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Abstract- The National Data Buoy Center (NDBC) is a 
world leader in providing high quality ocean observations.  
The first coastal weather buoy systems, developed over four 
decades ago, were enormous (10 and 12-meter discus type) due 
to large power systems and electronics racks.  NDBC’s data 
collection payloads have historically provided the standard 
measurements of wind speed and direction, barometric 
pressure, air temperature, relative humidity, sea surface 
temperature and directional waves.  Data has typically been 
collected and reported using a centralized, single processor 
architecture and transmitted via the National Oceanic and 
Atmospheric Administration’s (NOAA) Geostationary 
Orbiting Environmental Satellite (GOES) on an hourly basis 
using a non-standard message format.  In more recent years, 
electronics and power systems have reduced in size allowing 
the use of smaller hulls (3-meter discus) and moorings.  
However, even these smaller observing systems remain 
complex, labor intensive, prone to human error, with require 
disassembly prior to shipment and service and support from 
vessels with large cranes for deployment and service required. 

The NDBC is currently developing a next generation sys-
tem named the Self-Contained Ocean Observing Payload 
(SCOOP).  SCOOP takes advantage of the latest in technology 
utilizing a modular approach that can be constructed, assem-
bled and installed on a variety of moored and fixed platforms, 
including a new smaller moored buoy easily deployed and ser-
viced by a less costly vessel.  SCOOP is expected to provide the 
same high quality data but be significantly smaller, less expen-
sive to produce and maintain, and more reliable.  In addition, 
the system will provide ocean temperature profiles and camera 
images. 

This paper describes the design of SCOOP, a design based 
on a distributed multi-processor architecture utilizing NDBC’s 
Smart Module (SM) technology.  Data messages are formatted 
using Extensible Markup Language (XML), an accepted indus-
try standard, with processed data messages transmitted exclu-
sively via Iridium allowing for more frequent transmissions; 
thus, decreasing the data latency, as well as the transmission 
retry capability.  SCOOP modularity allows for additional 
auxiliary devices in the architecture for new or third-party 
sensors to be integrated easily into the system.  This will pro-
vide additional expansion of ocean observation capability.  The 
power system consists of a small lightweight Lithium-Ion 
Smart Battery/Charging system that allows for easier replace-
ment, health monitoring, and remote power management.  The 
overall system is lightweight and self-contained making it easi-
er to replace in the field and eliminating the need for piecemeal 
repair.  Buoy cameras (BuoyCAM) and Automatic Identifica-
tion Systems (AIS) have been integrated into the design of 
SCOOP.  The BuoyCAM not only provides critical situational 
awareness data for counter-vandalism, but may also lead to 

additional observational capability, such as fog, cloud cover, 
surface currents and sea state. 

The presentation will also present performance data ob-
tained during three prototype deployments in the Gulf of Mex-
ico.  The performance data will be used to determine if addi-
tional design modifications are necessary prior to designating it 
as an operational system.  A total of twenty systems have been 
built, tested and are now being selectively deployed in NDBC’s 
weather buoy program. 

The 3-meter buoy has been NDBC’s weather observing 
workhorse for the past three decades.  During this period, 
technology improvements have been incremental.  SCOOP is a 
revolutionary improvement in ocean observations and will 
dramatically affect all future areas of NDBC:  production, 
testing, logistics, operations and shore-side processing of the 
data. 
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I. SYSTEM DESCRIPTION 

The vision for the system design included modules tech-
nicians would seal and test at the NDBC and would preclude 
reopening in the field.  The intention was to have smaller, 
lighter, and more reliable observing systems that could be 
deployed by smaller vessels; thus, saving operations and 
maintenance costs.  SCOOP could also be installed on a vari-
ety of existing NDBC platforms until a SCOOP-specific hull 
was designed, tested, and built. 

The design requirements called for at least the same con-
tent and quality of observations that NDBC has provided 
throughout its history with only one deviation, i.e. a decrease 
in sensor height, acceptable.  NDBC engineers, working 
through the requirements, have successfully developed a 
design that incorporated the latest in sensors and electronics. 

The main building block for the design was NDBC’s 
Smart Module (SM).  It is a low power device that is easily 
programmed for different applications.  Originally developed 
by the NDBC to convert analog sensors into smart digital 
sensors, the SM uses an MSP430 processor (very low pow-
er), a Salvo Real Time Operating System (RTOS), and has 
XBee (IEEE 802.15.4 standard) wireless communications. 

II. MODULE DESCRIPTIONS 

SCOOP is a complete ocean observation system with an 
Automatic Identification System (AIS) and imaging capabili-
ties to support situational awareness for NDBC operations.  
SCOOP consists of three (3) modules: 
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• The CAMERA-METEROLOGICAL (CAM-MET) 
module for surface observations. 

• THE POWER (PWR) module. 
• The WAVE-OCEAN module for sub-surface 

observations. 

Future plans include the potential for the addition of an 
auxiliary module, a fourth module, for interfacing third-party 
sensors or systems.  Each sensor module, powered by the 
POWER module, communicates wirelessly with each other 
or to a user interface and, together, these three or four mod-
ules form a SCOOP payload.  A SCOOP installed on a 2.4-
meter foam hull is shown in Fig. 1. 

All SCOOP buoy stations include the CAM-MET, 
POWER, and WAVE-OCEAN modules with a temperature 
sensor mounted in the bridle that is cabled to the WAVE-
OCEAN module.  Some stations are configured with either 
an Inductive Modem (IM) line with attached inductive sen-
sors or a Thermistor array, which is attached to the same type 
of plastic-coated wire rope used in the IM system.  A sum-
mary of SCOOP’s measurements, or observations, is provid-
ed in Table I. 

A. CAM-MET Module 

The CAM-MET module includes an all-in-one meteoro-
logical sensor (wind speed and direction, air pressure and 
temperature, and relative humidity), anemometer, and an 
extended range barometer. Fig. 2 shows a CAM-MET tube.  
The all-in-one sensors were designed for terrestrial use and 
are under evaluation to determine how they perform in ma-
rine applications.  In addition, these sensors do not have an 
integrated compass for wind direction.  Therefore, the NDBC 
installed a separate compass in the module that must be ori-
entated correctly in order to obtain accurate wind direction. 

 

Fig. 1. SCOOP Mounted on a 2.4-meter Foam Hull 

TABLE I. SUMMARY OF SCOOP MEASUREMENTS 

Tube Module Measurement 

C
A

M
-M

E
T

 

MET 

Vaisala WXT-520 or Gill MetPak: 

Wind speed, Wind Direction, 
Compass (inside tube) 

Barometric Pressure, Air 
Temperature, Humidity 

X-MET 

R.M. Young: 

Wind Speed, Wind Direction, 
Compass (inside tube) 

Barometric pressure (inside tube) 

AIS AIS Receiver: AIS ship data 

CAM 

BuoyCAM - 360° 

6 cameras 

9622B Iridium RUDICS modem + 
antenna 

HUB 
9602 Iridium SBD modem + 
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Wireless User Interface Radio 
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POWER

Power Health data 

Four (4) solar panels 

Lithium battery pack with smart 
controller 

W
A

V
E

-O
C

E
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N
 

WAVE DDWM: Directional waves 

OCEAN 

SST. NOTE: Serial Seabird sensor 
can be T or CT. 

Sub surface profile: 

IMM system - 9 positions of either 
T, TP, CT or CTD 

or 

Thermistor array 

 

The cameras, AIS receiver, extended barometer, electron-
ics and antennas are housed within an acrylic tube that has o-
ring seals on both end caps.  The tube and connectors located 
on the bottom end cap are watertight.   A chassis facilitates 
mounting of the internal equipment and is fixed to the bot-
tom end cap as well.  A reflective film is applied to the tube 
to reduce thermal heating from the sun. 

The CAM-MET module has a Smart Module (SM) that 
acts as the system hub.  It communicates wirelessly with the 
eight other SCOOP Smart Modules to collect their data and 
then transfers this data to the Iridium modem.  Communica-
tion with the HUB or any individual SM is also possible via 
a wireless technician interface. 
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POWER 
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MEASUREMENT

 SCO
 Mean

Diff

ometer 
hPa) 0.18

Wind 
ection 
deg) 7.98

d Speed 
m/s) 0.49

d Gust 
m/s) 0.63

 

VI. SCOOP PERF

y is the best in
serving system
asurements aga
eived shore sid
payloads avera
evaluated.  Thi

e III is a comp
ot Mean Squ
meteorologica
rological instru

e proximity. 

similar compa
logical measur
meter buoy in 

comparison b
the standard w

ose proximity. 

SCOOP ALL-IN
MEASUREMEN

OOP 1 S
 

RMS 
Me
Di

0.24 0.1

2.48 1.2

0.62 0.2

0.25 0.1

21.34 8.5

0.68 0.4

0.96 0.7

OOP EXTENDE
TS COMPARISON

OOP 1 S
n  

RMS 
Me
D

0.23 0.

15.95 7.

0.69 0.

0.91 0.

FORMANCE 

ndicator of the
m.  It measures 

ainst the actua
de in real-tim
aged 98% for t
is is an except

parison of the M
uared (RMS) 
al sensor measu
uments on a 3-

arison between
rements and 
close proximity

between the S
wave measurem

N ONE METEOR
NTS COMPARISO

COOP 2 
ean 
iff 

 
RMS 

M

19 0.23 

20 1.73 

29 0.41 

13 0.17 

51 14.12 

46 0.63 

72 0.95 

ED METEOROL
N 

SCOOP 2 
ean 

Diff 
 

RMS 

15 0.18 

67 13.50 

36 0.54 

54 0.78 

e overall per-
the total pos-
al number of 

me. The three 
the first three 
tional perfor-

Mean Differ-
between the 

urements and 
-meter opera-

n the SCOOP 
the standard 
y. 

COOP wave 
ments from a 

ROLOGICAL 
ON 

SCOOP 3 
Mean 
Diff 

 
RMS 

0.20 0.26 

1.85 2.31 

0.50 0.61 

0.26 0.32 

9.27 15.46 

0.48 0.68 

0.71 0.96 

LOGICAL SEN-

SCOOP 3
Mean 
Diff 

 
RMS

0.29 0.32

8.66 15.05

0.45 0.66

0.59 0.83

 



TABLE V. SCOOP WAVES MEASUREMENT 

COMPARISON 

 SCOOP 1 SCOOP 2
 Mean 

Diff 
 

RMS 
Mean 
Diff 

 
RMS 

Significant 
Wave Height 

(m) 
<0.01 0.12 <0.01 0.10 

Dominant 
Period (s) 

<0.01 0.70 0.03 0.72 

Average 
Period (s) 

0.04 0.20 0.00 0.14 

Mean Wave 
Direction 

(deg) 
3.2 24.3 2.8 26.2 

 

The image shown in Fig. 7 is a typical, hourly image 
provided by the SCOOP payload.  Additional higher  

resolution images may be obtained by remotely dialing into 
the SCOOP Iridium modem. 

 
Fig. 7.  Typical SCOOP Camera Image 

VII. CONCLUSIONS 

As a prototype ocean observing system, SCOOP has per-
formed extremely well. The meteorological measurements 
meet NDBC accuracy requirements and SCOOP provides 
additional measurement capabilities and situational aware-
ness that was not possible before.  The design of the system 
is expected to be more reliable and reduce costs.  The 
SCOOP has a bright future for NDBC ocean observations 
and been deployed at several operational stations replacing 
older legacy equipment.  The NDBC’s weather buoy, hurri-
cane, and Coastal-Marine Automated Network arrays will be 
tech refreshed with SCOOPs during the next phase of the 
project and with expected completion by 2020. 
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