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Indirect Line-of-Sight Free Space Optics

Introduction

Free Space Optics (FSO) enables networking between nodes without direct physical connection through
transmission of light signals propagating in free space. The use of light beams mandate line-of-sight
(LOS) between the FSO nodes and FSO operators choose locations of FSO nodes such that LOS is
satisfied. In practice, scenarios exist where an FSO network is desired, but the location of the FSO nodes
are outside of LOS or a temporary optical obstruction inhibits LOS. This memorandum introduces a
process for achieving FSO networks without direct LOS through the use of a novel modulating retro-
reflector (MRR) network relay.

Background

MRR systems couple an optical retro-reflector and an electro-optic shutter to allow two-way optical
communications [1]. The figure below illustrates basic operation of an MRR. The concept of operation
is as follows. As the MRR possess the same properties as a traditional optical retro-reflector, the FSO
terminal points its transmit light beam at the MRR and acquires the reflected light beam. Upon
successful acquisition, the FSO terminal enters a tracking stage to optimize signal-to-noise (SNR) of the
light beam. Communication to the MRR operates by the FSO terminal modulating its data stream onto
the transmitted light beam and the MRR employs an optical receiver to recover the data stream, using
standard techniques. The MRR transmits data by modulating its data stream onto the reflected light
beam. The FSO terminal receives the reflected light beam and recovers the data stream using standard
techniques. See [1] for more details.
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Figure 1- Modulating Retro-Reflector Operation [1]
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Description and Operation

The figure below shows a block diagram of an exemplar indirect LOS FSO network. Only two FSO
terminals are shown for clarity. The table below defines the components from the block diagram. The
concept of operation follows.
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Figure 2 — Indirect LOS FSO Network Block Diagram
Component Description
FSO Terminal FSO endpoint, interfaces with external
network, communicates data source optically
MRR Functions as both an retro-reflector and
modulates reflected light beam
Optical Receiver Demodulates light beam into data source
MRR Network Relay Coordinates network traffic between FSO
terminals, provides network switch
functionality

Table 1 — QoS FSO Component Descriptions

The concept of operation is now presented. A set of FSO terminals do not have LOS to each other, but
have LOS to the MRR network relay; the figure below shows a two terminal configuration for illustrative
purposes. Each FSO terminal connects to the MRR network relay using the standard procedure to
connect to a traditional MRR as described above. The MRR network relay both coordinates and routes
data among the FSO terminals. The MRR achieves coordination through network synchronization
techniques. An example technique is time-division multiple access (TDMA). As terminals connect and
disconnect from the MRR network relay, it constructs a routing table. As network packets are received
from the FSO terminals, the MRR network relay routes the packets to the destination FSO terminal using
this table.
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Figure 3- Indirect LOS FSO Example

Summary

This memorandum introduced a process for implementing an indirect LOS FSO network. This process
enables FSO systems without LOS to form an FSO network in scenarios where LOS is optically
obstructed.
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