
An expansion of Glider Observation STrategies to systematically 
transmit and analyze preferred waypoints of underwater gliders 

Lucy F. Smedstad1, Charlie N. Barron1, Rachel N. Bourg2,  Michael W. Brooking2, Danielle A. 
Bryant2, Robert J. Carr3, Kevin D. Heaney4, Edward A. Holmberg5, Andrea C. Mask2, and Bryan L. 

Mensi2 
1 Naval Research Laboratory (NRL), Stennis Space Center, MS, 39529, USA2 Naval 

Oceanographic Office (NAVOCEANO), Stennis Space Center, MS, 39529, USA, 3 University of 
Washington, Applied Physics Laboratory (APL-UW), Seattle, WA, USA, 4 Ocean Acoustical 

Services and Instrumentation Systems, Inc. (OASIS), Lexington, MA, 22039, USA,  5 University of 
New Orleans (UNO), New Orleans, LA, USA 

ABSTRACT 

The Glider Observation STrategies (GOST) system provides real-time assistance to ocean glider pilots by suggesting 
preferred ocean glider waypoints based on ocean forecasts and their uncertainties. Restrictions on waterspace, preferred 
operational areas, and other glider trajectories are also taken into account. Using existing operational regional Navy 
Coastal Ocean Model (RNCOM) output, demonstrations of glider waypoint calculation are ongoing in Navy operational 
areas. After the ocean forecast models and GOST components run at the Navy DoD Supercomputing Resource Center 
(Navy DSRC), GOST-suggested glider paths are transferred to the Glider Operations Center (GOC). The glider pilots at 
the GOC import this information into their Unmanned Systems Interface (USI), developed at the University of 
Washington, Applied Physics Laboratory (APL-UW) to evaluate the suggested glider paths, make adjustments, and 
update waypoints for the gliders. The waypoints being sent are visualized and analyzed using graphic capabilities to 
convey guidance uncertainty developed under a grant to the University of New Orleans (UNO) and added under the 
Environmental Measurements Path Planner (EMPath) system within GOST.  USI forwards automatic messages from the 
gliders with recent glider location, speed, and depth to GOST for the next cycle. Over the course of these 
demonstrations, capabilities were added or modified including use of initial glider bearing, preferred path, refinement of 
glider turn frequency, correction of glider speed, and introduction of glider rendezvous locations.  Automation has been 
added with help from the modeling group at the Naval Oceanographic Office (NAVOCEANO).  GOST supports 
NAVOCEANO’s ongoing efforts to direct and recover gliders, to safely navigate in changing ocean conditions, and to 
provide feedback to improve ocean model prediction. 
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1. INTRODUCTION
The Navy has identified ocean gliders as an increasingly important source of local observations to guide its ocean 
forecasts in support of tactical decisions. The various regional Navy Coastal Ocean Models (RNCOM)1 assimilate a 
range of available satellite and in situ observations before each daily model execution on the Navy DoD Supercomputing 
Resource Center (Navy DSRC). The Naval Oceanographic Office deploys its Slocum gliders2 to make additional 
measurements in areas of interest, which often coincide with RNCOM operational areas.  Historically gliders have been 
used to generally cover an area to provide a generic overview. The Glider Observation STrategies (GOST) system 
enables more effective use of the gliders by comparing possible combinations of glider measurements, where possible 
trajectories are determined based on specified glider in-water speed and local forecasts of ocean currents. Glider 
trajectories are assigned values based on line integrals along the glider trajectories through simple statistical fields 
quantifying selected mission-relevant properties such as environmental variability or forecast uncertainty. Measurements 
from multiple gliders may be deemed redundant if the gliders come to close in space or time, leading to a proportionate 
reduction in the combined valuation. Glider movement may be restricted through both stay out or keep in areas. One of 
the goals of GOST 2.0, the current version being tested are to accomplish more automated exchange of information 
between the Glider Operations Center (GOC) and the operational model platform.  This report additionally contains 
results from real time tests performed using GOST 1.3, which relied on a manual exchange of starting glider location and 
output waypoints.  
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2. SYSTEM INFORMATION 

The Glider Observation Strategies (GOST) system consists of two main components.  The first is the Glider Mission 
Adaptation Strategies (GMAST) which reads model data in netCDF format and determines constituent cost functions 
(CCF)s based upon the mission type.  The second component of GOST is the Environmental Measurements Path Planner 
(EMPath)3,4.  EMPath contains the genetic algorithm5,6 that weighs the cost functions with the currents and with 
restrictions on allowed operational areas to select a preferred path for the glider.  
 
There are four mission types:  

1. Feature Investigation/Variability Reduction is the way Ocean Forecasters are providing glider 
guidance currently and allows the model to guide the glider to where it predicts the highest variability 
(uncertainty). 

2. Sustained Coverage is what the Glider Operations Center (GOC) has historically been doing but looks 
for more efficient coverage that leverages forecast currents rather than defaulting to a lawnmower 
pattern of repeated parallel paths. 

3. Tactical Operation uses specialized cost functions that may, for example, account for observation 
impact on smaller scales for acoustic applications.  This mission type may be supported by ensemble 
model runs that quantify probabilities of different outcomes. 

4. Rendezvous may be used at the end of any of the above three to find the best path to get a glider to its 
recovery location at the proper time. 

 
The main mission type tested for GOST 1.3 and GOST 2.0 is the feature investigation/variability reduction based on the 
spread of the model forecast.   The primary location of the tests is in an operational area in the eastern Pacific.  Initial 
testing of GOST was performed with GOST 1.3 in the Trident Warrior (TW13) 7 are off of the eastern US coast. These 
tests involved manual sending of glider start locations and waypoints via email. The rendezvous mission has been also 
tested in both sets of real time exercises. 
 
GMAST provides CCFs representing the criteria for evaluating alternative glider paths through EMPath8. The CCFs 
providing these criteria are derived from the RNCOM forecast fields.  GMAST’s only function is to produce the CCF 
file in netCDF format henceforth referred to as the GMAST file. For mission type 1, the CCFs highlight model 
uncertainty and ocean variability.  The longitude and latitude spacing uses RNCOM’s model gridding.  
 
 The GMAST file has 3 major components:  

1. CCFs - There are two different types of CCFs: static and dynamic.  Static cost functions are time-
independent statistics, while dynamic cost functions include a time dimension.  To identify ocean 
variability, the static CCFs are based on the mean and standard deviations from predicted salinity and 
temperature fields.  Other constraint-based dynamic CCFs, such as a rendezvous point, may also be 
included.    Figure 1 contains illustrations of three CCFs.  

2. Water currents - Water currents are the time-dependent forecast ocean velocity components that are 
averaged over the glider depth range.  These values are in meters per second. 

3. Metadata – These are additional parameters relating to the netCDF file and the glider mission 
information.  Among those parameters, the most prominent for this project are: 

a. Start_time – the assumed time that new instructions are given to the glider 
b. DeltaTime – the time increment of the dynamic functions 
c. TotalTime- the time from the start of the model run (usually 00Z to the end of the GOST 

simulation).  Because GOST may not be run until many hours after 00Z, this number may be 
larger than the length of the model forecast 

d. GliderDepth, maximum depth for the glider dive pattern in this deployment, in meters 
e. GliderSpeed, the average glider horizontal speed through the water, in meters/second 

Proc. of SPIE Vol. 9459  94590J-2

Downloaded From: http://proceedings.spiedigitallibrary.org/ on 05/22/2015 Terms of Use: http://spiedl.org/terms



 

 

  
 
 
 
 
 
 
 
 
 
 
 
     Figure 1. E

function (
rendezvou
in time as 

EMPath mak
quantify the r
are determine
and times (fo
represented b
 

EMPath is a 
necessary da
areas (OpAre

1. GM
CCF

2. Bath
wate

3. Inpu
weig

4. Cor
5. Rsh
6. One

rend
 
The GMAST
hard coded in
the NAVO D

1. Glid
2. Glid
3. Hou

a) 

f. 
u

g. 
p

 

Examples of the 
(c).  The temper
us CCF is shown
it is technically 

 

kes use of the e
relative value a
ed by weighted
or dynamic CC
by a flattened i

 
 
 
 

self-contained
ata be passed i
ea) and keep ou

MAST file- gene
F’s. 
hy_file- generi
er depth values
ut.prm file wh
ghts for the CC

rds_init file wh
apes.txt file wh

eIndv.txt file a
dezvous. 

T file is soft lin
n the input.prm

DSRC.  Within 
der depth – ma
der speed – the
urs allowed bef

Gl_hr_extrap-
using persisten
RNCOM has a
Cutlat1,cutlat2
programs spee

CCF during the
rature mean spr

n on the right.  Th
a dynamic cost 

environmental i
associated with
d CCFs that qu

CFs). The CCFs
mage referred 

d program that
in as paramete
ut areas (water

erically named 

cally named ba
s extracted from
ich contains a

CF. 
hich provides th
hich allows the
allows the use

nked to a standa
m file. The bath

the input.prm 
aximum depth f
e average glide
fore resamplin

-  GMAST was
nce in order 
a 96 hour forec
2,cutlon1,cutlo
edier.  Can be s

e TW13 exercis
read over time i
he rendezvous C
function. 

information ne
h that set of po
uantify the relat
s are combined
to as a morpho

t runs independ
ers.  EMPath a
rspace). EMPat
gmast.nc - A n

athy.nc - An au
m the RNCOM

all the necessar

he initial startin
e user to input w
er to specify 

ard NetCDF fil
hy.nc file is cre
the following 
for the glider d

er horizontal sp
g – minimum t

( )
1 σ=

=∑r n

i

W
E r

b)

s equipped wit
to allow the 

cast.  
on2 – boundar
set to match the

se illustrate a sta
is shown in (a) 

CCF is dynamic 

ecessary to dete
otential glider tr
tive importanc

d using an array
ology, as show

dently of eithe
allows for man
th requires 6 m
netCDF file cr

uxiliary progra
M domain. 
ry parameters 

ng position of t
waterspace ma
long range la

le named gmas
eated once per r
should be set:

dive pattern in t
peed through th
time before re-

( )
( )σ

+
r

i i
b b

i

W C r
W C

C

th an additiona
EMPath to be

ries of a sma
e outer area in 

atic CCF (a), a d
with the dark

and the bull’s ey

ermine where g
rajectories. Va

ce ascribed to o
y of weights to

wn in the follow

er RNCOM or
ny user specifi

major inputs:  
reated by GMA

am produces a 

for the EMPa

the gliders.   
anagement (inc
at/lon points w

st.nc, requiring
region and soft

this deploymen
he water, in me
-sampling an a

( )+
r

b dp dpW C r

al option to exte
e run for 120

aller region t
EMPath. 

dynamic CCF (b
areas being the
ye will become s

gliders are able
aluation of poss
observations at 
o output a total 
wing equation.  

r GMAST, ther
ied parameters

AST that conta

second netCD

ath executions 

clusion or exclu
which force E

g only the filen
ft linked in a sc

nt, in meters 
eters/second 
area (defaults to

c)

end the foreca
 hours.  The

o make execu

b) and a rendezv
 higher variabil
smaller and mor

e to go in order
sible glider sam
different locat
cost function, 

reby requiring
 including the

ains static and d

DF file that con

including the 

usion) areas. 
EMPath to prio

ame gmast.nc 
crubbable direc

o24) 

st length 
average 

ution of 

vous cost 
lity.  The 
re defined 

r to 
mples 
tions 

 that the 
 keep in 

dynamic 

ntains the 

array of 

oritize a 

to be 
ctory on 

Proc. of SPIE Vol. 9459  94590J-3

Downloaded From: http://proceedings.spiedigitallibrary.org/ on 05/22/2015 Terms of Use: http://spiedl.org/terms



7f

 

 

4. Glider waterspace flag (set to 1 if a waterspace area exists) 
5. Total hours – hours in model time that the EMPath is set to search over 
6. Hours between turns - time between changes in glider horizontal direction (defaults to 12) 
7. Degrees between gliders – spacing scale that penalizes gliders (defaults to 0.5) 
8. OpArea- a polygon describing the boundaries that contain all allowable  glider trajectories 
9. Number of gliders – most tests in this time period involved one, but some deployments had two or three present 

with the same or different missions 
10. Bounds - lat_max_bound, lat_min_bound, lon_max_bound, lon_min_bound limits of all data; these are set to 

the same values as cutlon/cutlat/[12] in GMAST 
11. Weights –default values of CCF weights exist, but these can be manually altered in the input.prm file.  For 

GOST 1.3 and GOST 2.0 only the rendezvous cost function was increased in weight when required.  
 
 

Figure 2 is shows the result of an analysis result of an analysis9 performed during TW13.  The starred rendezvous point 
must be balanced by a long term glider path that does not waste resources trying to get to the rendezvous point (Figure 
2a) or miss the rendezvous point (Figure 2b).  The desired outcome is that the areas of importance are sampled while still 
making the rendezvous goal (Figure 2c). 
 
 

Figure 2. An overemphasis on rendezvous misses important areas (a). Overemphasizing sampling misses the rendezvous location 
(starred point) and time (b).  Mission success occurs when both area achieved (c).  

 
EMPath produces 5 basic outputs:  

1. Morphology.txt - This text file contains the values for the combined cost function (sometimes referred to as the 
morphology) for each of the latitude and longitude coordinates at the initial time, (time index=0).  This file 
contains values of each of the CCFs, and the final column is the value of the combined cost function3. 

2. GA_Run#.csv - For each of the runs, there is a comma separated variable (csv) file that contains all of the details 
of the most highly rated set of glider paths.  Each run is independent of the others. These details include the lon, 
lat, and bearing for every glider at every time3. 

3. GA_BestRun.csv - GA_BestRun.csv is the GA_Run#.csv that has the highest score3. 
4. EMPath.log - EMPath’s standard out is piped to a text file.  This log file contains the scores for all the runs.  
5. Cost function background graphics -Graphics of the combined cost function are the output of the EMPath.  

These images contained the best path overlaid on the morphology. This has been improved in GOST 1.39. 
 
 

Figure 3 illustrates the wiring diagram of GOST. The main model operations components are executed on the NAVO 
DSRC.  The GOC processing is executed within USI on workstations in a separate network. During GOST 1.3 testing a 
parallel directory for the operational regional NCOM (RNCOM)1 was set up under a relo_beta directory tree. The GOST 
scripts sit in the RNCOM directories under GMAST and EMPath subdirectories.  A pre_gmast.sh and pre_empath.sh 
scripts are used to launch each piece.  Each component runs on a single processor on the Navy DoD Supercomputing 
Resource Center (Navy DSRC) in directories associated with a beta version of the applicable RNCOM.  The operational 
setup of GOST 2.0 will be located in a model_apps directory and running subdirectories will be placed under the scratch 
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1. Real-time track versus the suggested path: The goal is to verify that the gliders are actually following 
the waypoints and to predict the position of the glider for the next cycle’s instructions.   

2. Delivery of useful and feasible waypoints:  The goal is to ensure that the delivered waypoints are both 
useful and feasible.  This includes improved graphics. 

3. An evaluation of the quality of the optimal path: The goal is to provide the confidence levels for the 
suggested path.   
 

GOST 1.3 was able to use package 2 throughout the real time exercises and an upgraded version is being used in GOST 
2.0. Graphics such as those used in Figure 4 made for a much clearer image of the total cost functions, velocity vectors, 
OpArea and waterspace.  Subsequent figures for analysis contain examples of the EMPath output that has been run 
through package 2.  These illustrations helped visualize when the glider was not staying with the OpArea. In the standard 
EMPath text output contain “Out of Bounds?” category with warning flags thought to help the pilots know that a glider 
was in an area too shallow for the glider depth, Out of OpArea, or even Out of Bounds of the whole domain. In the case 
of multiple gliders, the “Too Close” flags would be activated if gliders were less than the allowed degrees between 
gliders. While the warning flags are helpful, the graphics present a clearer picture of what may have caused the glider to 
deviate from the OpArea, whether caused by chasing a feature or by strong currents. 
 
Output from EMPath is initially in degrees.  The pilots are used to seeing the outputs in whole degrees and decimal 
minutes.  During TW13, there had been much confusion regarding the formats being sent between GOST and the GOC.  
This was eventually fixed in initial version of the wrapper scripts used in TW13.  The degree/decimal minutes 
corrections were added to package 2.  USI allows for multiple formats but he decimal minutes has become the most 
commonly used in GOST 1.3  Package 2 adds a weighting numeric to represent the relative importance of each glider 
waypoint from 0 to 1. Glider pilots are given information that could let them choose to skip unimportant points, points 
with a low weight very close to another point making it almost redundant.  Glider pilots could also look at similar 
weights and decide to operate the glider in patrol with this information.  Operating the glider in patrol allows it to hit 
waypoints out of GOST suggested order and in the order of closest point first. 
 
GOST 2.0 required the initial points and waypoint to be converted back to decimal degrees for automated entry with the 
degrees west converted to negative values. Glider pilots do not use the temporal waypoint estimate from GOST in their 
control of the glider; waypoints are simply treated as a sequence of points to follow. More details on this will be 
discussed in the next section. Furthermore, the interactions among GOST, changing forecasts in ocean currents from one 
day to the next, and the glider navigation software would at times take the points out of order or otherwise produce 
erratic reverses in the trajectories. 

4. RESULTS 
The designated OpArea does not always control the locations of waypoints from the EMPath output.  Figure 5a shows 
success as the EMPath output ideally moving into and remaining in the OpArea (the black box) containing most of the 
GOST output path.  This occurred in Figure 5a even though the initial point was outside of the OpArea.  Overall the rule 
of the OpArea was followed, but not always (Figure 5b).  Figure 5b shows 2 gliders being managed by GOST in which 
glider #1 cuts across the whole area and glider #2 looks for the high value area outside of the box.   Conversely, Out of 
OpArea messages would sometimes appear in EMPath output even when the glider was indeed inside of the OpArea, but 
very close to the boundaries. Examples in Figure 5b represented occurrences when user imposed bearings sent to the 
initial coordinates which backfired and others were victims of multiple gliders being required to space too far apart.  
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     Table 1.  Feedback from glider pilots tallied over 93 sets of GOST waypoints sent between December 2013 and October 2014 

 

Date Used Adjusted Not Used Total 

Points Good as is 39   Used  
41.9% 

 
Adjusted 

39.8% 
 

Not Used 
18.3% 

Adjusted Slightly 
for Boundary  14 

  

Adjusted due to 
timing or changing 
order of points 

 
 

11 
 

 

Setup issues  7 4 
Points going in 
pattern /area not 
desired 

  7 

Rendezvous issues  5 2 
Hardware/Battery   4 

 

As was suggested by the glider pilots approaching points at different times the points suggested by GOST were 
not always achievable by the predicted time.  Figure 8 illustrates an analysis capability that has shown a known 
problem, but has not been analyzed to sufficiently recommend a solution or to decide if one is needed.  The 
timing of the GOST suggested outputs did not match up with the glider speed.  Gliders would get to points 
more slowly or more quickly than anticipated.  This is the result of several causes.  The model outputs may not 
be perfectly accurate in such a small area over such a long forecast.  The glider speed as transmitted by the 
Slocum itself is an average measurement which could significantly change over a 120 hour timeframe.  The 
same is true for the glider’s average depth, it may not have the same value throughout the analysis. The glider 
pilots and the USI software do not interpret the glider points in terms of hourly intervals, but only in terms of 
order.  By disregarding the suggested time the pilots were able to make use of the suggested sampling pattern.  

 

 

 

 

 

 

 

 

 

 

 

Figure 8 An example of real glider locations (grey) vs the suggested path (white).  The glider in this case was much slower 
than anticipated but still was able to hit the waypoints.   

 

Work is ongoing with GOST 2.0.  Files to pull out the glider’s location, mission area, speed, depth, and name have been 
designed within USI.  These files are called greq (GOST request) files and are delivered using a series of automated 
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programs that exchange information to and from the NAVO DSRC.  Files are usually delivered within 20 minutes of 
creation.  GOST scripts have been moved to a central location and adjusted to make specific version for different 
operational areas. Work continues on automating the USI acceptance of GOST output, the initial launch of GOST 
routines when a new glider or region is introduced, and the addition of OpArea, waterspace, and rendezvous information 
into the request file. 

 

5. CONCLUSIONS 
Automation of the system will prevent manual lat/lon errors on the future, such as confusion over degree minutes vs 
decimal degrees. Limitations in model data resolution and imperfect bathymetry are acknowledged as long term 
limitations.   A time lag in automated transfer of points to actual glider locations has shown improvement in early tests 
of GOST 2.0 where the transfer of GOST-suggested waypoints to the Glider Operations Center (GOC) takes less than 20 
minutes. Moving to this automated transfer will avoid any problem that existed with connections to the NRLSSC server. 
 
Areas that should receive more immediate improvement include genetic algorithm emphasis on allowed operational 
areas, balance of rendezvous, irregularly shaped areas, automated transfer of glider locations to the modeling group and 
in turn. Rendezvous points almost always need careful tweaking when forcing the glider through a narrow area and the 
declaration of a preferred path during recovery. Future testing of ways to avoid the occasional glider transfer of surface 
depth (not allowing the software to work over a 3D water column) and extremely slow or fast speeds will need to be 
added to GOST 2.0.  Errors in predicting the speed of the glider, especially the speed of multiple gliders in different area 
of a domain are the most challenging to fix.  The glider pilots’ interpretation of points as only sequential instead of 
temporal will eliminate this as a hindrance to the system’s use. 
 
Further automation between USI and the Navy DSRC under GOST 2.0 will eventually make the system outputs easier to 
ingest for the glider pilots and allow for multiple areas to run GOST at once.  Better use of the additional capabilities 
present in the packages available for analysis of the waypoints is planned for the future. The system has been redesigned 
to execute from an application directory and will not need to be individually tuned to a specific RNCOM. 
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