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Abstract—Unmanned Aerial Vehicles (UAVs) increasingly em-
ploy stereoscopic video streaming for XR-oriented and mission-
critical applications, imposing stringent bandwidth requirements.
This work experimentally quantifies the bitrate generated by a
UAV-mounted stereoscopic camera under realistic flight condi-
tions and evaluates the sustainability of heterogeneous wireless
technologies. By analyzing different codec (H.264, H.265), frame
rate, and resolution configurations, the study derives effective
bitrate profiles from network-level Wi-Fi measurements under
mobility. Results show that, although H.265 improves compres-
sion efficiency, Wi-Fi quickly becomes a scalability bottleneck in
multi-stereo and high-resolution scenarios, significantly reducing
service availability. In contrast, mapping the same traffic profiles
onto a THz communication regime demonstrates substantial
capacity margins and full service availability. Overall, the study
provides an experimental traffic characterization and a quan-
titative framework for assessing service availability, offering
practical design guidelines for scalable multi-UAV XR systems
and highlighting the enabling potential of THz communications
for high-capacity aerial networks.

Index Terms—UAV, stereovision, THz, streaming

I. INTRODUCTION

Unmanned Aerial Vehicles (UAVs) are increasingly adopted
in a wide range of civilian and industrial applications such
as infrastructure inspection, search and rescue, environmental
monitoring, and remote piloting [1]. Many of these scenarios
rely on real-time video streaming from the UAV to a ground
control station, imposing stringent requirements in terms of
latency, reliability, and visual quality. In particular, video
streams support not only human monitoring but also percep-
tion, navigation, and teleoperation tasks, making transmission
stability a critical system component.

The wireless air-to-ground (A2G) channel experienced by
UAVs is inherently non-stationary due to mobility, altitude
variations, antenna orientation, and environmental obstruc-
tions [2]. Consequently, the achievable average bitrate is
strongly dependent on the operating scenario and the adopted
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communication technology. In this context, the interplay be-
tween video encoding parameters (e.g., codec selection and
frame rate) and network performance emerges as a critical
design challenge. The bitrate generated by the encoder directly
determines the load imposed on the wireless link and strongly
affects latency, packet loss, Quality of Experience (QoE) and
the service availability [3], [4]. Within the 6G networks vision,
the concept of service availability emerges as a fundamental
metric, since supporting emerging ultra-high-data rate services
such as Extended Reality (XR), holographic, and multi-view
streaming applications [5], [6] requires not only extreme peak
capacity but also the sustained and reliable ability of the
network to meet their stringent bitrate and latency demands
over time.

In this paper, we experimentally characterize the bitrate
generated by a UAV-mounted stereoscopic camera under re-
alistic mobility over a Wi-Fi link, considering multiple codec
and frame rate configurations. We then evaluate scalability by
mapping the measured traffic profiles onto a THz communica-
tion scenario, using the experimentally demonstrated service
rate in [7]. This enables us to assess service availability under
multi-stereovision aggregation and quantify the potential gains
of THz communications for scalable multi-UAV architectures.

To the best of our knowledge, this is the first experimental
study quantifying stereoscopic UAV video traffic under mobil-
ity via bandwidth inference, and subsequently mapping these
empirically derived traffic profiles onto both conventional Wi-
Fi and experimentally validated THz capacity regimes to
quantitatively assess service availability under heterogeneous
wireless conditions.

The rest of this paper is organized as follows: Section II pro-
vides an overview of the related literature, Section III presents
the experimental setup adopted for the measurement campaign,
Section IV analyzes the obtained results and discusses their
implications in terms of bitrate, service availability, and the
suitability of the considered wireless technologies and finally
the conclusion and future research directions are outlined.

II. RELATED WORK

Recent research has investigated UAV-based video stream-
ing from multiple perspectives [8]. Measurement-driven stud-
ies analyzed real-time video delivery over cellular networks,



highlighting the impact of aerial mobility and the trade-
offs between static and adaptive bitrate streaming [9]. Cross-
layer approaches proposed multi-link transmission, Forward
Error Correction (FEC), and adaptive QoS mechanisms to
improve robustness under harsh wireless conditions [10], [11].
Adaptive streaming solutions tailored for UAV platforms, such
as SkyEyes [12], exploit mobility-aware throughput prediction
and buffer information to dynamically adjust the video bitrate.
However, these approaches focus primarily on monocular
streams and rate adaptation rather than experimentally charac-
terizing encoder-generated traffic patterns.

From a complementary perspective, encoder-level studies
for UAV applications have highlighted the compression gains
of H.265/HEVC over H.264/AVC in drone-based systems [13].
Nevertheless, these analyses are conducted in offline settings
and do not capture live streaming dynamics, nor do they
investigate the bitrate behavior of stereoscopic streams under
realistic wireless conditions.

In parallel, immersive and high-resolution aerial video
streaming has attracted growing attention. Comprehensive
surveys review 360◦ acquisition, encoding, and streaming
pipelines over UAV platforms, discussing codec efficiency
and latency constraints [14], [15]. Although immersive and
omnidirectional video streaming is extensively analyzed, the
majority of existing studies focus on monocular or viewport-
dependent content, leaving stereoscopic video traffic behavior
under UAV mobility largely unexplored.

Learning-based approaches have also been proposed to opti-
mize QoE in UAV video streaming systems. In [3], [16], Deep
Reinforcement Learning (DRL) is employed to optimize UAV
trajectories, transmit power, and video resolution in UAV-to-
UAV (U2U) streaming scenarios. While effective in dynamic
environments, such works typically assume abstracted bitrate
models and do not provide empirical characterization of the
traffic generated by stereoscopic video streams.

Stereoscopic video is increasingly relevant for UAV appli-
cations requiring depth perception and enhanced situational
awareness [17]. In particular, it represents a key enabler for XR
applications, where immersive visualization, real-time inter-
action, and multi-view rendering demand synchronized high-
quality video streams [15]. However, compared to monocular
video, stereo streams generate higher and more variable bi-
trates due to dual-view transmission and motion sensitivity.

In parallel with advancements in UAV video streaming and
wireless access technologies, terahertz (THz) communications
have emerged as a promising enabler for beyond-5G and 6G
systems, thanks to the availability of ultra-wide bandwidth
in the 0.1-10 THz spectrum. Recent surveys and tutorials
have analyzed the fundamental characteristics, architectural
implications, and system-level challenges of THz wireless
systems [18], [19]. From a physical-layer and hardware
standpoint, ultra-wideband and high-capacity THz links have
been demonstrated, including IRS-assisted THz systems [20],
mode-division multiplexed free-space sub-THz links [21], and
multiuser point-to-multipoint sub-THz systems achieving tens
of Gbit/s over several meters [22]. These works confirm the
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Fig. 1. Illustration of the investigated remote command & control (C2)
Extended Reality (XR) scenario.

technological capability of THz communications for ultra-high
data rate applications, yet they do not quantify the traffic de-
mand generated by UAV-mounted stereoscopic video streams
nor evaluate how such traffic scales under experimentally
validated THz capacity regimes.

Although THz communications offer extremely large band-
width and are therefore attractive for future 6G aerial XR ser-
vices, their practical use in UAV-to-ground links is subject to
important physical-layer constraints, including high free-space
path loss, sensitivity to blockage, narrow-beam alignment, and
mobility-induced beam tracking requirements.

It is immediately apparent that free-space path loss increases
significantly with frequency under otherwise identical con-
ditions. Using the Pasternack free-space path Loss formula
and comparing frequencies of 2.4 GHz, 28 GHz, 80 GHz,
and 1 THz at a distance of 10 m, the calculated free-space
path loss values are 60.04 dB, 81.38 dB, 90.50 dB, and
112.4 dB, respectively. This degradation must therefore be
properly addressed in the link-budget design through appropri-
ate compensation strategies, including higher transmit power,
high-gain directional antennas, beamforming, or a combination
thereof.

In this paper, we experimentally characterize the bitrate
generated by a UAV-mounted stereoscopic camera under re-
alistic mobility over a Wi-Fi link, considering multiple codec
and frame rate configurations. We then evaluate scalability by
mapping the measured traffic profiles onto both a conventional
Wi-Fi link and a THz communication scenario, using the
experimentally demonstrated service rate in [7]. This enables
us to comparatively assess service availability under multi-
stereovision aggregation and quantify the performance gap and
scalability gains offered by THz communications for multi-
UAV architectures.

III. EXPERIMENTAL SETUP

This section describes the experimental platform, hard-
ware components, and streaming architecture used to per-
form the measurement campaign. Consider a UAV supporting
a mission-critical Command & Control (C2) XR service,
equipped with multiple stereovision cameras that generate



Fig. 2. Photo of the UAV platform equipped with the stereovision system
used for the experimental evaluation.

synchronized multi-view video streams for immersive remote
operation, as presented in Fig. 1. This scenario is representa-
tive of disaster-response operations, where emergency teams or
military forces are deployed in critical environments to support
search-and-rescue missions and life-saving interventions. In
such contexts, immersive multi-view XR streaming enables
enhanced situational awareness, remote coordination, and safer
operational decision-making.

The bitrate, scaling with the number of cameras and en-
coding parameters, must be continuously sustained over the
air-to-ground link, potentially stressing conventional wireless
technologies and affecting service availability. To assess this
challenge, we implement the experimental platform described
next.

The experimental setup is based on a multirotor UAV
built on the Holybro X500 V2 frame, as depicted in Fig.
2. The flight controller is a Pixhawk 6C, which is respon-
sible for low-level flight control, navigation, and stabilization.
The UAV is operated at low-to-moderate speeds to emulate
typical inspection and monitoring missions, ensuring stable
flight conditions during the experiments. A compact on-board
computing unit is mounted on the UAV in the form of an
Intel NUC mini PC. The NUC is used exclusively to interface
with the stereoscopic camera and manage the video streaming
pipeline, while flight control tasks are handled independently
by the Pixhawk autopilot.

As a stereovision device, we employ a ZED 2i stereo-
scopic camera, mounted on the UAV. The ZED 2i provides
synchronized left and right video streams, enabling real-time
stereoscopic acquisition. In our experiments, the two camera
views are transmitted without additional image processing or
depth estimation.

The video streaming is performed using the official ZED
SDK, which natively supports real-time stereo video trans-
mission. Fig. 3 shows the streaming architecture. The ZED 2i
camera streams the stereo video over a Wi-Fi link to a ground
station PC. The communication is established directly between
the UAV-mounted Intel NUC and the ground station, without
intermediate relays. The wireless link represents the air-to-
ground communication channel whose capacity is evaluated
during the experiments.

ZED SDK

ZED Explorer
ZED 2i

Fig. 3. Sketch of the streaming pipeline.

During the measurement campaign, the ground station was
kept fixed, while the UAV followed a controlled flight trajec-
tory representative of low-altitude inspection and monitoring
operations. The UAV flew at an altitude of approximately
1.5 m above ground level, with a distance range between 2 m
and 10 m during the acquisition. The trajectory consisted of
a linear path, including a hovering phase followed by lateral
displacement, with an average flight speed of approximately
1 m/s. The same flight conditions were maintained for all
codec, frame-rate, and resolution configurations in order to
ensure a consistent comparison among the measured bitrate
traces.

Since the streaming pipeline involves only the transmis-
sion of raw left and right camera streams (without depth
computation, 3D reconstruction, or neural network-based pro-
cessing), the use of an NVIDIA GPU is not required. All
video streaming operations are handled by the CPU on the
Intel NUC, which significantly reduces system complexity and
power consumption.

Measurements are conducted across six configurations ob-
tained by combining two video codecs, (i.e., H.264/AVC and
H.265/HEVC), with three frame rates (i.e., 15, 30, and 60
fps), at 720p resolution. For the 2K resolution (2208 x 1242),
the evaluation includes both codecs but only the 15 frame
rate configuration, as the ZED 2i camera supports exclusively
this frame rate at that resolution. For each configuration, the
measured video rate is denoted as Rq

v , where q ∈ 720p, 2K
represents the video resolution.

The measured data represent the bandwidth required by
a single video stream for each combination of resolution,
frame rate, and codec. These results are then extended to
a UAV scenario equipped with six stereovision systems, as
commonly found in many modern UAV platforms, where
all video streams are transmitted simultaneously. This con-
figuration is representative of XR-oriented applications that
require multiple synchronized real-time viewpoints to ensure
immersive perception and advanced interaction capabilities.

The results are then compared against the reference average
capacities of the considered Wi-Fi and THz links [7]. Service
availability is defined as the fraction of time during which the
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Fig. 4. Time evolution of the measured bitrate for each configuration at
q = 720p, involving six simultaneously transmitting stereovision systems.
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Fig. 5. Time evolution of the measured bitrate for each configuration at
q = 2K, involving six simultaneously transmitting stereovision systems.

bitrate remains below the communication system’s capacity.
This analysis evaluates how long the wireless link can sustain
simultaneous multi-stereo transmission, providing a system-
level assessment of the suitability of the considered technolo-
gies for real-time XR aerial streaming.

IV. RESULTS

In this section, the temporal evolution of the video bitrate
is analyzed for different resolution configurations.

Fig. 4 shows the time evolution of the bitrate generated by
six simultaneously transmitting stereovision systems at 720p
resolution, considering both H.264/AVC and H.265/HEVC
codecs with frame rates of 15, 30, and 60 fps. The y-axis
is represented on a logarithmic scale and reports the total
required throughput in Gbps, while the dashed horizontal lines
indicate the technological average capacity of Wi-Fi (measured
average throughput of 94.82 Mbps) and THz (63.52 Gbps, as
experimentally demonstrated in [7]).

The curves clearly illustrate how the bitrate scales with the
frame rate. Increasing the frame rate results in a systematic
growth of the required throughput, while H.265 consistently
achieves lower bitrate values than H.264 at the same temporal
configuration due to its higher compression efficiency. From a
service sustainability perspective, the THz average capacity
remains well above all measured trajectories, indicating a
wide capacity margin. In contrast, the Wi-Fi average capacity
lies much closer to the bitrate curves. While 15 fps con-
figurations remain mostly below the Wi-Fi limit and 30 fps
cases operate near the boundary, the 60 fps configurations

exceed the available capacity for a significant portion of time.
This highlights the limited scalability of Wi-Fi under higher
temporal demands. It can be observed that, in the 720p case,
Wi-Fi is still able to sustain the service for moderate frame
rate settings. However, when the frame rate is increased, the
required bitrate exceeds the available network capacity, leading
to service degradation and service outage conditions.

Fig. 5 extends the analysis to 2K resolution (2208 x 1242)
at 15 fps. Compared to the 720p case, the aggregate bitrate
increases substantially due to the higher spatial resolution.
Although H.265 still provides a measurable bitrate reduction
compared to H.264, the dominant effect is resolution scaling.
As a consequence, the bitrate trajectories shift closer to the
Wi-Fi capacity limit, leaving little or no operational margin.
Conversely, the THz reference capacity remains significantly
higher than the measured demand, confirming its ability to
sustain high-resolution multi-stereo transmission.

Table I summarizes the corresponding service availability,
defined as the fraction of time during which the bitrate
remains below the communication system’s capacity, across all
tested configurations and explicitly accounts for the number of
simultaneously transmitting stereovision systems. It highlights
a clear scalability trend for Wi-Fi. With a single stereovision
system, all configurations achieve full availability. When the
number of concurrent systems increases to four, Wi-Fi still
supports most 720p configurations at 15 and 30 fps, but
availability drops significantly at 60 fps (10% for H.264 and
12% for H.265). The most critical regime appears with six
stereovision systems: at 720p, availability remains high only
at 15 fps (94% and 98%), decreases sharply at 30 fps (22%
and 28%), and collapses to 0% at 60 fps for both codecs.

The impact of spatial resolution is even more pronounced.
At 2K and 15 fps, Wi-Fi guarantees full availability for a
single stereovision system, but drops to 8% with four systems
and 0% with six simultaneous systems, demonstrating that
resolution scaling alone can make multi-stereo XR transmis-
sion infeasible over Wi-Fi beyond a limited aggregation level.
The difference between H.264 and H.265 remains visible
but secondary compared to the dominant effects of stream
multiplicity and frame rate.

In contrast, THz connectivity ensures 100% service avail-
ability across all scenarios, independently of resolution, frame
rate, codec, and number of stereovision systems. This con-
firms the substantial capacity margin of THz communications
and their suitability for high-demand XR-oriented multi-view
streaming architectures.

V. CONCLUSION

This paper experimentally characterized the bandwidth re-
quirements of UAV-based stereoscopic video streaming under
mobility. Through controlled flight tests and network-level
measurements, we quantified the effective bitrate generated
by stereo streams across different codecs, frame rates, and
resolutions (720p and 2K).

Results show that bitrate demand increases significantly
with frame rate and resolution. Although H.265 achieves



TABLE I
SERVICE AVAILABILITY AS A FUNCTION OF THE NUMBER OF

STEREOVISION SYSTEMS FOR EACH CONFIGURATION

Technology Resolution Codec Frame Rate Service Availability [%]

1 Cam 4 Cam 6 Cam

Wi-Fi
720p

H.264
15 100 100 94
30 100 100 22
60 100 10 0

H.265
15 100 100 98
30 100 100 28
60 100 12 0

2K H.264 15 100 8 0
H.265 15 100 8 0

THz
720p

H.264
15 100 100 100
30 100 100 100
60 100 100 100

H.265
15 100 100 100
30 100 100 100
60 100 100 100

2K H.264 15 100 100 100
H.265 15 100 100 100

consistent compression gains over H.264, conventional 2.4
GHz Wi-Fi links quickly become a scalability bottleneck,
supporting only a limited number of simultaneous stereo
streams in multi-UAV scenarios.

In contrast, mapping the experimentally derived traffic pro-
files onto a THz service rate shows full service availability in
all scenarios, highlighting the large capacity margin of THz
communications. This makes THz connectivity particularly
suitable for bandwidth-intensive Extended Reality (XR) ap-
plications, enabling reliable real-time multi-view stereoscopic
streaming for immersive UAV-based XR services.

Overall, the study provides practical design insights for
scalable multi-UAV stereoscopic streaming systems. Future
work will extend the experimental setup to investigate the
behavior of stereoscopic UAV streaming over 5G networks,
enabling a comparative analysis across heterogeneous wireless
technologies.
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[5] E. M. Ghourab, M. Azab, D. Gračanin, O. Alhussein, M. Al-Qutayri, and
S. Muhaidat, “Extended reality-aware wireless communication networks:
A systematic literature review,” IEEE Open Journal of the Communica-
tions Society, vol. 6, pp. 7567–7588, 2025.

[6] X. S. Shen, J. Gao, M. Li, C. Zhou, S. Hu, M. He,
and W. Zhuang, “Toward immersive communications in 6g,”
Frontiers in Computer Science, vol. Volume 4 - 2022, 2023.

[Online]. Available: https://www.frontiersin.org/journals/computer-
science/articles/10.3389/fcomp.2022.1068478

[7] K. Liu, Y. Feng, C. Han, B. Chang, Z. Chen, Z. Xu, L. Li, B. Zhang,
Y. Wang, and Q. Xu, “High-speed 0.22 thz communication system
with 84 gbps for real-time uncompressed 8k video transmission of live
events,” Nature Communications, vol. 15, no. 1, p. 8037, 2024.

[8] H. Zhou, F. Hu, M. Juras, A. B. Mehta, and Y. Deng, “Real-time
video streaming and control of cellular-connected uav system: Prototype
and performance evaluation,” IEEE Wireless Communications Letters,
vol. 10, no. 8, pp. 1657–1661, 2021.

[9] A. Baltaci, H. Cech, N. Mohan, F. Geyer, V. Bajpai, and J. Ott, “Analyz-
ing real-time video delivery over cellular networks for remote piloting
aerial vehicles,” in Proceedings of the ACM Internet Measurement
Conference (IMC), 2022, pp. 98–112.

[10] Z. Liu and Y. Jiang, “Cross-layer design for uav-based streaming media
transmission,” IEEE Transactions on Circuits and Systems for Video
Technology, vol. 32, no. 7, pp. 4710–4725, 2022.

[11] ——, “Design and implementation for a uav-based streaming media
system,” Ad Hoc Networks, vol. 156, p. 103443, 2024.

[12] X. Wang, A. Chowdhery, and M. Chiang, “Skyeyes: adaptive video
streaming from uavs,” in Proceedings of the 3rd Workshop on
Hot Topics in Wireless, ser. HotWireless ’16. New York, NY,
USA: Association for Computing Machinery, 2016, p. 2–6. [Online].
Available: https://doi.org/10.1145/2980115.2980119

[13] J. Benjak, D. Hofman, J. Knezović, and M. Žagar, “Performance
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