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METHOD, SYSTEM, AND MACHINE TO 
TRACK AND ANTICIPATE THE MOVEMENT 
OF FLUID SPILLS WHEN MOVING WITH 

WATER FLOW 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application claims the bene?t of the ?ling date 
of US. Provisional Patent Application No. 61/478,823, attor 
ney docket number 004159007039, ?led on Apr. 25, 2011, 
the disclosure of Which is incorporated by reference herein in 
its entirety. 
[0002] This application relates to co-pending U.S. Non 
provisional patent application Ser. No. attorney 
docket number 004159007039, by O’Regan et al, titled 
“Method And Tracking Device for Tracking Movement in a 
Marine Environment,” ?led on Apr. 24, 2012, the disclosure 
of Which is incorporated by reference herein in its entirety. 

BACKGROUND OF THE INVENTION 

[0003] 1. Field of the Invention 
[0004] Embodiments of the invention relate to systems, 
machines, and methods for tracking movement. More speci? 
cally, embodiments of the present invention relate to a real 
time tracking system for processing location data from track 
ing devices deployed in a marine environment. 
[0005] 2. Description of the Related Art 
[0006] During an oil spill emergency, responders need to 
knoW tWo essential facts upfront: (1) the exact location and 
siZe of the oil slick, and (2) the potential impact of the slick on 
industrial facilities and sensitive environmental areas. These 
facts are monitored throughout the duration of the emergency 
to plan oil containment and recovery efforts, and monitor the 
effectiveness of the response efforts. Currently, oil spill 
responders gain this information through visual observations 
and verbal radio reports from in-?eld support vessels, plus 
periodical aircraft ?yovers. This approach is subjective and 
has some fundamental limitationsiespecially at night When 
visibility is effectively Zero. Storms and severe offshore 
Weather conditions can also restrict the deployment of heli 
copters and pollution control assets, While at the same time, 
accelerating the movement of the oil slick via stronger sea 
currents. 

[0007] Along With visual observations, oil spill responders 
make extensive use of computeriZed oil slick trajectory mod 
els. These simulate the expected movement and fate of the oil 
based on complex mathematical calculations, scienti?c 
assumptions and Weather forecasts. Although these models 
are useful tools, they can never correctly estimate the actual or 
true path of the oil, due to limitations in both the mathematical 
models and the Weather and sea-state forecasts. Although 
scienti?c prediction helps With “best-guess” tactical plan 
ning, the reality of the oil slick’s dispersion is What matters. 
[0008] Previous attempts to monitor oil slicks have utiliZed 
rigid and heavy, industrially-fabricated ?oatation buoys to 
house electronic tracking devices, such as those described in 
US. Pat. No. 5,481,904 (Fleck, 1996), and US. Pat. No. 
5,654,692 (Baxter, 1997). Additionally, maritime govem 
ment agencies and academic institutes have experimented 
With ?oating tracking buoys for over 3 decades. For example, 
in 1994, Goodman and Beatty empirically ?eld tested differ 
ent combinations of ?oating buoys and electronics packages 
(see Ron H. Goodman, Debra Simecek-Beatty, and Don Hod 
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gins, Tracking Buoysfor Oil Spills, International Oil Spill 
Conference (1994) available at http://iosc.org/papers/02212. 
pdf). Similarly, Garcia-Ladona et.al (2002) tested different 
“surface drifting ?oats” to monitor and predict the movement 
of the Prestige oil slick off the North Western Spanish Coast 
(see Garcia-Ladona, Font et al The use of surface drifting 
?oats in the monitoring ofoil spills: the Prestige case, Inter 
national Oil Spill Conference (2005) available at WvvW.iosc. 
org/papers_posters/IOSC%202005%20a367.pdf). The goal 
in all cases is to create a device that Will ?oat at the same 
velocity and direction as the oil. In reality, none of these 
devices has achieved the goal. The monitors used in the prior 
art have been large rigid, industrially fabricated ?oating 
buoys that project a signi?cant amount of surface area above 
the Water level. This surface area results in signi?cant aero 
dynamic Wind forces that cause such buoys to have velocities 
and directions different than that of the sea surface or oil 
spilled into the sea. 
[0009] The prior art has employed expensive, bulky tran 
sponders such as ARGOS. Beyond the physical limitations of 
such buoys, the cost has been a barrier to mainstreaming 
tracking buoys into the oil spill responder’s ‘tool kit’. These 
prior art spill tracking devices had limited value beyond oil 
spill tracking due to their siZe, Weight and cost. 
[0010] The softWare interfaces and data ?oWs used in the 
prior art have been limited. The raW data has typically been 
transmitted from the ?oating device and sent directly to a 
scientist or technician’s laptop computer, Where it has been 
interpreted and made into custom one-off map diagrams. 
These maps have then been relayed to stakeholders via email 
or PoWerPoint presentations. It is an ad hoc, “grass-roots” 
approach to communication and decision-making Which 
leads to errors and time delays. 

SUMMARY OF THE INVENTION 

[0011] Applicant has recogniZed that it Would be bene?cial 
to develop a system that could not only be useful for ?uid 
spills, but that could also be used in other application such as 
determining the precise location of ?uid spill booms, func 
tioning as a marker buoy to shoW the position of live diving 
operations, locating a life raft at an offshore facility, and 
acting as a personal locator attached to a life vest of Workers 
conducting tasks at offshore facilities. Therefore a cost-effec 
tive, multipurpose solution to address the shortfalls of the 
prior art noted above Would be desirable. 
[0012] The system, machine, and method of the current 
application provides a neW, loW-cost tool for emergency 
responders to accurately measure and map the actual move 
ment of sea currents or ?uid slicks regardless of Weather, 
sea-state, or visibility. Embodiments of the invention enhance 
both the emergency preparedness and decision making capa 
bilities of those Who Work in a marine environment by alloW 
ing emergency responders and management to see the exact 
location and behavior of the ?uid slick and rapidly plan strong 
contingency measures such as sea Water intake protection. In 
some embodiments, the solution utiliZes loW-cost, rugge 
diZed, simple tracking devices, Which can be integrated With 
a company’s existing enterprise information technology sys 
tems. 

[0013] The previous spill tracking systems had limited 
value beyond ?uid spill tracking due to the siZe, Weight and 
cost of the tracking devices. HoWever, in addition to 24 hour 
tracking of ?uid slicks, embodiments of the invention have 
potential uses in marine search and rescue operations. For 
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example, during a man overboard event, one of the devices/ 
tools could be deployed in the immediate vicinity of the 
person’s last position (eg an offshore platform or sinking 
vessel). In this example, the device Would transmit the actual 
sea currents in a local offshore area, enabling geographic 
information systems (GIS) displays to be generated that accu 
rately depict the local sea currents and focus rescue resources 
doWn current. The improved GIS maps displays could poten 
tially save time, resources, and most importantlyilives. 

[0014] Embodiments of the invention could also be used to 
track emergency life rafts stationed at offshore oil and gas 
processing facilities. In this case, the tracking device Would 
serve as a loW-cost and effective locator beacon in the event of 
the raft being deployed. 

[0015] Beyond the safety applications, embodiments of the 
invention could provide marine supervisors and planners With 
an accurate overvieW of portable offshore assets and opera 
tions. For example, the system could be used to mark the 
location of under-sea dive creWs doing underWater Welding at 
an offshore pipeline or platform. In this example, providing a 
uni?ed map-based vieW of all diving operations Would 
encourage optimiZation of resources, and could also improve 
health and safety by improving aWareness of Where the creWs 
are operating. 

[0016] In alternative applications of some embodiments of 
the invention, accurate, local sea current data could be eco 
nomically collected. Using live sea surface current data 
Would dramatically improve the accuracy of ?uid spill traj ec 
tory models and help drive more accurate decisions and con 
tingency plans. For example, the tracking devices could be 
deployed into the sea during emergency drills to simulate a 
moving ?uid spill or a man overboard event. In this example, 
GIS maps displays generated based on live data Would 
improve the realism of offshore drills and Would also enable 
the ?uid spill traj ectory models or sea surface mapping mod 
els to be scrutinized during an integrated scenario. 

[0017] Data collected With embodiments of the present 
invention could also support the design of marine engineering 
projects such as shoreline protection, upgrading sea-Water 
intakes, or dredging of sea channels or ports. For example, by 
monitoring a number of tracking devices, accurate sea-cur 
rent data could be collected across any project area on several 
dates to reduce seasonal Weather factors. Such data is expen 
sive to collect using conventional approaches. 

[0018] The system, machine, and method of the current 
application are designed to provide live situational aWareness 
of complex operations taking place in the vast and haZardous 
marine environment. The system and machine incorporates 
location data from tracking devices in real-time to map the 
location of ?uid slicks, people, assets or routine but haZardous 
operations. For example, the system may use global position 
ing systems technology and satellite communications tech 
nology to relay data (location, speed, direction and status) of 
the ?uid slick or ?oating asset at regular intervals, such as 
every 10 minutes. In this example, the location data is 
securely transmitted to a designated enterprise’s GIS (map 
ping) softWare applications through traditional intranet sys 
tems. In one or more embodiments of the invention, custom 
softWare interfaces consolidate the data and present it graphi 
cally on pre-existing information systems including GIS. In 
this case, authoriZed support staff and management could 
then visualiZe the overall location and status of all critical 
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marine operations on detailed, interactive map displays on 
their personal computers or Control Center Wall display 
screens. 

[0019] In one embodiment, the method for tracking a ?uid 
spill When moving With Water ?oW includes obtaining loca 
tion data for each of a number of tracking devices from a 
positioning satellite data repository, the location data for each 
of the respective tracking devices including a device identi?er 
and a geographic location of a tracking device and a times 
tamp for the geographic location. The method further 
includes integrating the location data of each of the tracking 
devices into a spatial data repository according to the device 
identi?er, determining a deployment location for each of the 
tracking devices based on the device identi?er, identifying, 
responsive to the deployment location and velocity of each of 
the tracking devices, a ?uid-spill subset of the tracking 
devices that Were deployed in the ?uid spill, determining a 
?uid spill location and velocity based on the geographic loca 
tions of the ?uid-spill subset, and generating a geographic 
map including the ?uid spill’s actual location and movement. 

[0020] In another embodiment, a system for tracking a ?uid 
spill includes one or more non-transitory memories, one or 
more processors, each operatively connected to at least one of 
non-transitory memories, a spatial data repository adapted to 
store spatial data for a ?uid spill response, computer-execut 
able program instructions stored on the one or more non 

transitory memories and executable by the one or more pro 
cessors, and a user display associated With the one or more 
processors and being responsive to the map module to display 
the geographic map to a user. The computer-executable pro 
gram instructions include a positioning data interface module 
executed by the one or more processors to obtain location data 
for each of numerous tracking devices from a positioning 
satellite data repository, the location data for each of the 
numerous tracking devices including a device identi?er of a 
tracking device, a geographic location and velocity (i.e., 
heading and speed) of the tracking device, and a timestamp to 
identify a time When the geographic location Was obtained, a 
spatial data interface module executed by the one or more 
processors to integrate the location data of each of the numer 
ous tracking devices into the spatial data repository according 
to the device identi?er, a spatial data manager module 
executed by the one or more processors to determine a 
deployment location for each of the numerous tracking 
devices responsive to the device identi?er and identify, 
responsive to the deployment location of each of the numer 
ous tracking devices, a ?uid-spill subset of the numerous 
tracking devices that Were deployed in the ?uid spill, a mod 
eling module executed by the one or more processors to 
determine a ?uid spill location based on the geographic loca 
tions of the ?uid-spill subset, and a map module responsive to 
the modeling module and being executed by the one or more 
processors to generate a geographic map including the ?uid 
spill location. The dynamic map may then form the basis for 
detailed tactical planning and optimal deployment of assets. 
[0021] In another embodiment, a non-transitory computer 
readable medium having computer-executable program 
instructions for tracking a ?uid spill embodied therein that 
When executed cause one or more computer processors to 
obtain location data for each of numerous tracking devices 
from a positioning satellite data repository, the location data 
for each of the numerous tracking devices including a device 
identi?er of a tracking device, a geographic location and 
velocity of the tracking device, and a timestamp to identify a 
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time When the geographic location Was obtained, integrate the 
location data of each of the numerous tracking devices into a 
spatial data repository according to the device identi?er, 
determine a deployment location for each of the plurality of 
tracking devices responsive to the device identi?er, identify, 
responsive to the deployment location and velocity of each of 
the numerous tracking devices, a ?uid-spill subset of the 
tracking devices that Were deployed in the ?uid spill, deter 
mine a ?uid spill location based on the geographic locations 
of the ?uid-spill subset, and generate a geographic map 
including the ?uid spill location. This dynamic map then 
forms the basis for tactical deployment of assets and detailed 
situational monitoring. 
[0022] In another embodiment, a machine for tracking a 
?uid spill includes one or more non-transitory memories, one 
or more processors, each operatively connected to at least one 
of the one or more non-transitory memories, a spatial data 
repository adapted to store spatial data for a ?uid spill 
response, and computer-executable program instructions 
stored on the one or more non-transitory memories and 
executable by the one or more processors. The computer 
executable program instructions include a positioning data 
interface module executed by the one or more processors to 
obtain location data for each of numerous tracking devices 
from a positioning satellite data repository, the location data 
for each of the tracking devices including a device identi?er 
of a tracking device, a geographic location and velocity of the 
tracking device, and a timestamp to identify a time When the 
geographic location Was obtained, a spatial data interface 
module executed by the one or more processors to integrate 
the location data of each tracking device into the spatial data 
repository according to the device identi?er, a spatial data 
manager module executed by the one or more processors to 
determine a deployment location for each of the tracking 
devices responsive to the device identi?er and identify, 
responsive to the deployment location of each of the numer 
ous tracking devices, a ?uid-spill subset of the tracking 
devices that Were deployed in the ?uid spill, a modeling 
module executed by the one or more processors to determine 
a ?uid spill location based on the geographic locations of the 
?uid-spill subset, and a map module responsive to the mod 
eling module and being executed by the one or more proces 
sors to generate a geographic map including the ?uid spill 
location. The dynamic map may then form the basis for tac 
tical deployment of assets and detailed situational monitor 
ing. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0023] So that the manner in Which the above-recited fea 
tures, aspects and advantages of the invention, as Well as 
others that Will become apparent, are attained and can be 
understood in detail, more particular description of the inven 
tion brie?y summarized above can be had by reference to the 
embodiments thereof that are illustrated in the draWings that 
form a part of this speci?cation. It is to be noted, hoWever, that 
the appended draWings illustrate some embodiments of the 
invention and are, therefore, not to be considered limiting of 
the invention’s scope, for the invention can admit to other 
equally effective embodiments. 
[0024] FIGS. 1-2 are schematic diagrams of systems in 
accordance With one or more embodiments of the invention. 

[0025] FIGS. 3-4 are ?oWcharts of methods in accordance 
With one or more embodiments of the invention. 
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[0026] FIGS. 5A-5B are example displays of a system in 
accordance With one or more embodiments of the invention. 
[0027] FIG. 6 is a data ?oWchart of a method in accordance 
With one or more embodiments of the invention. 

DETAILED DESCRIPTION OF THE 
DISCLOSURE 

[0028] As discussed in more detail beloW, provided in some 
embodiments are systems and methods for actively tracking 
movement using loW-cost tracking devices, Which can be 
useful for emergency response planning, tactical oil spill 
response planning, or other applications in Which movement 
is tracked in a marine environment. In one embodiment, the 
method for tracking ?uid spills When moving With a Water 
?oW includes the steps of obtaining location and movement 
data for each of a number of tracking devices from a position 
ing satellite data repository, the location data for each of the 
respective tracking devices including a device identi?er, a 
geographic location and velocity (historical and current) of a 
tracking device, and a timestamp for each geographic loca 
tion and velocity received. The method further includes inte 
grating the location and velocity data of each of the tracking 
devices into a spatial data repository according to the device 
identi?er, determining a deployment location for each of the 
tracking devices based on the device identi?er, identifying, 
responsive to the deployment location and velocity of each of 
the tracking devices, a ?uid-spill subset of the tracking 
devices that Were deployed in the ?uid spill, averaging the 
historical and current geographic locations of the ?uid-spill 
subset to determine the actual ?uid spill location, extrapolat 
ing the velocity vectors to predict the most likely future 
position based on actual sea conditions, and generating a 
geographic map shoWing the ?uid spill location along With 
the position of deployed response assets. 
[0029] In some embodiments, a tracking device may be 
described as physically tracking a movement of a desired 
object in that the tracking device is physically repositioned in 
accordance With the movement of the desired object. In this 
case, the location data collected as the tracking device is 
repositioned may be used to anticipate the movement of the 
desired object. 
[0030] FIG. 1 shoWs a schematic diagram of a system in 
accordance With one or more embodiments of the invention. 
The system comprises one or more tracking device(s) (e.g., 
102A, 102N). For example, the tracking device(s) (e.g., 
102A, 102N) may correspond to the tracking device 
described in the related, co-pending U.S. Non-provisional 
patent application Ser. No. _,_,_, attorney docket num 
ber 004159.007039, by O’Regan et al, titled “Method And 
Tracking Device for Tracking Movement in a Marine Envi 
ronment,” ?led on Apr. 24, 2012, the disclosure of Which is 
incorporated by reference herein in its entirety. 
[0031] A positioning device 104 is con?gured to provide a 
location signal that may be used to determine the location of 
the tracking devices (e.g., 102A, 102N). Speci?cally, in some 
embodiments, the positioning devices 104 may include a 
satellite or netWork toWer With a signal transmitter con?gured 
to provide radio frequency (“RF”) signals to the tracking 
devices (e.g., 102A, 102N), Where the RF signals alloW a 
tracking device to determine a precise location of the tracking 
device. For example, the positioning devices 104 may include 
a global positioning system (GPS) as Will be understood by 
those skilled in the art, Where the GPS includes multiple 
satellites that broadcast RF signals and navigation messages. 
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In this example, the RF signals are used by the tracking 
devices (e.g., 102A, 102N) to determine the distance to each 
satellite, and the navigation messages are used to determine 
the location of each satellite. The distance to and location of 
each satellite may be used to determine the global location of 
a tracking device With the aid of, for example, triangulation. 
[0032] The location determined using the positioning 
devices 104 may be transmitted by the tracking devices (e. g., 
102A, 102N) to a data processing device 105. Additional 
data, such as the speed, direction, status, timestamp, and 
device identi?er of the tracking device may also be transmit 
ted to the data processing device 105. For example, the data 
processing device 105 may be a commercial satellite system 
such as the GLOBALSTARTM constellation, a system of loW 
earth orbit satellites used for satellite phones and loW-speed 
data communications. The data processing device 105, in 
turn, transmits the collected data to either a data processing 
repository 106, such as one managed by the satellite operator, 
or directly to the spatial data repository 110. If the data is 
transmitted to a data processing repository 106, secure data 
services 108 relay the data to the spatial data repository 110. 
For example, secure data services 108 may include a custom 
softWare module that intercepts the data messages and 
securely integrates them into a spatial data repository 110. 
The spatial data repository 110 may be, for example, part of 
an enterprise GIS system that supports ?uid spill and emer 
gency response activities at all levels. Secure data services 
108 leverages standard computing environments to facilitate 
ease of integration. In some embodiments, the spatial data 
repository 110 may be an enterprise database such as the 
ORACLE® Database. ORACLE® is a registered trademark 
of Oracle Corporation, a corporation organiZed under the 
laWs of DelaWare and headquartered at 500 Oracle ParkWay, 
RedWood Shores, RedWood City, Calif., United States. GLO 
BALSTARTM is a trademark of GlobalStar, Inc., a company 
headquartered in Covington, La., United States. 
[0033] An application server(s) 112 securely accesses and 
manipulates the data stored in the spatial data repository 110. 
In one or more embodiments, the application server(s) 112 
use robust programming methods and industry standards, 
such as the JAVA® programming language and libraries, to 
ensure portability into standard computing infrastructures. 
For example, the application server(s) 112 may be compatible 
With most large-scale, corporate computing environments, 
taking little technical support to integrate With current system 
standards. JAVA® is a registered trademark of Oracle Corpo 
ration, a corporation organiZed under the laWs of DelaWare 
and headquartered at 500 Oracle ParkWay, RedWood Shores, 
RedWood City, Calif., United States. 
[0034] The application server(s) 112 present the data for 
dynamic display using commercial Geographical Informa 
tion Systems (GIS) 113, such as ARCGIS® Server and 
GOOGLE EARTHTM mapping service. For example, a GIS 
system 113 may render a real-time response map for a Wall 
display of a Control Center 115 during an emergency 
response. These advanced mapping technologies 113 enable 
incident responders and executive stakeholders 114 alike to 
vieW the status of offshore operations on a real-time, interac 
tive map display. In this example, the live data may be pushed 
directly to incident commanders and executive stakeholders 
114 in a value-added form, to support tactical decision-mak 
ing in near real-time. 

[0035] In one embodiment, after deploying the tracking 
devices around the perimeter and in the approximate center of 
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a ?uid slick, the data can be remotely and securely monitored 
in multiple emergency response centers 115, 24 hours a day 
throughout the duration of any incident. In other embodi 
ments, the tracking devices may be deployed in the leading 
edges, the center, and trailing edges of the ?uid slick for 
remote and secure monitoring via personal computing 
devices 116. ARCGIS® is a registered trademark of ESRI, a 
private company headquartered in Redlands, Calif., United 
States. GOOGLE EARTHTM is a registered trademark of 
Google Inc., a corporation organiZed under the laWs of Dela 
Ware and headquartered in Mountain VieW, Calif., United 
States. 

[0036] In one or more embodiments, the ?uid spill may 
include any combination of an oil ?uid, a chemical composi 
tion ?uid, and a hydrocarbon-based ?uid. In one or more 
embodiments, the tracking devices may be used to measure, 
record and map the sea-surface currents Without the presence 
of any contaminant(s). 
[0037] In one or more embodiments, the tracking devices 
(e.g., 102A, 102N) may communicate data to each other over 
a mesh netWork. For example, a tracking device may transmit 
the positioning signal it receives from the positioning device 
(s) 104 to other nearby tracking devices. In this example, the 
positioning signal may then be used by the other tracking 
devices to improve their GPS functionality in, for example, 
bad Weather conditions. In another example, a tracking device 
(e.g., 102A, 102N) that is unable to communicate With the 
data processing device 105 may transmit location data to 
neighboring tracking devices, Which then relay the location 
data to the data processing device 105 (i.e., the mesh netWork 
alloWs for fault tolerant communications With the data pro 
cessing device 105). 
[0038] FIG. 2 shoWs a schematic diagram of a system in 
accordance With one or more embodiments of the invention. 
The example system includes secure data services 108 inter 
acting With a data processing repository 106 and a spatial data 
repository 110. Further, the system includes an application 
server 112 that interacts With the spatial data repository 110, 
enterprise response center(s) 115, and personal computing 
device(s) 116. 
[0039] In some embodiments, the data processing reposi 
tory 106 is con?gured to store location data received from a 
data processing device (e.g., 105 of FIG. 1). The data pro 
cessing repository 106 may correspond to a server, a data 
base, ?les, a memory cache, etc. that is connected to a data 
processing device. As discussed above, the data processing 
device may be a satellite that receives location data from one 
or many tracking devices (e.g., 102A,102N ofFIG. 1). In this 
case, the data processing repository 106 may be correspond to 
a positioning satellite data repository that is con?gured to 
store location data generatedusing a positioning satellite (104 
of FIG. 1). The location data may include geographic coor 
dinates, bearing, speed, timestamp, tracking device identi? 
ers, etc. The data processing device may relay the location 
data for storage in the data processing repository 106. 
[0040] The data processing repository 106 may be con?g 
ured to receive location data from multiple data processing 
devices (e.g., 105 of FIG. 1). For example, the location data 
stored in the data processing repository 106 may be related to 
a number of tracking devices, Where data records may be 
associated to a particular tracking device based on a corre 
sponding tracking device identi?er (e.g., numeric identi?er, 
alphanumeric identi?er, globally unique identi?er, etc.). 
Other live tracking devices may provide data to be stored and 
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integrated Within the data processing repository 106 includ 
ing, for example, live vessel locations received through track 
ing transponders. In this example, the data processing reposi 
tory 106 may be continually updated such that the stored 
location data includes the real-time location data of the track 
ing devices and other data sources. The location data is con 
sidered to be ‘near real-time’ data in that the data is collected 
by the tracking devices in a very short time span (eg 10 
minutes or less) and immediately delivered to the data pro 
cessing repository 106. 
[0041] In some embodiments, the secure data services 
server 108 is a computing device con?gured to execute data 
services for processing data from sources (e.g., positioning 
device repository 106) external to a netWork (e.g., a secure 
local area network). In some embodiments, the application 
server 112 includes a processor 202, an input/ output module 
204, and memory 206. The secure data services server 108 
may include various types of computing devices that execute 
an operating system. The processor 202 may execute instruc 
tions, including instructions stored in the memory 206. The 
instructions, like the other instructions executed by comput 
ing devices herein, may be stored on a non-transitory com 
puter readable medium such as an optical disk (e.g., compact 
disc, digital versatile disk, etc.), a ?ash drive, a hard drive, or 
any other computer readable storage device. The input/ output 
module 204 of the secure data services server 108 may 
include an input module, such as a radio frequency sensor, a 
keyboard, a touch screen, and/or a mouse, and an output 
module, such as a radio frequency transmitter, a printer, and/ 
or a monitor. The secure data services server 108 may be 

connected to a local area netWork (LAN) or a Wide area 

netWork (e.g., the Internet) via a netWork interface connec 
tion. In some embodiments, the input/ output module 204 may 
take other forms. 

[0042] Further, the secure data services server 108 may be 
implemented as a node of a distributed system, Where the 
other portions of the distributed system are located on differ 
ent nodes. The nodes of the distributed system may corre 
spond to computing devices as discussed above. Altema 
tively, the nodes of the distributed system may correspond to 
multiple processors/cores With shared memory in a single 
computing device. In some embodiments, the memory 206 
includes a data processing interface 208, a spatial data inter 
face 210, and a security module 212. The aforementioned 
components of the secure data services server 108 may be 
implemented on multiple computing devices (i.e., servers), 
Where a load balancing scheme distributes requests across the 
multiple computing devices. 
[0043] In some embodiments, the data processing interface 
208 of the secure data services server 108 is con?gured to 
receive and process location data from the data processing 
repository 106. For example, the data processing interface 
208 may be con?gured to use a secure Internet protocol (e. g., 
Internet protocol security, secure sockets layer, transport 
layer security, secure shell, etc.) to connect to and receive 
location information from the data processing repository 106. 
In this example, the data packets received by the data pro 
cessing interface may be encrypted. The data processing 
interface 208 may use the security module 212 to establish the 
secure connection With the data processing repository 106 
and to interpret the encrypted data packets. 
[0044] In some embodiments, the data processing interface 
208 may be con?gured to (l) validate the location data to 
ensure the data is in the proper format; (2) retrieve location 
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data based on tracking device identi?ers; (3) monitor the 
location data for updates; etc. After the location data is pro 
cessed by the data processing interface 208, the data may be 
provided to the spatial data interface 210 for storage in the 
spatial data repository 110. 
[0045] In some embodiments, the spatial data interface 210 
of the secure data services server 108 is con?gured to store 
location data in the spatial data repository 110. For example, 
the spatial data interface 210 may be con?gured to ensure the 
location data is in the appropriate format prior to storing the 
data in the spatial data repository 110. In this example, the 
spatial data interface 210 may convert the location data to the 
appropriate data format if the data is in a different format. The 
spatial data interface 210 may also be con?gured to ensure 
that the location data is in the appropriate coordinate system. 
Speci?cally, the spatial data interface 210 may ensure that the 
location data is in the correct geographic and projected coor 
dinate systems before the data is stored in the spatial data 
repository 110. 
[0046] In some embodiments, the spatial data interface 210 
may also analyZe the individual velocity readings from a 
cluster oftracking devices (e.g., 102A and 102N ofFIG. 1) to 
determine Whether all tracking devices are sending valid 
speed readings. In this case, should any of the tracking 
devices (e.g., 102A and 102N of FIG. 1) provide unreliable 
velocity data, the spatial data interface 210 may be con?gured 
to automatically adjust the velocity to represent an average of 
the nearest neighboring tracking devices, 
[0047] A geographic coordinate system uses a 3D spherical 
surface to de?ne locations on the earth. A projected coordi 
nate system de?nes locations on a 2D surface and is based on 
a geographic coordinate system. In other Words, a projected 
coordinate system alloWs for locations de?ned on a 3D 
spherical surface to be projected onto a 2D surface. Con?rm 
ing that the location data received from the data processing 
repository 106 is in the appropriate geographic and projected 
coordinate systems ensures that the location data is compat 
ible With existing data in the spatial data repository 110, and 
that the data can be reliably visualiZed by the GIS module 113 
of the application server 112 as discussed beloW. 

[0048] In some embodiments, the spatial data repository 
110 is con?gured to store location data for use by the spatial 
data manager 236 of the GIS module 113. The spatial data 
repository 110 may correspond to a server, a database, ?les, a 
memory cache, etc. that is stored locally (e.g., located on the 
application server) or shared on a netWork (e.g., a database 
server). In some embodiments, the data processing device 
(105 of FIG. 1) may interact directly With the spatial data 
repository 110 to store collected location data. In some 
embodiments, metadata associated With the location data is 
stored in a separate repository (not shoWn). For example, the 
spatial data repository 110 and the separate repository may be 
organiZed in a distributed relational database architecture. 

[0049] In some embodiments, spatial data describes the 
geographic location of features (e.g., points of interest, indus 
trial facilities, geo-located satellite images, etc.) and bound 
aries (e.g., rivers, county boundaries, state boundaries, coun 
try boundaries, etc.). Typically, spatial data is stored in the 
form of points, polylines, polygons, vectors, imagery, or 
some other shape. For example, geographic coordinates and 
associated metadata for points of interest may be stored in a 
point map layer. Spatial data may represent a static data 
source (e. g., the location of an industrial facility) or a 
dynamic data source (e. g., the live location of a moving 
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vessel). In another example, boundaries and associated meta 
data for geographic areas may be stored in a polygon map 
layer. Spatial queries may be performed betWeen mapping 
layers by performing spatial comparisons (e.g., comparisons 
for intersections, comparisons for disjointedness, etc.) of the 
shapes in each of the mapping layers. 
[0050] In some embodiments, the spatial data repository 
110, or a related repository, is con?gured to store derived 
information that is related to the location data. For example, 
the spatial data repository 110 may also store the results of 
analysis (e.g., geographic center, trajectories, statistical clus 
ter analysis, etc.) performed on the stored location data. In 
another example, the spatial data repository 110 may also 
store metadata (e.g., descriptions, collection timestamps, 
etc.) related to the stored location data. 
[0051] In some embodiments, the security module 212 of 
the secure data services server 108 is con?gured to establish 
secure data connections and to interpret encrypted data pack 
ets. For example, the security module 212 may manage cryp 
tographic keys to be used to decrypt data packets received 
during a communication session. In this example, the cryp 
to graphic keys may be determined When the security module 
212 initiates a secure data connection With the target device. 
In some embodiments, other standard information technol 
ogy security measures may be applied to ensure all aspects of 
the secure data services server 108 are protected from unau 
thoriZed access. 

[0052] In some embodiments, the application server 112 is 
a computing device con?gured to provide application ser 
vices (e.g., mapping services, noti?cation/ messaging ser 
vices, etc.) to a number of client devices. In some embodi 
ments, the application server 112 includes a processor 222, an 
input/output module 224, and memory 226. The application 
server 112 may include various types of computing compo 
nents that execute an operating system. The processor 222 
may execute instructions, including instructions stored in the 
memory 226. The instructions, like the other instructions 
executed by computing devices herein, may be stored on a 
non-transitory computer readable medium such as an optical 
disk (e.g., compact disc, digital versatile disk, etc.), a ?ash 
drive, a hard drive, or any other computer readable storage 
device. The input/output module 224 of the application server 
112 may include an input module, such as a radio frequency 
sensor, a keyboard, a touch screen, and/or a mouse, and an 
output module, such as a radio frequency transmitter, a 
printer, and/or a monitor. The application server 112 may be 
connected to a local area netWork (LAN) or a Wide area 
netWork (e.g., the Internet) via a netWork interface connec 
tion. In some embodiments, the input/ output module 224 may 
take other forms. 

[0053] Further, the application server 112 may be imple 
mented as a node of a distributed system, Where the other 
portions of the distributed system are located on different 
nodes. The nodes of the distributed system may correspond to 
computing devices as discussed above. Alternatively, the 
nodes of the distributed system may correspond to multiple 
processors/cores With shared memory in a single computing 
device. 

[0054] In some embodiments, the memory 226 includes a 
response module 228, an asset/personnel module 230, a mod 
eling module 232, and a GIS module 113. The aforemen 
tioned components of the application server 112 may be 
implemented on multiple computing devices (i.e., servers), 
Where a load balancing scheme distributes requests across the 
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multiple computing devices. For example, the GIS module 
113 may be implemented as a separate GIS server as shoWn in 
FIG. 1. In this example, the GIS server may access output of 
the application server 112 via the spatial data repository 110. 
[0055] In some embodiments, the response module 228 of 
the application server 110 is con?gured to provide services to 
emergency responders during an emergency response. For 
example, the response module 228 may provide planning 
services, inventory services, mapping services, etc. for ?uid 
spill responders during a ?uid spill. In this example, the 
response module 228 may present output such as maps, 
inventories, status updates associated With a ?uid spill to 
responder(s) or executive stakeholder(s) (114 of FIG. 1). The 
response module 228 may alloW for responders to collaborate 
and to develop strategies during an emergency response. In 
some embodiments, the response module 228 is con?gured to 
consolidate output from other modules (e. g., asset/personnel 
module 230, modeling module 232, map module 234) of the 
application server 112 into a single application for use by the 
emergency responders. For example, the response module 
228 may be provided as a Web application that is accessible by 
emergency responders over the Internet through a Web 
broWser displayed on a Wall display of an emergency 
response center 115. In another example, the response mod 
ule 228 may provide backend services that are securely con 
sumed by a custom client executing on personal computing 
device(s) of responders (116) such as desktop computers, 
laptop computers, smartphones, etc. 
[0056] In some embodiments, the asset/personnel module 
230 of the application server 110 is con?gured to track the 
status of assets (e.g. vessels, holding tanks, or oil spill booms) 
and personnel during an emergency response. For example, 
the asset/personnel module 230 may maintain data records 
corresponding to as sets and personnel deployed for an emer 
gency response. In this example, each data record may 
include a descriptive identi?er, geographical location (i.e., 
coordinates), timestamp, status, etc. for a corresponding 
response asset or response personnel. As discussed above, the 
exact location of an asset or personnel may be received from 
a tracking device a?ixed to the asset or personnel. In this 
manner, the exact, real-time location of deployed assets and 
personnel may be monitored during an emergency response. 
[0057] In some embodiments, the modeling module 232 of 
the application server 112 is con?gured to determine the 
location, shape, and movement of a ?uid spill. Speci?cally, 
the modeling module 232 may be con?gured to determine the 
location of a ?uid spill based on location data received from 
a number of tracking devices deployed in the ?uid spill (e. g., 
tracking deployed in the center and along the perimeter of the 
?uid spill). In this case, the modeling module 232 may ?ex 
ibly calculate the location and shape of the ?uid spill based on 
various spatial-statistical modeling algorithms. For example, 
the physical extent of the ?uid spill may be calculated as (l) 
a concave hull polygon; (2) the center of gravity of the 
deployed tracking devices; (3) the center of minimum dis 
tance of the tracking devices; (4) the average longitude and 
latitude of the tracking devices on the leading face of the ?uid 
spill. 
[0058] In some embodiments, the concave hull process 
may be used to generate a concave hull polygon that closely 
approximates the location and shape of a ?uid spill. In this 
case, the set of points from the tracking devices deployed in 
the ?uid spill may be used to generate the concave hull poly 
gon. For example, a concave hull process may be based on a 
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k-nearest approach that classi?es each point in the set of 
points based on the majority vote of its neighbors. In this 
example, different selections of k may be made to generate 
various concave hull polygons (e.g., a higher number k results 
in a smoother polygon). The k-nearest approach is described 
in Adrian et al., Concave hull a k-nearest neighbours 
approach for the computation of the region occupied by a set 
of points, INSTICC Press published on Mar. 8, 2007, Which is 
incorporated by reference herein in its entirety. 
[0059] In another example, the concave hull process may be 
based on a shaving exterior edges approach. An exemplary 
algorithm for the shaving exterior edges approach is 
described beloW: 

[0060] Generate the Delaunay triangulation of the set of 
points P. 

[0061] Remove the longest exterior edge from the trian 
gulation such that (l) the edge removed is longer than a 
length parameter 1 and (2) the remaining exterior edges 
of the triangulation form a simple polygon 

[0062] Repeat removing the longest exterior edge so 
long as there are edges that satisfy the criteria above. 

[0063] Return the polygon formed by the exterior edges 
of the triangulation. 

[0064] The shaving exterior edges approach is described in 
Duckham et al., E?icient generation ofsimple polygonsfor 
characterizing the shape ofa set ofpoints in theplane, Pattern 
Recognition v41 published on J an. 11, 2008, Which is incor 
porated by reference herein in its entirety. 
[0065] In some embodiments, the modeling module 232 of 
the application server 112 is con?gured to determine traj ec 
tories for response maps. Speci?cally, the modeling module 
232 may be con?gured to determine a trajectory based on 
historical and current locations and environmental factors 
such as sea currents, Wind direction and velocity, Water tem 
perature, surface pressure, etc. For example, real-time sea 
current data may be collected by tracking devices (102A, 
102N of FIG. 1) deployed in a ?uid spill. In this example, the 
trajectory of the ?uid spill may be at least partially determined 
according to the average velocities and directions detected by 
the tracking devices deployed in the ?uid spill. Alternatively, 
the velocity and direction detected by each of the tracking 
devices may be considered individually to forecast hoW the 
?uid spill may spread in different directions. In this case, 
tracking devices may be deployed along the entire perimeter 
of the ?uid spill in order to collect movement information in 
all possible directions. 
[0066] The modeling module 232 may generate spill tra 
jectories in a 3D ?uid model that accounts for various envi 
ronmental conditions such as hydrodynamic data, Wind data, 
and ?uid characteristics. In some embodiments, hydrody 
namic data may be collected directly by one or many tracking 
devices (102A, 102N of FIG. 1) deployed directly into the 
spill. Supplemental Wind data may be collected from Weather 
forecasting services, offshore buoys, offshore Weather sta 
tions, etc. Fluid characteristics (e.g., density, composition, 
viscosity, surface and interfacial tension, etc.) may be deter 
mined based on a database of knoWn ?uids. For example, the 
database may include the characteristics of various types of 
crude oil for forecasting the trajectory of an oil spill. 
[0067] In some embodiments, the GIS module 113 of the 
application server 112 is con?gured to render GIS data for 
display at the enterprise response center(s) 115 and by the 
personal computing device(s) 116. Speci?cally, the GIS mod 
ule 113 may be con?gured to (I) generate dynamic GIS map 
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displays (i.e., geographic maps) depicting location data 
stored in the spatial data repository 110; (2) provide the GIS 
map displays to the enterprise response center(s) 115 and the 
personal computing device(s) 116; and (3) update the GIS 
map displays as real-time location data is incorporated into 
the spatial data repository 110. 
[0068] In some embodiments, the spatial data manager 236 
of the GIS module 113 is con?gured to extract the position, 
time and speed measurements of one or numerous tracking 
devices deployed into a ?uid spill. The data from the tracking 
devices may be provided to the modeling module 232 for 
aggregation into representative polygons. In this case, the 
polygons may be provided to the map module 234 thereby 
enabling a user to visualiZe the precise movements of the 
deployed tracking devices, Which directly equate to the tra 
jectory of the ?uid spill. In some embodiments, standard data 
animation controls in the map module 232 of the GIS module 
113 alloW a user to visualiZe the exact travel path of the ?uid 
spill over a de?ned time period. 
[0069] In some embodiments, the historical movement of 
tracking devices (i.e., position, velocity and time) may be 
statistically averaged and extrapolated to predict the potential 
vector of the slick Within a short time interval, for example 3 
hours. In this case, major changes in Weather, currents, tides 
and other factors driving the tracking devices may be dynami 
cally re?ected in the predicted vector. 
[0070] In some embodiments, the map module 234 of the 
GIS module 113 is con?gured to generate maps for providing 
to a user of the response module 228. In some embodiments, 
the map module 234 is con?gured to process user parameters 
received from the response module 228. For example, the 
map module 234 may be con?gured to process the user 
parameters to identify spatial data (e.g., points of interest, 
aerial imagery, etc.) for generating the requested maps. In this 
example, the map module 234 may identify spatial data for 
building a trajectory map based on user parameters request 
ing a forecasted trajectory of a ?uid spill at a speci?ed loca 
tion. 

[0071] In some embodiments, the maps generated by the 
map module 234 are presented on a user display. For example, 
the maps may be provided by the response module 228 and 
then displayed Within a Web broWser of a user. In another 
example, the maps are transmitted by the response module 
228 to a custom client executing on a user device, Where the 
maps are presented on a display screen of the user device. 

[0072] In some embodiments, the spatial data manager 236 
of the spatial data server 208 is con?gured to manage spatial 
data stored in the spatial data repository 110. The spatial data 
manager 236 may be con?gured to access and modify data in 
the spatial data repository 110. For example, the spatial data 
manager 236 may be con?gured to execute database com 
mands to retrieve or modify database records in the spatial 
data repository 110. In an exemplary embodiment, the spatial 
data manager 236 may be used by the other modules (e.g., 
response module 228, an asset/personnel module 230, a mod 
eling module 232, a map module 234) of the application 
server 112 to perform spatial or data operations. 
[0073] In some embodiments, the map module 234 is con 
?gured to obtain spatial data (e.g., points of interest, roads, 
etc.) using the spatial data manager 236 based on user param 
eters. The spatial data manager 236 may specify a map scale 
(i.e., a ratio of map distance to corresponding actual distance 
on the ground) and a map extent (i.e., the outer bounds of the 
geographic area shoWn in a map) for a requested map accord 
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ing to the user parameters. For instance, if the user parameters 
request a detailed map, the spatial data request may specify a 
larger scale (e.g., one centimeter to 100 meters) and a map 
extent of a few square kilometers. 

[0074] In some embodiments, the spatial data manager 236 
is con?gured to also obtain map styles from the spatial data 
repository 110 for rendering the spatial and temporal data. A 
map style may specify various rules for rendering spatial data 
such as label font color, label font siZe, label position, 
polyline thickness, ?ll color of spatial features, etc. Map 
styles may be de?ned for map layers, labels, progress bars, 
symbols, points of interest, routes, or other map features. For 
example, a trajectory style may specify that known (i.e., his 
toric) should be rendered as a solid line while a forecasted 
trajectory should be rendered as a dotted line. 

[0075] In some embodiments, the spatial data manager 236 
may be con?gured to perform spatial operations on spatial 
data. Examples of spatial operations may include intersecting 
spatial features, snapping one spatial feature to another, 
unioning spatial features, buffering a spatial feature, and dif 
ferencing spatial features. The spatial data manager 236 may 
perform the spatial operations on spatial data retrieved from 
the spatial data repository 110. In this case, the results of the 
spatial operation may be stored in the spatial data repository 
110. 

[0076] In some embodiments, the spatial data manager 236 
may be con?gured to perform spatial comparisons of spatial 
data. Examples of spatial comparisons may include determin 
ing a distance between spatial features, determining whether 
spatial features intersect, determining whether a spatial fea 
ture is contained by another spatial feature, determining 
whether a spatial feature contains another spatial feature, 
determining whether spatial features are disjoint, determin 
ing whether a spatial feature is equal to another spatial fea 
ture, and determining whether a spatial feature touches 
another spatial feature. The spatial data manager 236 may 
perform the spatial comparisons on spatial data retrieved 
from the spatial data repository 110. The spatial data manager 
236 may also derive entirely new data through statistical 
analysis of recorded data, for example by directly extrapolat 
ing tracking device positions and velocities to predict the 
near-future path of a ?uid spill. 
[0077] FIG. 3 shows a ?owchart of a method in accordance 
with one or more embodiments of the invention. More spe 
ci?cally, FIG. 3 is a ?owchart of a method for tracking move 
ment in a marine environment. As is the case with the other 
processes described herein, various embodiments may not 
include all of the steps described below, may include addi 
tional steps, and may sequence the steps differently. Accord 
ingly, the speci?c arrangement of steps shown in FIG. 3 
should not be construed as limiting the scope of the invention. 
[0078] In 302, initial data for a marine incident is obtained. 
The initial data may include an initial location, a description 
of the incident, and a list of involved personnel and assets. For 
example, an explosion at an offshore rig, a capsiZed vessel, 
personnel lost at sea, or a ?uid spill may be reported with the 
preceding information. The initial data may be determined 
based on visual observations, emergency reports from the 
incident, communications from responders, vessel logs, etc. 
Once the initial data for the reported incident is obtained, a 
response team may be deployed to the initial location of the 
incident. 
[0079] In 304, tracking devices are deployed at the incident 
based on the initial data. For example, the members of the 
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response team may each be equipped with tracking devices to 
de?ne their location and ensure their safety during the 
response. In another example, the response team may deploy 
the tracking devices at or near the initial location of the ?uid 
spill using visual cues (e.g., sheen) and environmental factors 
such as ocean currents. In some embodiments, the tracking 
devices may be deployed directly from a helicopter hovering 
at low altitude. 

[0080] In 306, position, heading, and speed data is collected 
by the tracking devices. For example, each of the tracking 
devices may be con?gured to periodically (e. g., every 10 
minutes, etc.) determine its geographic location, heading, and 
speed based on location signals received from a positioning 
device (e.g., GPS satellite, network tower, etc.). Once the data 
is determined by a tracking device, the position, heading, and 
speed data may be, transmitted to a data processing satellite, 
which may then relay the data for eventual incorporation into 
a spatial data repository (e.g., 110 of FIGS. 1-2). The tracking 
device may also provide a timestamp to identify the precise 
time the data was collected and a device identi?er to identify 
the tracking device. 

[0081] In 308, the position, heading, and speed data is 
integrated into a comprehensive spatial data repository (e. g., 
110 of FIGS. 1-2). The spatial data repository may include 
spatial data (e.g., aerial images, points of interest, live vessel 
positions, etc.) for responding to the incident. Speci?cally, for 
example, the spatial data repository may include a dynamic 
point layer that includes representations of the tracking 
devices deployed in 304. Each point of interest may specify a 
geographic location, a device identi?er corresponding to a 
tracking device, and a heading and velocity of the tracking 
device. As the position, heading, and speed data is collected 
by the tracking device, the data is used to update the corre 
sponding point of interest according to the device identi?er in 
real-time to re?ect the exact location of the tracking device at 
any moment in time. Further, the historical locations of each 
tracking device may also be stored in the spatial data reposi 
tory as the corresponding point of interest is updated in real 
time. Such historical data may be used for tactical planning 
and review, for predictive analysis and forecasting, and also 
for retrospective analysis of the situation during a post-inci 
dent critique. 

[0082] In 310, a model of the marine incident is generated 
based on the position, heading, and speed data. Speci?cally, 
the model of the marine incident may be generated on the 
historical and current location of one or more combinations of 
tracking devices. For example, the monitored location of 
responders may be used to determine an estimated time of 
arrival at the marine incident. In another example, the histori 
cal and current locations of a ?uid spill may be extrapolated 
and used to determine the likely path of the ?uid spill as 
discussed below with respect to FIG. 4. 

[0083] In some embodiments, noti?cations may be gener 
ated based on the information received from the tracking 
devices. For example, if an SOS signal has been received 
from a tracking device, the GIS map display discussed below 
may depict an SOS noti?cation adjacent to a representation of 
an emergency responder that initiated the SOS signal. In this 
example, the emergency responder may be located and 
retrieved based on the exact location data received from the 
responder’s tracking device. In another example, if a low 
battery noti?cation has been received from a tracking device, 
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the GIS map display discussed below may depict a loW bat 
tery noti?cation adjacent to a representation of the tracking 
device. 
[0084] In 312, a GIS map (i.e., geographic map) display is 
generated using the spatial data repository (e.g., 110 of FIGS. 
1-2), Where the GIS map display shoWs real-time locations of 
one or more tracking devices and the model of the marine 
incident. In some embodiments, the GIS map display may 
depict extensive real-time data displays such as live helicop 
ter and vessel positions, containment boom placements, and 
so forth. Such data may be retrieved by separate computer 
processes that each update the spatial data repository and 
execute various softWare modules hosted Within an enterprise 
application server (e.g., 112 of FIGS. 1-2). 
[0085] In 314, the emergency response may be modi?ed 
based directly on the GIS map display generated in 312. For 
example, response assets and/or personnel may be deployed 
based on the model of the marine incident and the noti?ca 
tions shoWn in the GIS map display. 
[0086] In 316, a determination is made as to Whether the 
?uid spill incident is resolved. If the incident is not resolved, 
the method may continue to 306. If the incident is resolved, 
the method may end. At this stage, the tracking devices may 
be retrieved and prepared for storage (e.g., disassembled, 
batteries removed, cleaned, etc.) until the devices are needed 
for a subsequent ?uid spill. 
[0087] FIG. 4 shoWs a ?owchart of a method in accordance 
With one or more embodiments of the invention. More spe 
ci?cally, FIG. 4 is a ?oWchart of a method for tracking a ?uid 
spill When moving With Water ?oW. The movement of the ?uid 
spill may be tracked for a ?uid spill response or for other 
purposes. As is the case With the other processes described 
herein, various embodiments may not include all of the steps 
described beloW, may include additional steps, and may 
sequence the steps differently. Accordingly, the speci?c 
arrangement of steps shoWn in FIG. 4 should not be construed 
as limiting the scope of the invention. 
[0088] In 402, initial data for a reported ?uid spill is 
obtained. The initial data may include an initial location, a 
knoWn ?uid type, an estimated volume, and an estimated slick 
siZe of the ?uid spill. The initial data may be determined 
based on visual observations, aerial reconnaissance, vessel 
log data, etc. Once the initial data for the reported ?uid spill is 
obtained, a spill response team may be deployed to the initial 
location of the ?uid spill. 
[0089] In 404, tracking devices are deployed at the ?uid 
spill based on the initial data. More speci?cally, the spill 
response team may deploy the tracking devices at or near the 
initial location of the ?uid spill using visual cues (e.g., sheen) 
and environmental factors such as ocean currents. For 
example, the spill response team may deploy a ?rst set of 
tracking devices in the center of the ?uid spill, a second set of 
tracking devices in the leading edges of the ?uid spill, and a 
third set of tracking devices in the trailing edges of the ?uid 
spill. Each of the tracking devices has a unique device iden 
ti?er that is associated With the ?uid spill before or during 
deployment. The unique device identi?er may also be asso 
ciated With the initial deployment Zone (e.g., center, leading 
edges, trailing edges, etc.) of the corresponding tracking 
device in order to provide additional understanding of the sea 
current changes and ?uid spill movements. 
[0090] In 406, position, heading, and speed data is collected 
by the tracking devices. Each of the tracking devices may be 
con?gured to periodically (e.g., every 10 minutes, etc.) deter 
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mine its geographic location, heading, and speed based on 
location signals received from a positioning device (e.g., GPS 
satellite, netWork toWer, etc.). Once the data is determined by 
a tracking device, the position, heading, and speed data may 
be transmitted to a data processing satellite, Which may then 
relay the data for eventual incorporation into a spatial data 
repository. The tracking device may also provide a timestamp 
to identify the exact time the data Was collected and a device 
identi?er to identify the tracking device. 

[0091] In 408, the position, heading, and speed data is 
integrated into a comprehensive spatial data repository. The 
spatial data repository may include spatial data (e.g., aerial 
images, points of interest, etc.) for responding to the ?uid spill 
event. Speci?cally, for example, the spatial data repository 
may include a points of interest layer having points of interest 
for the tracking devices deployed in 404. Each point of inter 
est may specify a geographic location, a device identi?er 
corresponding to a tracking device, and a heading and veloc 
ity of the tracking device. As the position, heading, and speed 
data is collected by the tracking device, the data is used to 
update the corresponding point of interest according to the 
device identi?ers in real-time to re?ect the current location of 
the tracking device. Further, the historical locations of each 
tracking device may also be stored in the spatial data reposi 
tory as the corresponding point of interest is updated in real 
time thereby enabling playback and forecasting of likely tra 
jectories. 
[0092] A subset of the ?uid spill may be identi?ed and 
tracked by determining the tracking devices that Were initially 
deployed in the ?uid spill. As discussed above, the deploy 
ment location of each tracking device may be associated With 
the device identi?er and a locational identi?er Within each 
?uid spill (e.g., ‘Spill 1 leading edge’, ‘Spill 2 center’, etc.) 
When the tracking device is initially deployed. In this case, all 
deployment location data may be stored in the spatial data 
repository. The location data collected by ?uid-spill subset(s) 
of the tracking devices may then be retrieved from the spatial 
data repository and then used to model and report the likely 
path of the ?uid spill(s) at various scales of detail. 

[0093] In 410, a model of the likely path (i.e. forecasted 
trajectory) of the ?uid spill is generated based on the position, 
heading, speed, and timestamps of all tracking device(s) 
deployed into the ?uid spill(s). Speci?cally, the model of the 
likely path may be generated based on the historical and 
current locations of the ?uid spill. As discussed above, the 
location of a ?uid spill may be determined as the geographic 
center of a number of tracking devices deployed in the ?uid 
spill. The geographic center of the ?uid spill may be moni 
tored over time to determine the historical and current loca 
tions of the ?uid spill. The historical and current locations of 
the ?uid spill may optionally be used in a 3D ?uid model to 
con?rm the likely path of the ?uid spill. In this case, the 
historical locations may be used to verify model outputs. For 
example, previous forecasted trajectories may be compared 
to the historical path of the ?uid spill to determine the accu 
racy of the models used. In this example, the models may be 
updated if it is determined that the previous forecasts Were 
inaccurate. Because the tracking devices provide the actual 
real-time location of sea currents and ?uid spill particles, their 
data provides a factual basis for tactical planning and 
response. 3D mathematical models may provide a supple 
mentary information source and means for assessing longer 
term “What if” scenarios. 
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[0094] For example, the trajectory and fates model may be 
used in 410 to predict the movement and Weathering of a ?uid 
from instantaneous or continuous spills. Fluids in this model 
may be represented by a number of individual spillets, Where 
each of the spillets is initialiZed With an equal proportion of 
the total ?uid mass spilled. In the trajectory and fates model, 
each of the spillets moves and Weathers independently. For 
example, the model may predict the surface distribution of the 
spilled ?uid and the ?uid mass balance (i.e., the amount of oil 
on the free surface, in the Water column, evaporated, on the 
shore, and removed by mechanical cleaning over time). In 
this example, the fate processes in the model predict spread 
ing, evaporation, entrainment (i.e., natural dispersion), and 
emulsi?cation of the ?uid. Fluid-shoreline interaction is 
modeled according to the shore type, Which determines hold 
ing capacity, and exponential removal rate. The model may 
also estimate the temporal variation of the ?uid’s areal cov 
erage, ?uid thickness, and ?uid viscosity. 
[0095] A subsurface model, including all the features noted 
above for the trajectory and fates model, may also be used to 
predict the movement of subsurface particles. The subsurface 
?uid concentration ?eld may be predicted using a particle 
based, random Walk technique and includes ?uid droplet rise 
velocities by siZe class. Resurfacing of ?uid droplets due to 
buoyant force may also be considered, resulting in neW sur 
face slicks. 

[0096] A stochastic and receptor model may also perform 
multiple simulations that randomly vary the environmental 
data (e.g., Wind, currents, etc.) used to predict the movement 
of the ?uid. In this case, the stochastic model predicts Where 
oil is likely to be if released at a particular location, and the 
receptor model predicts Where oil Would have originated in 
order to arrive at a particular location. In some embodiments, 
the stochastic and receptor models generate contour maps 
shoWing the probability of surface ?uid and travel time con 
tours. Shoreline data or other resource location information 
stored in a spatial data repository such as an enterprise GIS 
system may be used in the stochastic model to determine the 
probability of ?uid contacting the shoreline or critical 
resources. 

[0097] In some embodiments, ?uid thickness contours may 
be included in the forecasted trajectories. The thickness con 
tours may be determined according to a Gaussian spreading 
algorithm that sums the contributions of individual spillets 
and accounts for limitations to spreading caused by nearby 
land masses. The contours may be displayed as gridded data 
that is color coded to represent the range of oil thicknesses. 

[0098] In some embodiments, the results of any optional 
2D or 3D fate models may be compared directly against the 
actual paths of tracking devices and, if necessary, re-cali 
brated based on the sensor positions. Should results continue 
to con?ict, decision makers may consider the tracking 
devices to be de?nitive. In some embodiments, responders 
may opt to pre-deploy a number of sensors at strategic dis 
tances ahead of the ?uid spill (e.g., 5, 10, 50, or 100 kilome 
ters ahead of the spill). Pre-deployment may provide 
advanced aWareness of the true sea currents operating in the 
‘pending’ path of the spill. Importantly, in this example, 
responders and executive stakeholders may monitor the 
advance-deployed sensors to pragmatically determineiWith 
a high degree of certaintyiWhether or not the ?uid spill is 
likely to arrive at the shoreline. To account for changing tidal 
and Weather conditions, such proactive tracer tests may be 
executed at various times throughout a given day. In this 
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example, any tracking devices pre-deployed in this manner 
may be con?gured With a suitable mission identi?er to 
instantly differentiate the pre-deployed devices from tracking 
devices deployed in the actual ?uid spill. 
[0099] In 412, a GIS map (i.e., geographic map) display is 
generated using the location data from the spatial data reposi 
tory, Where the GIS map display shoWs areal-time location 
and the likely path of the ?uid spill. Previous spill paths may 
also be displayed to indicate longer-term movement patterns. 
The present, real-time location of the ?uid spill may be rep 
resented using a variety of mathematical and cartographic 
display techniques. For example, the full extent of the spill 
could be calculated using the concave hull methods discussed 
above With respect to FIG. 2. The velocity and overall path of 
the spill(s) may be portrayed as a single vector, Which aver 
ages the detected directions and velocities of the tracking 
devices deployed in the ?uid spill in 404. 
[0100] In some embodiments, the GIS map display may 
depict noti?cations that are generated based on the informa 
tion received the tracking devices. For example, if a loW 
battery noti?cation has been received from a tracking device, 
the GIS map display may depict a loW battery noti?cation 
adjacent to a representation of the tracking device. In this 
example, the tracking device may be retrieved and maintained 
to ensure continued operation of the device before redeploy 
ing the tracking device into the ?uid spill in 418. In another 
example, an impact noti?cation may be depicted in the GIS 
map display When it is determined that any of the tracking 
devices is Within a predetermined distance of a critical loca 
tion. Examples of critical locations may include Water 
intakes, seaports, beaches, etc. If an impact noti?cation has 
been received for a tracking device, the ?uid spill response 
may be modi?ed based on the impact noti?cation in 420. For 
example, spill response assets or personnel may be deployed 
to the geographic location of the tracking device associated 
With the impact noti?cation. In this example, the spill 
response assets and personnel may also be equipped With 
tracking devices such that their locations are depicted in the 
GIS map display, alloWing nearby assets and personnel to be 
optimally positioned to respond to the impact noti?cation. 
[0101] In one or more embodiments, other noti?cations 
may be generated based on data obtained by the tracking 
devices. For example, the velocity of the tracking devices 
may be monitored and transmitted for storage in the spatial 
data repository. In this example, a sea-conditions noti?cation 
may be generated if the average velocity of the tracking 
devices changes by a predetermined percentage. The change 
in average velocity may indicate that there is a signi?cant 
change in sea conditions. Similar to as discussed above, the 
?uid spill response may be adjusted in response to a sea 
conditions noti?cation in 420. 

[0102] In one or more embodiments, a spill response vessel 
may be equipped With a tracking device to report the vessel’ s 
location during the spill response. In this case, smaller vessels 
may be monitored simultaneously With larger vessels, Which 
under international maritime laW are required to broadcast 
their position using Automatic Identi?cation System (AIS) 
transponders. In this example, all vessel data may be incor 
porated into the spatial data repository for visualiZation in the 
GIS system. 
[0103] In one or more embodiments, a tracking device may 
be con?gured to track and report the position and status of 
helicopters, ?xed Wind aircraft, and other tactically important 
assets deployed during the spill. 
















