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[ Background ]

UAVs offer a new dimension to legacy wireless networking by enabling Troposphere
altitudes for spatial/altitude reuse. UAVs can effectively relay traffic from a ground
node to another one without causing any major interference to the rest of the ground
nodes. A robust and self-healing 3D directional mesh can potentially double the
aggregate throughput at every layer going up, and hence, open up a super-linear
throughput increase possibility for wireless networking. However, directional RF
antennas in legacy sub-6GHz bands are bulky in size. Thus, these spatial reuse
potentials depend on the feasibility of equipping UAVs with highly directional antennas
utilizing 60+GHz bands. Integrating highly directional RF antennas to mobile platforms
like UAVs is a major challenge due to payload restrictions and form factor. At 60+GHz
bands such as mmWave and free-space-optical (FSO), small form factor and low-power
directional LOS communication is possible [1]. 60+GHz channels are unlicensed and
provide a significantly higher bandwidth [2]. Despite their advantages, these mmWave
and FSO channels are prone to mobility and require LOS discovery and maintenance.
Tackling the LOS alignment requirements has been a major challenge of mobile
mmWave and FSO research.
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Figure 1: Inter-UAV mmWave/FSO communication enables spatial reuse in Troposphere.

Advantages of mmWave/FSO to Complement RF:
v More Secure: Highly directional => low probability of interception
v' Small size and weight: Dense packaging is possible

v' Very low cost and reliable components
" <60 cents a piece, and <s$5 per LED transceiver package + up to 10 years lifetime

v" Very low power consumption (100 microwatts for 10-100 Mbps!)

= Evenlower power for 1-10 Mbps
" 4-5 orders of magnitude improvement over RF

v Huge spatial reuse => multiple parallel channels for bandwidth increases
v High data transfer rates: up to 10 Gbps

Disadvantages and Issues of mmWave/FSO:
“* Limited range (no waveguide, unlike fiber optics)
“* Need line-of-sight (LOS)
* Any obstruction or poor weather (fog, heavy rain/snow) can increase BER in a
bursty manner

“* Bigger issue: Need tight LOS alignment:
= LOS alignment must be maintained with mobility or sway!
= Effects of relative distance and mobility

In-Band LOS Discovery in 3D using Highly Directional
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[ In-Band LOS Discovery ]
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Figure 2: Scanning trajectories for LOS discovery in 3D. (a) Spiral path for synchronous
operation. (b) Random circular path for asynchronous operation.

Synchronous Discovery:

v" Synchronize discovery operation using additional omnidirectional RF
channel.

v' Steer highly directional transceiver following a spiral path.

Asynchronous Discovery:
v No clock synchronization among UAVs and no external channel available.
v' Steer highly directional transceiver following random circular paths.
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[ Simulation Results ]
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Figure 4: Asynchronous: Avg. discovery time

using optimum angular speed & reset time.

Figure 3: Synchronous: CDF and average
neighbor discovery time.
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[ Proof-of-Concept Prototype
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Figure 5: Proof-of-concept prototype with mechanically steerable FSO transceivers.

[ Experimental Results ]
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Figure 6: Experiment with one node on ground and one hovering.
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Figure 7: Experiment with both nodes hovering above ground level.
[ Future Research Directions ]

v' Utilization of Troposphere for Internet access via a 3D mesh of UAVs
equipped with FSO transceivers

v" Multi-laser modules for satellite communications, e.g., for CubeSat and
Earth-to-Mars networks
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