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278 CONRAD, ROWLEY, AND THAMPAN

8. Quantitative Risk Assessment Guidelines for LPB

When quantifying acceptable probabilities of failure for military applications, a safe assumption
would be to establish that LPB shall be as safe as commercial aircraft regarding PoF. Table 3
utilizes likelihood values quantified by the International Civil Eyesafe Non eye-safe

Aviation Organization ICAO) in ICAO Doc 9859—Safety |
Management Manual. ' Consequences of failure, detailed 5
previously, are highly dependent on wavelength, irradiance,
and exposure time of the laser used for power beaming. From
Table 3, the consequences are quantified to fully define a
quantitative risk assessment for LPB. We recommend that
Table 3 be utilized with the color-coded risk assessment matrix - - —L

in Fig. 9 when evaluating LPB safety systems. Consequences
Fig. 9. Risk assessment matrix
template.

Likelihood

9. LPB Mission Scenarios

The following represent what CERDEC’s wireless power team considers candidate
mission scenarios that would benefit from laser power beaming with basic size, weight,
and power (SWAP) requirements considered. Due to power beaming in free space and in
potentially chaotic environments, these applications all would require robust safety system
implementation.

Scenario 1: Unmanned ground vehicle power beaming

Unmanned ground vehicles (UG Vs) provide a versatile platform to act as an extension into
hostile territory while minimizing direct risk to the soldier from enemy fire. UGVs can act
as both forward scouts to a squad as decoys to broadeast radio frequencies away from a
squad to better remain undetected from adversaries. This buffer from direct threats can be
maintained via optical power links from LPB. Laser power transmitters can be towed on the
back of an all-terrain military vehicle tasked with securing the perimeter for an incoming
force. The trailer would leverage existing fielded equipment such as the CERBERUS"
operational surveillance system with power beaming optics for transmission above the eye
level of soldiers. For this scenario, size and power requirements of the QinetiQ TALON'®
were used as a model of typical UGV specifications, assuming a photovoltaic conversion
efficiency of 30%."

If the laser transmitter is elevated such as shown in Fig. 10, no direct line-of-sight
hazard is presented to soldiers near the laser transmitter. As the laser propagates toward the
UGV, risk increases for humans in its vicinity. If reliable safety controls are implemented,
eye-safe wavelengths are used, and soldiers do not approach forward-operating UG Vs during
charging, overall risk is predicted to be low.

Scenario 2: Small unmanned aerial system power beaming

Threat 1dentification utilizing low-altitude intelligence, surveillance, and reconnaissance
(ISR) unmanned aerial systems (UAS) became standard during recent wars in Iraq and

Journal of Directed Energy 6, Spring 2019
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240 ROSS

their real lasting legacy beyond demonstrating the possibility of controlled flight was the
basic principle of raising one side of the wing while lowering the other, the shape of the
propeller and the training of the first generation of pilots. It was Glenn Curtiss, one of the
original members of the Aerial Experiment Association (AEA), founded by Alexander
Graham Bell, who won the transition war and made the first truly useful aircraft on a large
scale. The Wright brothers and their company only built about 120 planes.” By comparison,
the Curtiss Aviation company sold over 6000 IN-4 (Jenny) airplanes, only one of several
production models, by 1919.

The success of the Curtiss airplanes stemmed from several factors. First, Curtiss was
chosen as a member of the AEA in part because he was already the head of a motorcycle
and aviation engine manufacturing company.* Curtiss came later to the building of flying
machines, 1907, than did the Wright brothers, but his technical approach rapidly outpaced
theirs and it is Glenn Curtiss who is the true father of American civil, naval, and military
aviation. Curtiss’s approach to engineering can perhaps be best illustrated by his invention
of the pontoon plane, then called a hydroaeroplane. Curtiss started by putting canoes on the
landing skids of the AEA June Bug and kept the speed down until the first issue arose—the
plane started to nose down due to drag. He then went back to the shop and modified the
shape of the canoes, then back to the lake solving a variety of lift, drag, and stability issues
one at a time using what we would now call an experimentation and prototyping approach
until he had a plane that could take off and land from the water, later implemented on a
Curtiss model D. Curtiss aircraft were the product of a collaborative association with people
of differing technical backgrounds. He ran his company the same way—getting a diverse
pool of the best talent and actively seeking collaborative ventures.

By contrast, the Wright brothers were spending most of their energy during this time
period in fighting patent wars, attempting to stop others from manufacturing airplanes and
demanding exorbitant licensing fees (about 20% of the sales price). The Wrights were
notoriously averse to anyone else’s technology—at one point Glen Curtiss offered them
one of his aviation engines for free. The offered engine was 50 hp and nearly double the
power-to-weight ratio of the Wright 1908 4-40 engine. They turned him down. Time that
could have been spent improving airplanes, improving manufacturing, or making planes
more useful was lost to “not invented here.”

Third lesson: Multi-disciplinary manufacturing, experimentation, interdisciplinary
engineering, and prototyping with an interface-driven approach beats a technology-centric
approach, especially if the technologists are stove-piped or are waiting until TRL4 or TRLS
to include interface considerations.

1.2 Optimization problem of product development

There are three general acquisition lessons that can be drawn from the early history of flight:

L] A technology-centric approach (making a component technology and then figuring
out its interfaces) will reach TRL3 first and then fail, requiring extensive re-designs
that may or may not happen (Langley).

L] An interface-driven approach (letting interfaces guide technology development) that
ignores manufacturing or the broader view of interfaces, will reach TRL4 first and
then stagnate (Wright brothers).

Journal of Directed Energy 6, Spring 2019
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LASER COMMUNICATION: SECURE, HIGH-BANDWIDTH, AIREORNE 229

transmit capability. This existing RF bottleneck on an MQ-9 1s mitigated by lasercomm data
rates. Both air-to-ground and air-to-air data rates of 10 Gbps over distances greater than 167
km (100 mi) have been demonstrated.*

2. Why Lasercomm?

GA-ASI is developing ALCOS for use on its family of UAVs. The advantages of laser-
comm follow:

B Anti-jam

B Low probability of interception/low probability of detection (LPI/LPD)

B High datarate
]

Unlimited spectrum

2.1 Anti-jam

It is extremely difficult to gain entry into a coherent spacecraft lasercomm receiver. As
shown m Table 1, with a receive field of view (FOV) of 30 urad, the resulting footprint
on Earth from a GEOSAT, is approximately 1 km. With a satellite using a laser receiver,
an adversary would have to be within 1 km of the aircraft to have a potential line of sight
(LOS) into the satellite receiver. In our application, the satellite uses a homodyne receiver
that demodulates the incoming beam using synchronous detection. To gain entry into the
satellite homodyne receiver, the frequency of the adversary laser must (virtually) exactly
match the frequency of the local oscillator of the satellite receiver. Without this frequency
match, the incoming beam cannot access the coherent receiver. Even if an adversary laser
beam entered the lasercomm-receiver optical FOV, it would not gain entry into the homodyne
receiver unless its frequency matched that of the local oscillator.

If the RF satellite receive (Rx) antenna FOV were }2°, the area on Earth with an LOS
into the satellite Rx antenna is a roughly circular area of 312-km diameter, over two orders
of magnitude larger than that of a lasercomm receiver.

Table 1. GEO Comm Links: Resulting Earth Footprints

GEO comm link Space Rx FOV Zone on Earth with LOS into space receiver
Diameter Area
Laser 30 prad 1.07 km? 0.9 km?
RF 150 312 km? 76,415 km?
RF 1° 624 km? 305,660 km?
2.2 LPIILPD

With an extremely narrow UAV transmit (Tx) beam divergence, it is extremely unlikely
that an adversary would either detect the UAV transmission or be able to intercept it. A
laser beam with a divergence of 30 urad, would only grow to a diameter of 1.1 m at the
top of the stratosphere (48 km). With minimal scattering of the Tx beam, as it emanates
from an airborne platform at an altitude of 12.20 km (40,000 ft), it would be difficult for

Journal of Directed Energy 6, Spring 2019



	Legal, Public and Unpublished Materials
	Theses and Dissertations


