DISTRIBUTION STATEMENT A. Approved for public release; distribution is unlimited.
Optical Data Transmission in a Turbid Environment

Norman Farr
Applied Ocean Physics and Engineering
Woods Hole Oceanographic Institution
MS# 18
Woods Hole, MA 02543
phone: (508) 289-3499 fax: (508) 457-2154 email:nfarr@whoi.edu
Award Number: N00014-10-1-0202

In collaboration with:

Emmanuel Boss
School of Marine Sciences
5706 Aubert Hall
University Of Maine
Orono, Maine, USA 04469-5706
phone: (207) 581-4378 fax: (207) 581-4388 email: emmanuel.boss@maine.edu

Paul S. Hill
Department of Oceanography
Dalhousie University
Halifax, Nova Scotia, CANADA B3H 4J1
phone: (902) 494-2266 fax: (902) 494-3877 email: paul.hill@dal.ca

Brent Law and Timothy G. Milligan
Fisheries and Oceans Canada
Bedford Institute of Oceanography
1 Challenger Drive
Dartmouth, Nova Scotia, CANADA B2Y 4A2
phone: (902) 426-3273 fax: (902) 426-6695 email: milligant@mar.dfo-mpo.gc.ca

John H. Trowbridge
Woods Hole Oceanographic Institution
Woods Hole, MA 02543
phone: 508-289-2296 fax: 508-457-2194 e-mail: jtrowbridge@whoi.edu

Chris R. Sherwood
Woods Hole Oceanographic Institution
U. S. Geological Survey, Coastal and Marine Geology
384 Woods Hole Road
Woods Hole, MA 02543-1598
phone: 508-457-2269 fax: 508-457-2310 e-mail: csherwood@usgs.gov



Form Approved

Report Documentation Page OMB No. 0704-0188

Public reporting burden for the collection of information is estimated to average 1 hour per response, including the time for reviewing instructions, searching existing data sources, gathering and
maintaining the data needed, and completing and reviewing the collection of information. Send comments regarding this burden estimate or any other aspect of this collection of information,
including suggestions for reducing this burden, to Washington Headquarters Services, Directorate for Information Operations and Reports, 1215 Jefferson Davis Highway, Suite 1204, Arlington
VA 22202-4302. Respondents should be aware that notwithstanding any other provision of law, no person shall be subject to a penalty for failing to comply with a collection of information if it
does not display a currently valid OMB control number.

1. REPORT DATE 3. DATES COVERED
30 SEP 2011 2. REPORT TYPE 00-00-2011 to 00-00-2011
4. TITLE AND SUBTITLE 5a. CONTRACT NUMBER

Optical Data Transmission in a Turbid Environment £b. GRANT NUMBER

5c. PROGRAM ELEMENT NUMBER

6. AUTHOR(S) 5d. PROJECT NUMBER

5e. TASK NUMBER

5f. WORK UNIT NUMBER

7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES) 8. PERFORMING ORGANIZATION
W oods Hole Oceanogr aphic I nstitution,Applied Ocean Physics and REPORT NUMBER
Engineering,Woods Hole,M A,02543

9. SPONSORING/MONITORING AGENCY NAME(S) AND ADDRESS(ES) 10. SPONSOR/MONITOR’'S ACRONYM(S)
11. SPONSOR/MONITOR’ S REPORT
NUMBER(S)

12. DISTRIBUTION/AVAILABILITY STATEMENT

Approved for public release; distribution unlimited

13. SUPPLEMENTARY NOTES

14. ABSTRACT

15. SUBJECT TERMS

16. SECURITY CLASSIFICATION OF: 17. LIMITATION OF 18. NUMBER 19a. NAME OF

ABSTRACT OF PAGES RESPONSIBLE PERSON
a REPORT b. ABSTRACT c. THISPAGE Sa_me as 3
unclassified unclassified unclassified Report (SAR)

Standard Form 298 (Rev. 8-98)
Prescribed by ANSI Std Z39-18



LONG-TERM GOALS

The goal of this research is to measure the effects of varying amounts of suspended particulate near the
sea floor on data transmission with a free space, omni-directional, optical link and to test the viability
of communicating through the air-sea interface . A better understanding of turbulence and turbidity and
their influence on the optical channel are critical to the development of optical communications in
coastal waters.

OBJECTIVES

1. Deploy an optical telemetry system in a location where optical properties are measured by our
collaborators.

2. Demonstrate optical telemetry through the air-sea interface.

3. Identify relationships between optical link performance and observed optical water properties

APPROACH

The approach is to use existing optical communications equipment and deploy it in shallow water at a
location where optical and acoustic water proprieties are being studied by other investigators. Our
optical communications testing to date has been limited to over night tests with a single
transmissometer measurement. Our collaborators will provide measurement of 9 wavelengths of
absorption and attenuation, multiple backscatter, CDOM flourometer and several other parameters. We
will measure optical link performance and received power for two wavelengths of light. Dr Boss will
compute underwater visibility which we will use to model the light field produced by the optical
modem. Collaborating with Dr. Hill, Sherwood and Trowbridge, our data will be used to develop and
constrain a sediment concentration module that will be incorporated to the Community Sediment
Transport Modeling System (CSTMS).

WORK COMPLETED

In September and October 2011, two optical telemetry systems were deployed at the MVCO 12m node
and ASIT tower. The 12 m node system consisted of tripods equipped with optical receivers and
emitters located at 1 and 3 meters off the sea floor. These tripods were initially deployed with 24
meters near the USGS/UMaine tripod. After a period of one week, one tripod was moved to reduce
separation to 15 m. Received power levels, bit error rate statistics and raw data “snapshots” were
collect at night for the link 3 meters off the seafloar for a period of three weeks. The optical receiver
located 1 meter off the seafloor was damaged during or soon after deployment. Two attempts to
replace the faulty receiver were made but were unsuccessful due to poor weather and connectivity
issues with MVCO.

At the ASIT tower an upward looking optical system equipped with a 450 nm transmissometer was
deploy on the beam located 4 meters below the surface. A downward looking system was located at a
location 12m from the surface. Received power levels, bit error statistics and “raw data” snapshots
were collected for 1 month.



RESULTS

Equipment was just recovered last week (Nov 26). Results are not yet available, however a snapshot of
raw data acquired at the 12 meter node is shown below.

Raw optical data fro 12 meter node, MVCO

IMPACT/APPLICATIONS

The performance of optical communications in highly varying turbid environments will enhance
understanding of the viability of optical communications is such environments. This is important for
developing performance models for optical communications.

RELATED PROJECTS

The WHOI optical communications group is also funded by NSF
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