
Real-time Ocean Surface Current Measurements 
 in the Gulf of Mexico 

 

Seth Zuckerman 
Steven P. Anderson 

Areté Associates 
1550 Crystal Drive, Suite 703 

Arlington, VA 22202 
szuckerman@arete.com 

Grant Stuart 
Fugro GEOS 
6100 Hillcroft 

Houston, TX 77081 

Cortis Cooper 
Chevron 

6001 Bollinger Canyon Road 
San Ramon, CA 94583 

 
 

Abstract—This paper reports on a series of airborne data 
collections we made in the Gulf of Mexico using the Remote 
Ocean Current Imaging System (ROCIS) to measure surface 
currents in real-time. ROCIS provides high spatial resolution 
over large areas of the ocean in a way not previously available 
with existing technologies. Such current measurements can be 
employed for improved regional ocean forecasting and a better 
understanding of mesoscale processes. 

I. INTRODUCTION 
Accurate and timely knowledge of ocean surface currents is 

important for a variety of scientific and operational 
applications. Existing methodologies based on satellite feature 
tracking [1] and altimetry [2], high frequency (HF) radars [3], 
drifting buoys [4], and Acoustic Doppler Current Profilers [5]-
[6] (ADCPs) are well established but not optimal for obtaining 
high spatial resolution measurements over broad areas. 
Satellite and HF radar techniques provide large coverage areas 
but have limited spatial resolution. In addition, satellite 
methods are limited by cloud cover and the performance of HF 
radars varies with environmental conditions. Drifting buoys 
only provide Lagrangian measurements and may drift out of 
the region of interest. Moored ADCPs only provide point 
measurements and shipboard ADCPs are limited by the speed 
of the vessel being used and have limited utility in high sea 
states. 

The Remote Ocean Current Imaging System (ROCIS) was 
developed to provide high resolution maps of surface currents 
over large areas. ROCIS exploits space-time processing of 
airborne ocean wave imagery to produce maps of surface 
currents in real-time. Broad areas of the ocean can be covered 
during the duration of a single flight with measurements taken 
at a level of detail to allow small-scale circulation features to 
be identified. 

ROCIS is an extension of previous airborne imaging 
systems developed to remotely sense near-shore ocean currents 
[7]-[8]. A previous version of the system was first flown in 
October 2012 over the Gulf of Mexico [9]-[10]. However, it 
was not real-time and required post-processing of image data to 
retrieve current measurements. This paper reports on our 
advances since then upgrading ROCIS to operate in real-time 
and on our multi-month deployment of the system to the Gulf 
of Mexico. 

Section II provides an overview of the technology of the 
system. Section III reviews our field collections and results. 
Section IV discusses comparison of results to in situ data and 
the performance of ROCIS as a function of environmental 
parameters. Section V discusses sources of error, Section VI 
lessons learned, and Section VII provides a summary and 
conclusion.   

II. TECHNOLOGY 

A. Hardware 
Low equipment and operational costs were a system design 

goal. ROCIS is made up of commercial-off-the-shelf (COTS) 
cameras and image hardware components. The system can 
quickly be installed into any survey aircraft with a 
photogrammetric hole. Fig. 1 shows the system installed on 
one of two King Air aircrafts used during our 2015 field 
collections. 

ROCIS utilizes two cameras, one pointing forward and one 
backward, to mitigate the effect of sun glint contaminating the 
imagery from one direction. The cameras are 8-megapixel 
Prosilica panchromatic CCDs (3296 x 2472), with 18mm 
lenses and red filters. This yields a field of view of 54° by 40°, 
with the larger dimension oriented along the direction of flight 
to provide increased dwell.  

The cameras image the water surface at 2 Hz, using a signal 
generated by a trigger box to synchronize both cameras with 
the inertial navigation system (INS). The INS is an Applanix 
POS-AV 410 with Fugro StarFix augmentation, which 
provides highly accurate real-time position and orientation 
information. Boresighting of the INS to the individual cameras 
is accomplished by flying over targets with known locations 
and determining offset angles through an iterative best fit 
process. 

The data acquisition computer (DAQ) is an Intel core i7, 
3.6 GHz, with 8 GB of RAM running Windows 7. Data are 
recorded onto 4 solid state drives (SSDs)—each camera is 
mirrored to its own pair of SSDs. This provides data 
redundancy and obviates the need to back up the data post-
flight before further analysis can be started. The DAQ is 
controlled from a generic laptop via a remote desktop 
connection. 
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Fig. 1. (a) ROCIS installed on one of two King Air airc
collections. A yellow arrow points to the imaging payloa
the aircraft. (b) A view from under the aircraft showin
pointing in opposite directions. Also visible is a tube fo
expendable bathythermographs (AXBTs) or airborne 
profilers (AXCPs). 
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Fig. 2. ROCIS real-time current measurements from M
detailed structure of the Loop Current is visible, with c
m/s at maximum. Dashed lines indicate the location o
fronts. 
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Fig. 4. In situ comparison: ROCIS real-time curren
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cameras and IMU are estimated through an iterative best fit 
process. In our experience, these offset angles must be known 
to an accuracy of ±0.05° or drift will appear in the image 
stacks. We verified the accuracy of the calculated offsets by 
creating movies of georeferenced images either over the airport 
itself or over the beach the aircraft passed over on its way out 
to the survey region. In both instances, the surface height of the 
land was known from prior GPS measurements. In this way, 
any drift in the movie is solely due to errors in the offset 
angles. If excessive drift is present, then a recalculation of the 
offset angles is needed. Thus, through this iterative process 
errors due to inexact knowledge of the offset angles are 
reduced and made negligible. 

Currently, imprecise knowledge of the water surface height 
is a large contributing factor to retrieved current error. The 
water surface height used in the algorithm is extracted from the 
geopotential Earth Gravitational Model 1996 (EGM96). This is 
a static ocean surface model, but the open ocean topography is 
modulated by tides and mesoscale variability which are not 
accounted for at this time.   

A surface height error causes a drift in the image stack in 
the along-track direction, either toward or away from the 
direction of flight depending on whether the surface height is 
over- or under-valued. This drift vector is an additive error to 
the underlying current vector, and is inversely proportional to 
flight altitude. Theoretical calculations suggest that a 1 m 
height error produces a 1.7 cm/s along-track current error at 
2100 m but a 4.0 cm/s error at 900 m. Qualitatively, we have 
observed higher point-to-point noise in the retrieved currents 
from flights at lower altitudes than higher altitudes. Ongoing 
efforts are underway to better quantify this result.  

VI. LESSONS LEARNED 

A. Real-time Measurements 
Though more complicated analyses will always require 

post-processing of image data, we found several important 
benefits to having real-time processing and visualization. First, 
data quality checks can happen in real-time instead of waiting 
until after landing. The operator is able to visualize the current 
vectors as they are calculated. If several vectors in a row are 
erroneous, this may be an indication that an algorithm 
parameter needs adjustment. Additionally, the operator can 
redirect the aircraft in stride to focus on particular ocean 
features of interest. Lastly, and most importantly, real-time 
processing provides rapid data distribution to end-users. 
Immediately upon landing, a text file with measurements can 
be uploaded to a data server for timely regional ocean 
forecasting. 

B. Aircraft Operations 
Five months of near daily flights required intensive 

manpower from both operators and pilots. Crews were 
regularly switched out after 2-4 weeks in the field. In addition, 
FAA aircraft regulations required maintenance to be performed 
after 100 hours of flight which occurred approximately once a 
month. To accommodate this requirement while not losing 7-
10 days of collections, two aircraft were used and the imaging 
payload was moved back and forth. Each move required a 
recalibration of the cameras as we found that the boresight 

offset angles changed by more than 0.05° with each 
reinstallation.  

ROCIS from an unmanned aerial vehicle (UAV) is a long-
term option. UAV flight speeds are much slower than the King 
Air, which will allow for much lower flight altitudes to achieve 
similar dwells. The UAV could be launched directly from a 
boat or other offshore platform. Since the UAV would already 
be in the survey region, data coverage would be approximately 
equal to that of a manned aircraft, which requires extensive 
transit distances. 

UAVs can be used for near-shore wave imaging where land 
in the scene is used for image registration [11]. For offshore 
applications, the limiting technology is the class of INS 
available on such UAVs, which are not accurate enough for 
direct current measurements. However, we believe that within 
five years the technology will exist to operate ROCIS from a 
UAV. 

VII. CONCLUSIONS 
ROCIS exploits space-time processing of ocean wave 

imagery to produce maps of surface currents in real-time. Real-
time currents have high spatial resolution over large areas and 
are collected in a matter of hours. Post-processing of the 
imagery data creates additional data sets with swaths of 
currents useful for investigating a variety of mesoscale 
features. The system is made from COTS components and is 
designed to be quickly installed on any survey aircraft.  

From February to June 2015, we flew near daily flights 
over the Loop Current in the Gulf of Mexico. On several 
occasions we flew over an in situ buoy. A current comparison 
with a DCS yielded good agreement, and environmental data 
showed the range of wind and wave conditions that ROCIS is 
able to successfully operate under. 

ROCIS is well suited to operational missions such as search 
and rescue and oil spill response, where timely knowledge of 
surface currents is crucial. As UAV technology improves, 
ROCIS technology will migrate to small fixed wing UAVs for 
cheaper and safer data collections.  
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