1 min bins (not shown in the �gure) revealed outliers at 00:37, 01:25, and
02:05, still below 25%, only lasting for some seconds. That is, by far most of the
time, the packet loss rate in this remote part of the northern Atlantic ocean was
similar to a network in a densely populated area.

However, approaching Europe, the performance changed drastically. For bet-
ter visibility, we zoomed the part marked by a green rectangle in Figure 1 into
Figure 2. Due to the changed granularity, we plot the results of 1 min (60 s)
bins here, each containing around 600 samples. Two signi�cant outage periods
where observed: 03:06{03:09 west of the Shetland Islands, 03:47{04:02 between
the Shetland Islands and the Norwegian coast. While the �rst outage corresponds
to a 
ight course change, and also contains an exit router handover (to be exam-

4 Flight Level (FL): Altitude in units of 100 ft (30.48 m), used in aviation.



ined in Subsection 4.4), the second, much longer outage is very surprising: the
North Sea region contains a lot of infrastructure like oil drilling platforms, and a
high amount of commercial and private shipping operations. It is assumed that
this area is particularly well covered by satellite networks. However, the mea-
surement results show a complete loss of connectivity (i.e. 100 % packet loss)
here. A possible explanation may be communication restrictions due to military
activity in this area, but no evidence is available.

4.2 Round-Trip Time

Fig. 3: UDP Ping Round-Trip Time during the Flight in 300 s Buckets

Fig. 4: Zoom to North Sea Area for UDP Ping Round-Trip Time in 60 s Buckets

When connectivity is available, the next important performance metric is
the round-trip time. Therefore, Figure 3 shows the mean RTT during the 
ight
in 5 min buckets, and Figure 4 the mean RTT in 1 min buckets for the North
Sea area. Between Newfoundland, Canada and west of the Shetland Islands,

United Kingdom, the mean RTT is relatively stable between 825 ms and
850 ms. Absolute minimum values in the buckets reach values around 760 ms,
while absolute maximum values can exceed 1400 ms and even reach multiple
seconds during the outlier loss intervals observed in Subsection 4.1. Overall, the
performance over this remote ocean area is relatively good, although the high
RTTs prevent latency-sensitive applications.
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