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Abstract

This study experimentally analyzes the operational feasibility and performance characteristics of a MANET-based drone
communication system in mountainous tactical environments. A multi-hop MANET architecture consisting of a command post, relay
UAV, and reconnaissance assets is deployed in a mountainous area, and the communication coverage, link stability, and data
transmission performance were evaluated. The results indicate that communication performance depends more strongly on terrain-induced
line-of-sight (LOS) conditions than on the internode distance. In addition, relay UAV repositioning and antenna tilt optimization
significantly improves link quality, whereas bandwidth limitations cause bottlenecks during simultaneous high-resolution video
transmission. This study presents the effectiveness and limitations of MANET-based drone communications in mountainous tactical
environments and provides a foundational reference for the design of future multirelay tactical communication architectures.
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Table. 1. Installation specifications and mission execution
methods by mission equipment.

Category Details/specification

Install a directional antenna for high-power
MANET (20 W) and long-range communications

<Specification>

T Waveform: MN-MIMO (mobile networked MIMO)
Frequency: 2,200~2,500 MHz

Latency: mean 7 ms @20 MHz BW

Sensitivity: —102 dBm@5 MHz BW
Power consumption: Max. 95 W

Command
post

Equip a high-power MANET radio (20 W) and
four omni-directional antennas; serve as a relay
node between the command post and
reconnaissance assets

)

i <Relay UAV specification>
T Hexacopter, Payload: 10 kg, Flight time: 30
Relay UAV'| Minutes, RTK-GNSS, Autonomous flight mode,
GCS S/W: QGC, Protocol: MAVLink Equip a
MANET radio (10 W) and two omni-directional
antennas; collect video and measurement data via
EO/IR cameras and spectrum analysis

<MANET specification>
Waveform: MN-MIMO (mobile networked
MIMO)

Frequency: 2,200~2,500 MHz
Latency: 7 ms average (20 MHz BW)
Sensitivity: —99 dBm@5 MHz BW

— Power consumption: 65 W (MAX)

-
! <Recon UAV specification>

Quadcopter, EO/IR Camera with LRF (EO: 4K,
30x Zoom, IR: 640512, 8x Zoom), Payload: 3

Recon UAV kg, Flight time: 30 minutes, RTK-GNSS,
Autonomous flight mode, GCS S/W: QGC,

/quadruped
Protocol: MAVLink

robot

<Quadruped robot specification>
Weight: 51 kg, Payload: 10 kg,
Max. Speed: 2.4 m/s,
Operating time: 3 hours, Standby time: 21 hours,
Depth 4EA/RGB SEA Camera, Blind mode,
GPS/Map-based autonomous driving
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Fig. 1. Configuration of the MANET network.
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Fig. 2. Locations of relay UAVs (A, B) and reconnais-
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Fig. 3. UAV positions and mountainous environment under
an unstable communication link between relay
UAV (A) and the reconnaissance UAV.
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Fig. 4. UAV positions and mountainous environment under
an improved communication link between relay
UAV (B) and the reconnaissance UAV.
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Table 2. Summary of mountainous tactical MANET field test results (LOS, link quality, and traffic).

Applied link Distance

Category (segment) (km)

Terrain/LOS condition

SNR Data transmission

/RSSI result Interpretation

Failure (LOS | Relay UAV-Recon
blocked) UAV

A higher ridge (~995 m) near
the relay-UAV position
(elevation ~1,016 m AMSL)
obstructed the propagation path

Link quality was

<11 dB |- Text: stable dominated by

/~—=19 |- Video: unstable |terrain-induced LOS
dBm (degraded) blockage rather than

bottleneck | at relay node (Recon
(data-type  |UAV/quadruped robot
effect) — Relay UAV)

distance
Relay Command post-Relay The relay UAV was >30 dB | T?Xt: stabl%t Securmg LOS
o .. - Video: varies |substantially increased
repositioning UAV (and ~4.6 repositioned to secure LOS /~—56 . . .
. . with traffic the link margin even
(LOS secured) | relay-assisted link) toward the command post dBm .
load at a longer distance
Channel
Traffic Traffic concentrated Traffic-load effects were Lk | Text: stable capacity/occupancy

- observed even under favorable | quality
LOS and link conditions favorable

- Video (EO/IR): |becomes a key
frame drops bottleneck for
and latency multi-stream video

transmission
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Table 3. Impact of operational optimizations (relocation and antenna tilt) on link performance.
Optimization Applied link . Before .
. Adjustment After (SNR Implicat
action (segment) djustmen (SNR) er (SNR) plications
Mountainous terrain is sensi-
Relay' UAV Relay UAV- Move ~30 m toward the Improved by tive to local propagation-path
position command post near the 10~11 dB . . .
. Recon UAV . . ~15 dB changes; on-site relocation cri-
adjustment link-threshold region . .
teria are required
mmand-post . . tabl . . .
CZntennadtIi)l(; * | Command post- |Slightly up-tilt the command-post Ur(llsovs ¢ Stable at Geometric alignment reflecting
. Relay UAV panel antenna (+6°) - 16~20 dB elevation differences is effective
adjustment sensitivity)

)\

J8 5. AF A9 A 43 A
Fig. 5. Locations of failed and successful demonstration
cases.
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