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present invention relates to narine seismc surveys, and in par BcSfRrogor
a systemand nethod for generating a route traversing survey lines of a
mari ne se™M78Hdvey. 5 Marine seismic surveys are used BgI/abzespani es
to | ocate geological traps which may contain oil or gas, and to determ ne
suitable drilling l'ocations. In general, an oil conpany negotiates wth
governments to explore particul ar geographi c areas. The conpany's
geol ogi sts identify the nost prom sing,regions within these areas, and then
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15 number of parallel lines more closely spaced.

The survey is carried out by a vessel or ship 101 towing one or more long subsurface
streamers 102 and one or more seismic sources 103, as shown in Figure 1. Each source
103 is an array of compressed air guns that generates an intense shock wave or seismic
20 pulse at regular intervals of time. FEach streamer 102 is a long cable containing
hydrophones along its length. As the ship sails along a straight line, the source 103
produces a seismic pulse that travels through the water and is reflected back towards the
surface by structural layers beneath the sea floor. The hydrophones inside each streamer
102 detect these reflected signals, the signal reaching each hydrophone having travelled
25  along a different path. By analysing and correlating the reflected signals detected by the
hydrophones, it is possible to construct a profile of the geological structure of the sea bed
along the straight line followed by the ship. A map or model of the geological structure of
a particular région of the sea floor can be generated from seismic data measured along a
series of straight lines forming a mesh over the region of interest. Straight lines are used to

30 facilitate analysis of the data from the array of hydrophones.
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conprises a series of straight lines 202, as shown in Figure 2.-.T ﬁl

101 towi n%é@%"ﬁg eaner 102 and seism c source 103 sails al ong2 each
col l ectind $&TERY data. The process of travelling from t Rel'aHER/E76% one I | ne

to the start of the next is referred to as a line change. During a |line
change, no seismc data 5 is collected. It is therefore inportant to reduce
t he unproductive tine spent by the ship 101 on |line changes between survey
| i nes. However, planning the order and2direction in which to traverse the
survey lines in order to inprove productivity is not a trivial task. The
ship 101 could take any one of an enornous nunber of possible routes al ong
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Today, survey routes are planned manually, resulting in somewhat ad hoc routes that are
not likely to be optimal. It is desired, therefore, to provide a system and method for
generating a route traversing predetermined seismic survey paths in a marine seismic

20 survey, or at least a useful alternative to existing methods and systems for route planning.

In accordance with the present invention there is provided a method for use in generating
at least one route traversing a plurality of predetermined seismic survey paths in a marine
seismic survey, including:
25 generating a plurality of routes traversing at least a subset of said predetermined
seismic survey paths, said routes satisfying predetermined constraints;
generating respective penalties for said routes; and

selecting at least one of said routes on the basis of said penalties.

30 The present invention also provides a method for use in generating at least one route

traversing a plurality of predetermined seismic survey paths in a marine seismic survey,
including:
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routes, each partial route including a different subset of said £
predet erm ned survey paths, said partial routes satisfying predeterm ned
constrai nWO X324 or each partial route, generating a setPOFABE/M@®pondi ng
extended routes by 5 extending the partial route to include respective

sel ected ones of remamining predeterm ned seismc survey paths, said
extended routes satisfying predeterm ned constraints; (c) generating

penal ties for said extended routes; (d} selecting a subset of said extended
routes on the basis of said penalties; and 10 (e) repeating steps (b)-(d),
usi ng said subset of extended routes as said set of partial routes. The
present invention also provides a nethod for evaluating a seisnic survey
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pr edet er m ned @B?@Fﬂ&l%dﬁ‘?ns@féw@ﬁ ating respective penalties for said routes;
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survey paths Suerdingnthe@agial sedte do ainclude sespsaéveo selerigdd onesupe semaining

eval uating sai g ..gueMEMe®N Lk agiﬁ f tLk j4d e. . present
i nvention alsoggrogl_eg as§9§¥£n1 J?pCB%ngI%%%gggﬁﬁg?iHgﬁgéiéﬁﬁgﬁé rvey,
i ncl udi ng: 25 aredetareingdeensiraints; posi ti oni ng system for deternining the

current posi((:j F%ﬁinggﬁ%égﬁéesi)f%rgs\éﬁsegggn;degp(giut .marine seismc survey system

A ncludi ng nmean ) navi gational ’data for said survey vessel
‘based on sai{d) slactiept sywel dfisord extentiediontes@nshé bhsismfiseid pdfalfeehed r ed

crbof o0t e ARG A LSRG LSE el Bk SRt o
1lis agowesmatic illustration of a seismc survey ship towing a seisnc
source and a streaner;
The present invention also provides a method for evaluating a seismic survey comprising a .
plurality of predetermined seismic survey paths in a marine seismic survey, including:
15 generating a plurality of routes traversing a subset of said predetermined seismic
survey paths, said routes satisfying predetermined constraints;
generating respective penalties for said routes;
selecting at least one of said routes on the basis of said penalties;
generating a route traversing said plurality of predetermined seismic survey paths
20 from the selected at least one of said routes; and

evaluating said survey on the basis of 2 metric of said route.

The present invention also provides a system for controlling a marine seismic survey,
including:

25 an interface to a positioning system for determining the current position of a survey
vessel; and

a marine seismic survey system including means for generating navigational data

for said survey vessel based on said current position to traverse said route.

30 Preferred embodiments of the present invention are hereinafter described, by way of
example only, with reference to the accompanying drawings, wherein:

Figure 1 is a schematic illustration of a seismic survey ship towing a seismic source

and a streamer; -
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schematic diagramof a series of predeterm ned seismc survey | i hdks SEP 200
together with a survey ship; Figure 3 is a block diagramo referred
enbodi ment" QY3 Hdr i ne seismic survey planning system 5P ?T’éﬁﬁ@"‘ﬁ@i s a
schematic illustration of the paraneters of a line change path traversed

by a survey ship between survey lines; Figures 5 and 6 are schematic

di agranms generated by the survey planning system showi ng two routes

t hrough the survey lines shown in Figuge 2; Figure 7 is a schematic diagram
illustrating feather in a survey; and 10 Figures 8 to 10 are screenshots of
di spl ays generated by the survey pl anni ng system A survey planning system

(SPS) 1, as s | xec a suryve | anni n rocess t.hat
det er mi nes th2%er léadé1 glew Far gy gis%?mooff ﬁo%;‘?g?tﬂ? ‘ff%ﬁ”ﬁ‘g’e eEhe
survey l1Surveuliees, tolgaﬁxeﬂwﬂnasmrpwsfﬁpt survey |line coordinates and ot her
constraints, and det t he st eff|C|e routes fromithe set of
gener at ed rout & 1sagfo{:\h§1§1 %%P’?i&?ﬂfdteﬁ%b 1} QL @ MAPINSSSISERC Frvey
requi ri nplahiieg kysaah; time. An i npl errent ation of the SPS 1 is described bel ow
and i pcl udes fgsta dard, conp m2 with disk storage 3 having

p

conponent s ’dabgﬁh%‘tc\ﬂg?séra Ei the patagietess 1@@@93@@1{3@@;{@&
conputerb;szystremﬂnpmalm\ye Qlebe a personal conputer running a M crosoft
W ndows ope n yste({n n@E apparent to those skilled in the art
that the cong% Bf%?g fe Séﬁ@%ﬂc Jerpyas &F%w%mé@ PHVeYoplanHPe SrYiEn.

di ffererﬁho%ﬁﬁlﬁo&bu&ﬂﬁh@% th@sﬂ'bé)fﬁxﬁe@@hoxlvﬂﬁ@ﬂgg@ connected by a

.comuni cati o network so at l'east sone of "the steps executed by the
‘software noduP¥E Tof aspemaps diagramy strabascisetder ipy swavedivnde ci rcw ts, such

as appl i cati omigsRed td qo 28 schRbEhHAL Sﬂg& [ H'%teﬁerﬁé@ tﬁz)th e Surd r tern

is provided to the SPS 1 as a text fil ning t coordi™n tes each
survey |9H&Mn WGES84 or WGS90 (World Geodetic System) format, with one
coordinate pair per line. The first coordinate pair in the f|Ie is the
nore Northerly end of the line, but 30 if the line runs purely along an
East - Vesh SHPfe¥lpming sheemdBBS EAs e shwr do Figura e ckecugisve survey minnirigac h

sur VGYf | BrB&st thaPiSEmBhYEte BvddRs 3% a dige hlhblr JFHKERRIMANE sGRiESROAA N9

line o
15 routes, based on supplied survey line coordinates and other constraints, and determines the

most efficient routes from the set of generated routes; ie., those traversing the shortest
distance or requiring the least time. An implementation of the SPS 1 is described below
and includes a standard computer system 2 with disk storage 3 having components
provided by software modules stored and executed on the computer system 2, which may
20 be a personal computer running a Microsoft Windows™ operating system. It will be
apparent to those skilled in the art that the components of the SPS I may be distributed on
one or more different computer systems in different locations connected by a
communications network. Also at least some of the steps executed by the software

modules of the SPS 1 may be executed by hardware circuits, such as application-specific
25  integrated circuits (ASICs).

A survey pattern is provided to the SPS 1 as a text file containing the coordinates of each
survey line in WGS84 or WGS90 (World Geodetic System) format, with one coordinate
pair per line. The first coordinate pair in the file is the more Northerly end of the line, but
30 if the line runs purely along an East-West direction, the more Easterly coordinate is given
first. Each survey line is also given a name as the first token of the corresponding line of
the text file. The SPS 1 reads the text file and generates a display of the survey pattern
200, providing the ability to select individual survey lines 202 for the purpose of
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survey pattern 200, providing the ability to select individual survey
lines 202 for the purpose of WD 02/073241 -5 PCT/ AU02/ 00269 specifying |ine
properti e¥Osworszas assigning priority to a particul ar sumrgaatoemesy

Exi sting lines may be nodified, and new |lines may be added to the survey
pattern 200. The SPS 1 also provides pull down nenus and di al og wi ndows
for specifying nunerous paraneters for generating survey routes traversing
the survey pattern 200. 5 The SPS 1 constructs the nost efficient |ine
change path to take fromthe end of one survey 1|ine and the begi nning of
the next, using a nunber of paraneters specified by the user. Wen the
ship 101 reaches the end of a survey line, it continues along the sane
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101 bet f th run,out 401 dthe 15 start 4 f the
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SOL 406 {ive ang embegiminie b thei mad Wsing hauntbed oliparhmeters gatified 4@4thofus¢rhe shi p
101. The P e ate di al og wi ndow that all ows the user t.o ecify
the tot aViER Tt f8PPL RERe oG sl B SER ding) ¥ cofinRy Rohe fad Tifte $BTAL 404,
‘the SOL npoml d specifi2d leapih dftiee gametN020pHsses4bid endldfehSRvvdy e TS RRgthaut es
traversi ng a suryv ttern confo to.these .20 restrictions. .Figures
' andle Balbd i Bk PR itk a s fueiol. &daionmag Fiine fe ity iR oy
| ines 20201 ebaiar aidfticgdl distancel dorgaRe dRbctiohWishealeRNGirtovolimdjedere e stdit vey
|l i nes ar efﬂ%h .taken copsecutivel dL&g I.?Wt he above restr FC# ons. The nost
ef ficienf fige [oepsuredBat foips ‘eﬁ%%"rgt 8t hgesteypeeliie ssEpiEhbPeieT RAFENE hi p
101. F;thﬂeajelghﬁ]ﬁlg q;ﬁmf SSrvey nn@erﬁﬂs@iﬁﬁicptis)kmd t' hd @ll.@%katn-gpmﬁé (S@iLr)ltm isuch as
prioriti or. particular directjopns assigned to selected survey |ines,
tidal hi B e P ikin By sie atvon 8 berusee Hierfgdi 408 o€ fhepEPh i rtilesdebar eas
at | q@ t bid@s 0 o8k SOTErunR Q02 i At MHhO U0 BoIHBRRBG hd duFfedRONAEH 28€! ect ed
survey Igais Finally, the orientation . . .
406 turn segments determined by the minimum turn radius 404 of the ship 101. The
SPS 1 generates a dialog window that allows the user to specify the total streamer length
(bow to tailbuoy), the minimum turn radius 404, the SOL run in 402, and the EOL run out

401. The SPS 1 generates routes traversing a survey pattern that conform to these
20  restrictions.

Figures 5 and 6 show two routes generated by the SPS 1 for the set 200 of survey lines 202
shown in Figure 2. In general, runs along two adjacent survey lines are not taken
consecutively due to the above restrictions. The most efficient route can also depend upon
25 the current position of the ship 101. Furthermore, routes can be subject to additional
constraints, such as priorities or particular directions assigned to selected survey lines, tidal
hazards in shallow waters (requiring the ship to avoid those areas at low tides), and the
need to allow for maintenance time between selected survey lines. Finally, the orientation
of the streamer 102 as it is towed along a survey line may not be the same as the
30 orientation of the survey line due to water currents, resulting in a separation between the
end of the streamer 102 and the survey line, known as ‘feather’, as shown in Figure 7.
Feather introduces errors in the survey data because the hydrophones attached to the

streamer 102 do not measure data along the desired survey line when feather is present.
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dat a because t he hydrophones attached to the streaner 102 do not

neasure data along the desired survey line when feather is present. -
201'5 WD 02/ 073241 PCT/ AU02/ 00269 -6 Therefore, it is desirable to reduce

feather to inprove the survey quality. 4t is also
expected feather during surveys in which a nunber of streaners are

by a ship; In this case, the feather determnes the number of passes
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te routes that satisfy one or nore of the follow ng requirenents:

(i) mi*ni M 4Be &P%?r%tgf’cérea jedr mdur EE3tosT; s( fetyrmipRrb bypivasy | yrepisnend Hdesear |y

fQﬁ)es IofldVhe Rty E
EWantered | e acquiring data,; ow required mai nt ehance

¥@§@P%3FﬁHF@nBP@§ t owar ds routes that maxi m se production in

the short-term The route search procedure takes these factors into account
by aSS|gn|n melghts to each 20 factor, depending upon their inportance as

\speC|f|ea'%
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route by considerin e tra 'nvol ved. For exanple, the SPS 1
det erni ne (ligo cover prtonty lines as early as required;
(111)  avoid tidal hazards at low tides;
i5 (iv)  minimise feather encountered while acquiring data;
(v) _ allow required maintenance time; and
(vi)  selectable bias towards routes that maximise production in the short-term.
The route search procedure takes these factors into account by assigning weights to each
20  factor, depending upon their importance as specified by the user.
The SPS 1 displays candidate routes on the computer system 2, allowing the user to
browse, compare and sort routes based on various criteria. The display can include the
simulated movement of the ship 101 along the routes, showing projected tidal and other
25 conditions, as described below. This assists the user to manually select a preferred route
by considering the trade-offs involved. For example, the SPS 1 might determine two
possible routes for a survey:
Route 1: Complete priority lines by 20/6, finish survey on 28/6
Route 2: Complete priority lines by 22/6, finish survey on 27/6
30  Either route may be chosen as the best route, depending on the needs of the user requiring

the survey.
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possi ble routes for a survey: Route 1: Conplete priority lines by %0/6
finish survey on 28/6 Route 2: Conplete priority lines by 22/6,™f @Eﬁ1?db
survey on 27/6 30 Either route may be chosen as the best route, depending
on the need’@ 0y#73ttie user requiring the survey. - 8 SEP 200%ANVIDNOZY 073241
PCT/ AU02/ 00269 -7 The enornous nunber of possible paths excludes the
possibility of considering all possible paths through a survey. For
exanple, in a survey with n lines which may be surveyed in either
direction, there are n! 2" possible paths. For a twenty |ine survey, there
are 2.5x 1024 possible paths. Consequently, the procedure exam nes only a
subset of all possible paths. 5 The search procedure includes two different
search procedures a short search procedure, and a tendril search
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15 The tendril search generates paths over any number of lines by only searching a subset of
promising paths. The search is seeded with a short search, as described above, and the z
resultant partial paths are extended, one survey line at a time, in parallel. At each
extension step, each path is extended to a number y of nearest adjacent unvisited SOL
points 410. Each extension incurs a penalty related fo the time it takes to traverse the path
20  between the EOL point 408 and the new SOL point 410, plus a time-dependent bias factor
associated with the SOL point 410, as described below. Only the z paths with the lowest
accumulated penalties are kept, and the extension is continued until the set of survey lines
is complete. For a survey with N lines, execution time is approximately proportional to
zy N. Up to z complete paths are produced.
25 '
The search procedures are implemented as software modules written in the object-oriented
language C++. The source code for these and supporting modules is given in the
Appendix below. The searches are performed on a data set derived from the survey
definition data. The software modules define a number of object classes and methods, as
30 described below,




The search procedures are inplenented as software nodules witten in the
object-oriented |anguage C++. The source code for these and suppor 8 B§F 2005
nodul es is_qiy in the Appendi x below. The searches are perforned on a
data set d@gw&ﬁgnf¥on1the survey definition data. The scﬁ%@%ﬁ%nﬁﬁﬁﬂles
define a nunmber of object classes and nethods, as 30 described below 8

SEP 2005 WO 02/073241 PCT/ AU02/ 00269 -8 SEARCHDATA cl ass objects are each
used to store a conplete set of Tunlists and Biases, indexed by point
nunber. Point refers to the end point of.a seismc survey line. A unique
poi nt nunber is assigned to each end of each line. 5 TurnList is a list of
TURNLI ST obj ects, indexed by EOL point nunber, where TURNLI ST cl ass

objects r e r vail abl e froman ECL int. Turnlists include
v dat a SEREEDAT SRR B % Sk Wl ot 51 o PG a0, "
Dur at i on,BiasescindexedpynoimgumbenyPdaft referntodhe and poit of eisin€e Burv@nkne. A
represents.the ranki .of the.turns on .the basis of duration, with turns
of shorteu?u%rpgfq%gﬁmﬁ%\}ﬁﬁif]gé'e?iwﬁ(eflqg?acgé‘c“?er) rank than 10 | onger
turns. BiasList is a list of BIAS objects, indexed by SOL point nunber,
wher e BI .ass ' sent .penal ti applied to SO. poin and
are. USSS d f"tgﬁlb‘F a8 ag&m’;&%‘ﬁa@% IHP‘E\‘XH%/E’Y EE)(STR%W @@Pebdﬁﬁf“% 'PBBN;-I??F es

(whi ch mejasebbjects irst@esentobe aAY & @HIabRSESA A EOL Wolt. Tudiisisnaciide Avd 44t at a
particul ar tlne,E@&%ﬂc | culated fromfeather, [ine or_priority data. If an

| or .
SOL is PEmheEY hi M JrHE 800 Ml array @k &ipl disgheand daemaen on a

line is porelpohditls bfaLXCaRIuraidds SABE & fARE rdpkd¥bhin thel BRKREBAILE Yurddged t o
[Ahe turn tinme n%.kq%zathe path I ess conpetitive relative to other paths. The
‘data menfitasisro tonawih ftyas ghehorienepratian havigeta lofver fircedetter) rakphagent i ng
ti me-ldep@mgenturdyl ases at 30 minute intervals, and Fi xedBias, an integer 20
representing a fixed bias, such as line priority or isolated |lines. The

met hod GetBias (long int Tinme) returns the sumof the fixed and

ti me- depBRdent is 18 85B{ % oBEctSGhddded bY g‘,gtxagﬁtﬁihéﬁrﬁ'@%t Wi BTE&‘QBE%H%& Lass

obj ects represent conplete or partial ough’ a survey, Incl ude
25 the fEPFSRRRFIA%ICH 2pRlie dp SOLpaeintsaancareaysedto bris egerrhrtepads entivay t he

i ndi ces GhnParSSALSREE. %na@@ésrt%t)cw Iﬁ? @ﬁ‘ec@i@e@r ﬂeatyon%es?%%l)&%a V\'rlﬁldétzﬁﬁﬁé ng
whi ch _points have "‘been visited ¥ this
15" aline at a particular time, are calculated from feather, line or priority data. If an SOL is
reached at an unfavourable time (for example, when feather on a line is predicted to exceed
a predetermined limit), the penalty added to the turn time makes the path less competitive
relative to other paths. The data members of the class include TimeBias, a set of integers
representing time-dependent biases at 30 minute intervals, and FixedBias, an integer
20  representing a fixed bias, such as line priority or isolated lines. The method GetBias (long

int Time) returns the sum of the fixed and time-dependent biases for an SOL at the
specified time.

TENDRIL class objects represent complete or partial paths through a survey, and include
25  the following data members:

Path an array of integers representing the indices of a sequence of points
Visited  an array of booleans indicating which points have been visited by this
tendril
30 Step an integer giving the number of points visited so far
Time a long integer giving the elapsed time from the start of the path
Scere a long integer giving the paths summed turn duration and bias.

pPoints  a pointer to a SEARCHDATA object



tendril 30 Step an integer giving the nunber of points visited so.f Ti. me
a long integer giving the elapsed tine fromthe start of the pat"h8 gé%r&ﬁﬁ
| ong integer giving the paths summed turn duration and bias. pPoints a
poi nter tova SERRIHDATA obj ect 8 SEP 2005 WO 02/ 073241 - 9 PTENDRIA26Y ass
obj ects use the follow ng nethods during a search: PCT/ A002/ 00269
G owTendril To (integer n) Try to extend the tendril by one line, by turning
tothe nth 5 closest SOL. If this SOL has been visited already by this
~tendril, GowTlendrilTo() returns 0, otherwise it returns the new val ue of
Score. PruneTendrilo Prune the tendril “of its last visited line. 10 These
nmet hods autonatically update Path, Visited, Step, Tinme and Score. Tendrils
of simlar Step nay be conpared on the basis of their Score. A |lower Score
generally indicates that the tendril has had shorter |ine changes, but may

al so i ndi o | et e [i,0rd line opd feather projections, etc. 15
I nsertMain eﬁ%lnlé@? S(S‘ﬁ’ ecgs,l%Fgﬁgtloggwggﬁ%%mcgs&gngﬁrsﬁmg “a mninmumduration (t
mnutes) within the first nlines of the tendril's path. If a turn | onger

t han specified al rea(;:‘iy exi sts, then no change is nmade, otherw se, the
| ongest t ur GroeTendriiladintessrm) clry se extend thedendstl byone Tipe. dytupagtedhs 8" cal | ed

after yn lings Hpg r Vs ad O EEER:. 0p] lists
of related tesﬁg!hs?g' {)ftf mﬁgbgaﬁrfaé%%%gﬁﬁt&ﬁbael% h Lt%lén%@éh%%ﬁ%@ﬁﬁ
Tendril, whictins & othehivist itaétutmsnity hidve vall&ENDRIdrBUFFER obj ects use the

met hod: InsertTendril (TENDRIL NewTendril), which adds a tendril to the

buffer, replacing the tendril with the worst score. 25 The TENDRI LSET

cl ass over spqmeRRSHARN2BRS e G eRRALE s PIPCERS i, Tendri | Set has the
‘fol | owi ng dataerrenbér S: Segr cheDataoa SSEE\RCiHDAT}A obj ect representing turns

and bi ases.
10 These methods automatically update Path, Visited, Step, Time and Score.
Tendrils of similar Step may be compared on the basis of their Secore. A lower Score
generally indicates that the tendril has had shorter line changes, but may also indicate

. completed priority lines, good feather projections, etc.

15 InsertMaintenance(long n, long t)
Schedules a turn of a minimum duration (t minutes) within the first n lines of the
tendril's path. If a turn longer than specified already exists, then no change is made;
otherwise, the longest turn is extended to the specified duration.
This function is called after n lines during the Short Search.
20 ‘
TENDRILBUFFER objects hold lists of related tendrils of the same step number. The
only data member is Tendril, which is a list of tendrils. TENDRILBUFFER objects use
the method: InsertTendril (TENDRIL NewTendril), which adds a tendril to the buffer,
replacing the tendril with the worst score.
25
The TENDRILSET class oversees and manages the search process. A TendrilSet has the

following data members:

SearchData a SEARCHDATA object representing turns and biases.
30 Bufferl a TENDRILBUFFER object. )
-Buffer2 a TENDRILBUFFER object.




30 Buffer! a TENDRI LBUFFER object. Buffer2 a TENDRI LBUFFER object. s SSE“SE”R""
2005 WO 02/073241 -10 pBestBuffer pWrkBuffer NunSteps 5 NumTendraI it

Max Shoot s a pointer to either Bufferl or Buffer?2. inter to
iRt PR

ei t her Buff uf fer 2. PCT/ AUD2/.00269 an integer représ e
nunber of lines to conplete. an integer representing the nunber of
tendrils. the maxi mum nunber of new SOLs from any one ECQL. the maxi mumturn
rank to be attenpted from any one EOL. The TENDRI LSET cl ass uses the

foll ow ng nethods: 10 Short Searcho gepgpates a set of seed paths of a
specified but limted nunber of steps. Tendril SearchQ generates a set of
pat hs of any nunber of steps from seed paths 15 generated by the

Short Sear ch thod. G owAl | Tendyi | is the in function called by
Tendri | Sear éﬁéﬁf’Fﬁﬁauseaspoélg%to#&Wﬁ‘&ferfﬂrgH “%or kBuf fer to extend itself
to a nunber pWork@uffeent NRiktbStoleRhdrWuTier] SHBAFELI NY the resul ting extended
tendrils to the BestBuffer. 20 SortBestTendrilso is a sinple sort that

sorts the resulting paths in order of nerit. A variety of paraneters can be

iluence t RamSt  Gor et rp el oty et BRGER 0T Chom 25

influeénce tNemSeadeils i t a8liftegef Rpré¥esingstheflmbedttteddnd.or i nfluencing the
search is the nunber )
- MaxShoots the maximum number of new SOLs from any one EOL.

MaxRank the maximum turn rank to be attempted from any one EQL.

The TENDRILSET class uses the following methods:
10

ShortSearch() generates a set of seed paths of a specified but limited number of

~ steps.

TendrilSearch() generates a set of paths of any number of steps from seed paths
15 generated by the ShortSearch() method.

GrowAllTendrils() is the main function called by TendrilSearch(). It causes each
Tendril in the WorkBuffer to extend itself to a number of adjacent points in turn,
submitting the resulting extended tendrils to the BestBuffer.

20

SortBestTendrils() is a simple sort that sorts the resulting paths in order of merit.

| A variety of parameters can be used to affect the behavior of the search. Some of these
parameters influence the construction of the SearchData object, and some of them

25  influence the search itself. The most significant factor influencing the search is the number
~ of Tendrils maintained, NumTendrils. The larger the number of Tendrils, the greater the

diversity of the paths and the more “long sighted” the search.

MaxShoots limits the number of growths made from each tendril at each EOL point. For

30 example, if MaxShoots = 4, then (at most) each tendril will grow to the four closest




the advantage given to orit

of Tendrils naintained, Nunmlendrils. The |arger the nunber of Tendrlé i he
greater the diversity of the paths and the nore "long sighted" the ea[fri 005
MaxShoots limts the nunber of grow hs nade fromeach tendril at each ECL
poi nt. ForwO8Dowanple, if MaxShoots = 4, then (at nost) eachvozodsd | wl |
grow to the four closest 8 SEP 2005 WO 02/ 073241 PCT/ AU02/ 00269 -11
unvisited SOL points. This paraneter effects the "diversity" of the search,
defining the rate at which the set of tendrils "fans out'. MaxRank limts
the Rank of turns tried at each point. for exanple, if MaxRank is 30, no 5
turns higher than rank 30 will be tri'etj fromany point. A B, C, D, E and F
affect the Short Search used to generate seed paths. "A" defines how many
of the available choices are tried fromthe start position; "B" defines how
many of tmeisaviaSOémbelts;ﬁ“dnimmmtﬁ dffecsdhd Ydiversine of sk sehrohhdefiningsthe wtsi t ed
10 i ne; Clg gg]ts]l nes ho%/.rref% of, the avail abl e choices are tried fromthe
end of t REWEERIDESlPLIFRUYS ARSI and so on. The product A B.C.D.E. F

determ nes how |l ong the short search will take. 15 These val ues can be

i ncreased for conpl ex searches involving tinme-dependent conditions or

mai nt enaMaxRagik/limigs deBagkof ttmgtee@fat prsh@ointaFopenahwle iblanBank is A0t e
Tendr|I ﬁﬁ-ﬁfﬁgheﬁhl ar e?@wgﬁ)g ) at hs effectlvely conpete with one
Py %8 LAV

anot her conp he attractiveness of an SCL
depends sol er on how long it 20 wi |l take to get to it fromthe current
ECQL, neasured in mnutes. Bias factors applied to an SOL nake the choice

more or PedsCaDy Egad KatfectihgShos St:%cbtlt*@rtorgémﬁ@t@ segskpaisner times. Negative

bi ases nmake, %e@tlﬁwrmé{n? o%ttlrleI eﬁ% 151}4@ c}?&ge gtgrxe}ﬁ?%o%?thse rrar{r)é(ds d%agl gfl g?f ![ S?S o5

t his val t(B” 'dsﬁmasb]t)mamdof ﬂ'ﬁmvfaiﬂ‘ﬂblef bhtﬁébstﬂra&'iedafrbhﬁ ths e0¢ batiedim vikitdbt h of
its ﬁtegglal SOL points. This makes the point nore attractive to the
Tend arch, and causes the line to appear earlier in the resulting

pat hs. T*'@’Sdé’fﬁieb'ﬁoivsm t Rty lﬁtﬁ&t:fléﬁcésrhr% gl';raee (‘f%?llk Qfd%fctﬁeoséc Q) aliQn bi as

is a neans of nmaking the search visit 1so nes It may be
30 efficlisnandeoonsit an isol ated I|ne early in a path it may get ignored

becaue USRI bt R0 FTBEH g B tenar = The

15 These values can be increased for complex searches involving time-dependent conditions

- or maintenance, giving a wider range of potential paths examined.

In the Tendril Search, a large number of paths effectively compete with one another. In a
completely unbiased search, the attractiveness of an SOL depends solely on how long it
20 will take to get to it from the current EOL, measured in minutes. Bias factors applied to an
SOL make the choice more or less attractive relative to other points, or other times.

Negative biases make points more attractive and vice versa.

Priority bias defines the advantage given to priority lines. If a line is marked as priority,
25  this value is subtracted from the fixed bias value associated with both of its potential SOL
points. This makes the point more attractive to the Tendril Search, and causes the line to

appear earlier in the resulting paths. This value is entered directly in the search dialog.

Isolation bias is a means of making the search visit isolated lines. Although it may be
30 efficient to visit an isolated line early in a path, it may get ignored because of the

inherently shortsighted competition between tendrils. The isolation bias makes isolated




- 8 SEP 20,015 WD 02/073241 PCT/ AU02/ 00269 -12 lines nore attracti_v% Sﬁgd
therefore nore likely to be visited) by subtracting a proportion of
shortest thmhidR24he point fromits fixed bias. This has thg, §fiteet, of
making all turns to the SOL equally nore attractive. This .percentage
proportion is the foresight parameter referred to in the search dial og box
generated by the SPS 1. 5 Tine dependent biases alter the |ikelihood of
starting a line at a particular tines. They are calculated by a Tine Bias
Function, and are used to account for-itidal, feather, priority or other

ti me-dependent factors. Tine dependent biases are calculated at hal f-hourly
intervals and stored in the SOL's Ti neBias set as integers prior to a
search. Ifef j y
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bet ween tdfgrrdd tBQn%fédseﬁﬂcﬁ% &%&ﬁd’%ﬁemfeﬁ%‘ctﬁe spdal l ow water etc). Tidal Bias

is applied if the specified me woul d cause an active tidal hazard to
be traversed. Tidal bias is mul tiplied by a Tidal Bias Vi ghtlng to give

the tide f Ti 20 Priorit

ool cul ot S0 Bl Mackt Prcl WiEAR RRod SNk BY w158 ksl BRES B ik 1o
SOLs bef caleutadl be apEined Bias El?fufneﬁoﬁ hiid Regdctiite dedouli® fdr diddl, \euthe SpridritPbi t Y
conponent . The SPS | can be |nterfaced w th the onboard navi gation and

Aty

‘posi ti onPHE dpedependent @CtOTSaTl%de’ﬁ@dﬁaF bigessiare etlrulgted yas belfrhowhgnjerstls t he
ship 101,40y &Q&%?x %‘%ﬂi QH 'glé’se%'BQﬂ%grs @10?@?%39511.%9“(“ ng ship position
eather, an odresst “ IS

and orientation surve allows the SPS 1 to
generlte an accurate "live' display of the current position of the ship
101 as i rses a route through a survey pattern, as. shown in Figure 8.

The shi pi?%ﬁc'i tasqs splculpid 108 apagicalar SOl ang by delerminines b &R Allow 804
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101, the expected feather conditions, the tide con
The results are multiplied by the Feather Bias Welghting to give the feather component

of the Time Bias Function.

15
Tidal Bias is calculated for lines where there is overlap between the line and tidal hazards
(reefs, shallow water etc). Tidal Bias is applied if the specified SOL time would cause an
active tidal hazard to be traversed. Tidal bias is multiplied by a Tidal Bias Weighting to
give the tide component of the Time Bias Function.

20

Priority Bias is calculated for lines with a specified “before” time by giving a bonus to

SOLs before and a penalty after the specified time to give the priority component.

The SPS 1 can be interfaced with the onboard navigation and positioning systems (e.g., a

25 global positioning system (GPS)) of the ship 101 to obtain periodically updated
information regarding ship position and orientation, feather, and survey progress. This
allows the SPS 1 to generate an accurate ‘live’ display of the current position of the ship

101 as it traverses a route through a survey pattern, as shown in Figure 8. The ship 101 is

~ displayed as a black triangle 802, and a status window 804 displays the current survey line
30 identifier, the location of the ship 101, the expected feather conditions, the tide conditions,

and the fraction of the total survey that has been completed. By using a pulldown menu,




and the fraction of the total survey that has been conpl eted. By gﬁéggja o
pul | down nenu, - 8 SEP 2005 WD 02/073241 PCT/ A U02/ 00269 -13 the us tar 08
specify a tine in the past or the future, and the SPS | then provides a
simlar dvepkegs2ilor the specified date and tinme. The expectradob/oesdi on of
the vessel is determned frominput values for the speed of the vessel on
survey lines, during line change turns, and during |ine change straight
segnents. Know edge of the ship's current position and the 5 sel ected
survey route also allows the SPS | to ?inerate navi gati onal data for

navi gation of the ship 101. The SPS | "incl udes a nunber of further display
options for the user. As shown in Figure 9, the predicted feather

condi tions al ong each survey line can be displayed as coloured 10 wedges
902 al onghe Bk cawpresify faitimee inathe ipass op theplanireemdwha 8BSy 19beh pramidbea dirsipirayed,

rovi di ng;; i Cin showi ti.de conditions, ingludi NUNEr |, C
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1002, 1@@shipAl®laf e hazard over which there is sufficient clearance to

safely pass is displayed as a yellow circle 1002, whereas an unsafe hazard
over which is not safe to pass is displayed 20 as an orange circle 1004.

;The tidetp rt i ' i M WM Lhdi. j of
the rel atrerEi durRds il P A GRS SEnREnILiD A0 bl f Pl O |
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desi gns, ependi on the vessel anpd, equi pnent configuration used. Thus

t he 3@erw8 # Scé_ot%pag%g f%"haf“fré‘?:’h;f‘?'v \}é@s}é’PP%"HES sepfdopheit caBRfi Ytriattons at
the survpvileed ﬁrgr@ﬁh_icl? ﬁ’rﬂg@r biving U doﬂditﬁ)ﬁg,rﬁcﬂfiilnggi Ylﬁéﬁeﬂ&”v@ﬁ}e%r cost.

Many nodifications will be apparent to those ski in the art w thout
depar t i neuIFeny e kendidenspandod stapbicpepseantationvodibe variagion le tidé nordisasifoed wi t h

referencel el ALCAIRARNLIG hottd. BN9Sd nshiige fe fidated by white 906
and black 908 regions above a cross hatched area 910 representing the ocean.
15
Submerged hazards are an important consideration for planning survey routes. As shown
in Figure 10, the SPS 1 displays the expected clearance over submerged hazards 1002,.
1004. A safe hazard over which there is sufficient clearance to safely pass is displayed as
a yellow circle 1002, whereaé an unsafe hazard over which is not safe to pass is displayed
20  as an orange circle 1004. The tide properties display 904 provides the user with an

indication of the relative tide conditions at the corresponding time and date.

The SPS 1 allows the user to determine completion times for potential new survey designs,
depending on the vessel and equipment configuration used. Thus the user can compare
25 alternative vessel and equipment configurations at the survey design or tendering stage in

terms of survey duration and cost.

Many modifications will be apparent to those skilled in the art without departing from the

scope of the present invention as herein described with reference to the accompanying

30 drawings.




-14 APPENDI X int CTENDRI LSET:: Shortsearch() 5 //CGenerates a set_ Qg ths 6
lines long //can be nore by adding extra | oops //pBestBuffer is pPé neeh
to a TENDRIABWFFEER where the search //results will be stecredydfnsdor eset
the best buffer pBestBuffer->Cl earBuffer O; //pBestBuffer contains
Nunifendrils blank tendrils //integers a,b,c,d, a,f in |oops represent turn
rank nunmbers 15 //for exanple, a=2,b=l,c=4,d=5,e=0,f=3 //will create a
tendril that attenpts to //take the 3rd "closest' SOL Point fromthe
current location //then the 2"d “closeét™ SOL Point to the |ocation at end
of step 1 20 //then the 5t" “closest' SOL Point to the location at end of
step 2 //then the 6t" "closest’' SOL Point to the location at end of step 3
//then the I't “closest’' SOL Poi nt APPENI¥IX ocation at end of step 4 //then
the 4°h 'Closest’ SOL Point to the location at end of step 5 //the
following set of |loops builds a tendril for all possible 25 //paths wthin
t he par afmet er STENDRYLEET: gRocB€kzPOI Nt has al ready VISITED by this tendril, the

Iltendrit is abqried when Tendril. & wlendri| To(n) returns 0. 30 35 40 45
50 55 A=8; B:szeaade[f%& Eﬁgﬁgﬁsgéxtffa!&mq{s?n? a=0 a<A; a++) //at any FIRST TURN 8

choi ces att enpt ed _
/pBestBuffer is a pointer to a TENDRILBUFFER where the search
//results will be stored
10 : //reset the best puffer
pBastBuffar->ClearBuffar(};
//pBestBuffer contains NumTendrils blank tendrils

//integers a,b,c,d,e,f in loops represent turn rank numbers
15 //for example, a=2,b=1,c=4,d=5,e=0,f=3
//will create a tendril that attempts tfo
//take the 3™ ‘closest’ SOL Point from the current location
//then the 2™ ‘closest’ SOL Point to the location at end of step 1
//then the 5% ‘closest’ S0L Peint to the location at end of step 2
20 //then the €™ ‘closest’ SOL Point to the location at end of step 3
//then the 1" ‘closest’ SOL Point to the location at end of step 4
//then the 4™ ‘'closest’ SOL Point to the location at end of step 5

//the following set of loops builds a tendril for all possible
25 //paths within the parameters.

//if an SOL Point has already VISITED by this tendril, the

//tendril is aborted when Tendril.GrowTendrilTe(n) returns 0.

30 A=8;B=6;C~6 ;D=6 ;E=6,;F=4;
for (int a=0:a<A;a++) //at any FIRST TURN 8 choices attempted
for (int b=0;b<B;b++)
for {int c¢=0;e<C;c++) //these are
for {int d=0;d<D;d++)
35 for {int e=0;e<E;e++)
for (int £=0;f<F;f++) //at any SIXTH TURN 4 choices attempted

{
//create a new, blank Tendril as a local variable
40 CTENDRIL Tendril:
//reset it
Tendril ClearTaendril {) ;

//grow Tendril to the a*" closest SOL
45 if (Tendril.GrowTendrilTo (a}}

//if 1*" step’s choice a was valid
if (Tendril.GrowTendrilTo{b})

50 //if 2™ step’s choice b was valid
i1f (Tendril.GrowTendrilTo {c))

//if 3™ step’s choice ¢ was valid
if (Tendril.GrowTendrilTo(d))
55
//iE 4™ srep’s choice d was valigd
if (Tendril.GrowTendrilTo (e)}

//if 5™ step's choice e was valid
60 if {Tendril.GrowTendrilTo (£))

//if the tendril made it to step 6
//attempt to add the Tendril to best buffer
pBeastBuffer->Insert (Tendril) ;

65 )

//pBestBuffer now contains NumTendrils good starting paths 6 lines long




for (int b=0;b<B; b++) for (int c¢c=0;c<C, c++) //these are for (int d=0;dm
d++) for (int e=0 e<E e++) for (int f=0;f<F;++) ( //at any SI XTH gTYRN %n«
choices attenpted //create a new, blank Tendril as a | ocal variable bt
CTENDRI L TeAdeior3247/reset it Tendril. CearTendril O ; //gicamadengish! to
the at" closest SOL if (Tendril. GowlendrilTo (a)) //if 1" step's choice
a was valid if (Tendril, Gowlendril To(b)) //if 21d step's choice b was
valid if (Tendril.GowTlendrilTo(c)) //if 3 d step's choice ¢c was valid if
(Tendril. GowTlendril To(d)) //if 4t’ stlgp' s choice d was valid if

(Tendril. G owTlendril To(e)) 60 65 //if*5™ step's choice e was valid if
(Tendril.GowTlendril To(f)) //if the tendril made it to step 6 //attenpt to
add the Tendril to best buffer pBestBuffer->Insert(Tendril); SEP 'LO-(J5
PCT/ AU02/ 00269 °TFpBast BUf Fel® MOV Tt AFME NG MTEN T s e gotsd tsaeti ng pat hs 6
lines | ong 8 /8 Pc230% rnsertMaintenance removed for clarity

/leg
5 //if N step’s choice X was valid
/f if (MaintainBefore =— N)
// InsertMaintenance (N, MaintenanceTime}

//



WO 02/ 073241 PCT/ AU02/ 00269 -15 return(12) //12 is the current stepangmbegﬁﬂgs
- 12 points (6 lines) visited //nb : calls to InsertMuintenance renoved
for claritWO0eg24l//if N' step's choice X was valid if (Warmtaeneesore =
/'l 1nsertMintenance(N, MiintenanceTinme) (r) 8 SEP WD 02/073241
PCT/ AU02/ 00269 -16 void CTENDRI LSET: : Tendril Search() //build the point set
and turn ranking database 5 //using info in the survey definition
Sear chPoi nts. Creat eTurnSet (&SURVEYDEFINLTION); 10 //calculate tine
dependent bias | ook up table for all points SearChPoints.
Creat eEi asSet (&SURVEYDEFI NI TION); //performa Short Search to build seed
tendrils StepNUrber = Shortsearch(); //keep growing Tendrils one step at a
time untivbie 12:rdbdntedanuaber, of steps perfornmed while (StepNunmber <
Nunst eps)t StepNunber = G owAl | Tendrils C); 20 //sort the tendrils into
order sof rank//cedftia O§T“rggtgﬁjﬂfi§g§g§;§“’yi7‘gpﬂéshﬁ%ffer now contains a set of
tendrils of | @RginBoiNindetapRmsdn i batmsi-@R% €Sent quasi optimal paths 8 SEP
2000. 5 WO 02/ 073241 PCT/ AU02/ 00269 -17 5

alculate time dependent bias lock up table for all points
SearchPcinta.CreateEiasSet(&SURVEYDEFINITION};

10

//perform a Short Search to build seed tendrils
StepNumber = ShortSearch();

//keep growing Tendrils one step at a time until
15 //desired number of steps performed
while {StepNumber < NumSteps}

StepNumber = GrowAllTendrils() ;

o 20 //sort the tendrils into order of rank
SortBestTendrils () ;

//pBestBuffer now contains a set of tendrils of length NumSteps
//that represent quasi optimal paths

25




10 15 20 //last steps results are at pBesteuffer, so swap the two pointers
Swap (pBestBuffer, pWrkBuffer); //pBesteuffer enpty //pWrkBuffér SCSE?aﬂ}@S
the best tendrils fromthe previous step //grow all the TENDRILS to a
restrict e®WOilmaxt of adj acent points //extended TENDRI LG aeUeubrwtted for
inclusion in pBestBuffer for (int Counter=0 Countercunilendrils; Counter++)
/I NewRank is the Rank nunber of the turn being attenpted int NewRank = O;
/ I New Shoots counts nunber of successful attenpts int NewShoots = 0; do (
25 //note Growlendril To net hod returQ§7Q if turn was invalid //for exanple
when the attenpted turns SO PO NT has'already //been visited by this
tendril //attenpt to make turn of rank [choice) if

(pvWorkBuffer->Tendril [ Counter]. G owTendril| TQNewRank)>0) 30 //if the shoot
was grown successfully, [/l offer the now extended tendril to Best

Y C
pBest Buf & - ST AEEFF{p BT KRB+ >Tendri | [ Counter]); 35 40 } //undo the turn
ready_for the/nexttat tenpt aPWrkBalfer, -3ToRpdide | .Costntes ] . PruneTendril ();
/la shoot was it GRee B Epr porkButfer) ; -

//pBestBuffer : empty
//pWorkBuffer : contains the best tendrils from the previous step

10 //grow all the TENDRILS to a restricted number of adjacent points
//extended TENDRILS are submitted for inclusion in pBestBuffer

for (int Counter=0;Counter<NumTendrils;Counter++}
{
15 //NewRank is the Rank number of the turn being attempted
int NawRank = 0;

A //New Shoots counts number of successful attempts
int NewsShoots = 0;

do
{
//note GrowTendrilTe method returns ¢ if turn was invalid
: //for example when the attempted turns SOL FOINT has already
25 //been visited by this tendril

//attempt to make turn of rank [choice]
if (pWorkBuffer->Tendril[Counter].GrowTendrilTo {NewRank}>0)

30 //if the shoot was grown successfully,
i
//offer the now extended tendril to Best
pBestBuffer->Insert (pWorkBuffer->Tendril [Counterl) ;

35 //undo the turn ready for the next attempt
pHerkBuffaer->Tendril [Counter] . PruneTaendril () ;

//a shoot was grown, so
’ NewShoots++;
40 )
//all growths successful or not use a choice so
NewRanlk++ ;
}
45

while ({NewShoots < MaxShoots) && (NewRank < MaxRank}) ;

//reset the working tendril so that it can be reused
pWorkBuffer->Tendril {Countear].ClearTendril ();

50 }

//pBestBuffer : NUMTENDRILS unsorted best tendrils with STEP N+l
//pWorkBuffer :  Empty

55 return (pBestBuffer->Tendril[0] .Step)




NewShoot s++; //all growths successful or not use a choice so NewRank++; 45
50 } int CTENDRILSET: :G ownll Tend[]i I s() k'} W?i I g '(I(NeWSPﬁOES' t< M- @Efgegg 52@5
&& ( NewRa < MaxRank /lreset the working tendril so at it can

reuged p %’J?Zr“ér»zr)endril[Oounter]. ClearTendril () ; PYPBESYBE’S er
NUMIENDRI LS unsorted best tendrils with STEP N+lI //pWrkBuffer Enpty 55
return (psestBuffer->Tendril [O] Step) } -- 8 SEP 2005 WO 02/073241

PCT/ AU02/ 00269 -18 |ongint CTENDRIL: : GowTlendrilTo (int nextchoice) { 5
10 15 20 25 30 35 40 45 50 //causes a fgendril to extend itself by taking
/[/the turn of rank nextchoice. //eg next choice = 2 wll attenpt the 3rd
shortest |ine change

longint CTENDRIL: :GrowTendrilTo (int nextchoice)
{ .
//causes a tendril to extend itself by taking
5 //the turn of rank nextchoice,
//eg next choice = 2 will attempt the 3rd shortest line change
//if the point to be turned to has been visited, returns 0
//otherwise returns the new accumnlated tendril score

10 //Get a pointer to this Tendrils current EOL peoint’s turn list
TURNLIST *TurnlList = &pPoints->TurnList[CurrentPoint()];

//NewSOLPoint is the index of the next SOL POINT
int NewSOLPeint = TurnList->SOL[nextchoice];

//if this new S0L point has already been visited, abort this tendril
if (Visited(NewSOLPoint)} returm(0};
//Find this new turns duration from the current EOL point’s Turn List
20 int TurnDuration = TurnList->Duration{nextchoica] ;
//Add the turn duration te the tendrils current time to get the new SOL time
Time += TurnDuration;
25 //GetBias(CurrentTime) returns the sum of the fixed bias
//and the time dependent bias associated with this SOL time -
//if now is 2 bad time to travel to the newSOLPoint, eg due to high feather
//GetBias will return a high value, penalizing this tendril
30 . //find bias asscciated with the new SOL point and time
int Bias = pPoints—>BiasList[NewsoLPoint].GetBias(Cux:antTime);
int NewStep = Step + 1;
35 //Path is an array of EQL / SOL indexes, represents the PATH of the tendril
Path[NewStepl = NewSOLPoint;
//mark the SOLPoint as visited by this tendril
SetViaited (NewSOLPoint, trua) ;
40
//add the cost of the turn
Score = Score + TurnDuration + FixedBias + TimeBias;
Lo //add the duration of the new Line
45 Time += LineDuration|[NewSOLPoint] ;
//the new EQOL is the SOL index XOR 1, the opposite end of the Line
int NewEOLPoint = NewSQLPcint ~ 1;
50 NewStap++;
Path[NewStep] = NewEOLPoint;
Step = NaewStep;
SetVisited{NewEOLPoint,trua) ;
55 return{Score) ;

//note : the storage of tendrils is inefficient (representing both ends of a line
//in the path is actually redundant and may be refined)
}




/[11f the point to be turned to has been visited, returns O //other nfﬁpe’)
returns the new accunul ated tendril score //Get a pointer to this 128805
current EQL point's turn list TURNLIST TurnLiat = :

SpPoi nt s- ¥RUEATIRE [CurrentPoint () ] .; //NewSOLPoi nt is thRCTHAGERWP t he

next SCL PO NT int. NewSCLPoint = TurnList->SOL[nextchoice7; //if this new
SOL point has already been visited, abort this tendril if (visited
(NewSOLPoint) ) raturn(0); //Find this new turns duration fromthe current
ECQL point's Turn List int TurnDuratiqg_= TurnList->Duration[nextchoice];

/1 Add the turn duration to the tendrils current time to get the new SCOL
time Tinme += TurnDuration; //GetBias(CurrentTine) returns the sumof the
fixed bi,ﬁiéué‘%nd the time dependent bias associated with this SO tine

[1if now-i ad tinme to travel to the newSOLPoi nt, eg due to high feather
/1 CGetBias will return a high value, penalizing this tendril //find bias
associated with the new SOL point and tine int Bias = .

pPoi nt s- Bif“asqz"‘r‘tbfeﬂ{1 NEOSEXPHY rdeperaicRg Bt dsptupre foriendpversing mebloraliy ofstep +

1, //Path iedeRrmiitdYeithicEthvel pREh id DS RSseihAP e B R ifcliiag PATH of the
tendril Path[ NewStep] = NewSOLPoint; //mark the SOCPol nt %s vi sited by

this fendril &ngevns pirbereNveiaopiss taversing @) leasy agubsehef said resietermmed ur n

Score = SCedi@nit stk Al da QANoitied i ACHB] t&hﬂ'g; | @5straih@dd the duration of
“the new Li nel lTism_s ggwll_ll ’ngDuroatQ_i onl[ \ O(i?‘:’ém nt g‘%ﬁ‘?ﬁ!’e} f’r?%’ew EQL is the SOL
i ndex XOR 1, ER&abRisspectvenenalies foisaidirpes;iand NewEOLPoi nt = NewSOLPoi nt -

J-? NewsSt ep++;gelebiartd Ut NEWRL R SNEVRIE L basiobRid phYENRE P

(.

- 10 2. A method for use in generating at least one route traversing a plurality of
predetermined seismic survey paths in a marine seismic survey, including:

(a) generating a plurality of partial routes, each partial route including a different
subset of said predetermined survey paths, said partial routes satisfying
predetermined constraints;

15 (b) for each partial route, generating a set of corresponding extended routes by
extending the partial route to include respectiire selected ones of remaining
predetermined seismic survey paths, said extended routes satisfying
predetermined constraints;

() generating penalties for said extended routes;

20 (d) selecting a subset of said extended routes on the basis of said penalties; and

(e) repeating steps (b){(d), using said subset of extended routes as said set of partial
routes.

3. A method as claimed in claim 2, wherein each partial route includes the same number

25 of said survey paths.

4. A method as claimed in claim 2, wherein said step of repeating steps (b){d) includes
repeating said steps until each of said extended routes includes all members of said
plurality of predetermined seismic survey paths.

30
5. A method as claimed in claim 2, wherein said step of repeating steps (b)~(d) includes

repeating said steps until said set of extended routes includes all but a predetermined




Set Vi si t ed( NewEQOLPoi nt,true); 55 return (Score); //note : the storage of
tendrils is inefficient (representing //in the path is actually rec&r&&a?ntwqr

and may bayHebinied) ) both ends of a line SEP 2005 WO 02/ ?f {ﬁ&/‘"'?
PCT/ AU02/ 00269 -19 CLAIMS: 1. A nethod for use in generati "8t one

route traversing a plurality of . predeternined seisnmic survey paths in a
mari ne seismc survey, including 5 generating a plurality of routes
traversing at | east a subset of said predeterm ned seismc survey paths,
said routes satisfying predeterm ned edihstrai nts; generating respective
penalties for said routes; and selecting at |east one of said routes on the
basis of said penalties. 10 2. A nmethod for use in generating at | east one

route travemsghing of sl Bhﬁ%ﬁt}%f Px%&ht@?ﬁ@@& SlidhReHrRF! ?ﬁ{ﬂ}s and the l?éiﬂ? ﬁ}e% sn a

mari ne seismic survey, inc generati ng par PP al
routes, eactf: partial route including a different subset of said

predet erm nedf(ﬁ.ug ?ye]g(&fi’lh@c?r el fa{tﬂér E}lrt%ludtnégogég o 5% : ﬁlbé/lgg&g gf)gsblgdet 4y ned

constraints; each gar
corres poﬁthgtrwsem e@nmnmgeuemlyers extseiddplnglityhef pesdeicahined stBmio simvey ude

respeati redeterni ned seismc survey paths,
sai d gxt gﬁgighlra%ﬂ%ép@g i {l &Sg%rﬂepe%nfﬁgﬁ???&? rrEp%nst raints; (c) generating
penal ti es forg@&'rat!lmemmiti@cbssmm@wnﬁ@a@djf 581dle&tﬂnﬂétgroateSMﬂet of said

o £ R BBt Bl B G Bk BB B PSR
rout es. @ath,éacimﬂsanﬂ asandécaromm in claim?2, V\/nerel n each partial route

dncludes the sanme nunber 25 of said survey paths. 4. A nethod as cl ai ned
in claim2, wherein said step of repeating steps (b)-(d) includes

100 6. A method as claimed in claim 2, wherein said selected ones of said plurality of
predetermined seismic survey paths are selected on the basis of distances between the

end of the partial route and ends of said predetermined seismic survey paths.

7. A method as claimed in claim 2, wherein said step of generating a set of partial routes
15 includes:
selecting, from a predetermined point, a plurality of start points, each start point
corresponding to a respective one of said seismic survey paths;
- generating, from each of said start points, possible partial routes traversing a

predetermined number of said seismic survey paths, said partial routes satisfying

20 predetermined constraints;
generating penalties for said partial routes; and

selecting a subset of said partial routes on the basts of said penalties.

8. A method as claimed in claim 1, including:

25 generating routes traversing said plurality of predetermined seismic survey paths
from the selected at least one of said routes;

displaying said routes for comparison; and

selecting at least one route on the basis of said comparison.

30 9. A method as claimed in claim 1, wherein said constraints include run in, run out and

turn constraints.



repeating said steps until each of said extended routes includes al

menbers of said plurality of predeterm ned seisnmc survey paths. 3@3§ERAEES
met hod as clainmed in claim2, wherein said step of repeating steps (b)-(d)

i ncl udes WYQP¥YPHHg said steps until said set of extendedPP%@ﬂégmﬂﬂbludes
all but a predetermined -8 SEP b" WD 02/073241 PCT/ A002/ 00269 -20 nunber
of said plurality of predeterm ned seism c survey paths, and including the
steps of. for each extended route, further extending said route to include
possi bl e partial routes traversing regmining nenbers of said plurality of
predeterm ned seismc survey 5 paths,  said partial routes satisfying
predeterm ned constraints; generating penalties associated with each of
sai d extended routes; and selecting a subset of said extended routes on the

basi s of 1fnd Behed @y clumsdimcdam |y vhereiacwidbperpiies iaglude pemrlfisufasathio 6. A
met hod as cdogipgdRehit B HidpdRidroBgrei n sai d sel ected ones of said plurality
of predeterm ned seism<c survey paths are selected on the basis of

di stances between the end of the partial route and ends of said

predet er i NeGnSRIS T ClaFHEd S oBAhNE - wiferei i | | [Re2,
wherein said ste g% gener at icg‘g‘kaﬁs‘é}gﬂ‘%ﬁ%P%@a@%@ggﬁ’%&?ﬁ%kﬁﬁ%

sel ec®i ng, changes scipeerisurmeypated point, a plurality of start points, each
start point corresponding to a respective one of said seismc survey
paths; generating, fromeach of said start points, possible partial routes
traversi Wy fameffroddast drimeadeit dlaimbér whireinasaitl step iffigensativg pemadtidssincladdsd
partial ro i | t 1. ned-.const r.ai : nerati ng

;penal ties %(%{r?é%al oé e%?rﬁl[e?gll-‘ tfr%gogﬁ éggﬁe{%éméﬁe% Ocelg ni%ﬁgisga%gg s%{oggr?ons'ai d partial
‘routes on the basis of said penalties. 8. A nethod as clainmed in claim1,

i ncl ydi ng; erat..-.ng .route raversing, sai d.plurality of.predeterm ned
sor st BB RER bR R OER L BUGHE 4 FELSr nbApd berin RS

di spl ayi ng gemirgtingopdradticam thenyaaisi cfamspeatict predetermined priorities for selected

paths of said predetermined survey paths.

14. A method as claimed in claim I, wherein said step of generating penalties includes

15 generating one or more penalties for respective hazards,

15. A method as claimed in claim !, wherein said step of generating penalties includes

generating one or more time-dependent penaities.

20 16. A method as claimed in claim 15, wherein said time-dependent penalties include

feather offset penalties.

17. A method as claimed in claim 15, wherein said time-dependent penalties include
feather projection penalties.
25
18. A method as claimed in claim 15, wherein said time-dependent penalties include

penalties for at least one tidal hazard

19. A method as claimed in claim 1, wherein said step of generating penalties includes

30 generating one or more penalties based on survey completion location.

20. A method as claimed in claim 1, wherein said step of generating penalties includes

generating one or more penalties based on maintenance requirements.




selecting at |east one route on the basis of said conparison. 30 9, SAQE .
met hod as clalned in claiml, wherein said constraints include run in # ubds
out and VPHEGMYtraints. -8SEP 21, WD 02/073241 PCT/ AUSSAGO86026%1 10. A
nmethod as claimed in claim1, wherein said penalties include penalties for
path conponents of said partial routes. 11. A nethod as clainmed in claim

1, wherein said penalties include penalties for line 5 changes between
survey paths. 12. A nethod as clained bp_claiml, wherein said step of
generating penalties includes generating penalties on the basis of at

| east one of time, distance and |location. 10 13. A nethod as clained in
claim1, wherein said step of generating penalties includes generating
penalties on the basis of respective predeterm ned priorities for selected

pat hs of _2$@kdnd@ﬁcﬁﬂ@tcﬂélmeﬂ clathh I e hcRAMSdetekminidy [REMAE 852 ShrabyReséikecl ai m
1, MhEFEIn-ﬁald step of £rat|ng penal ties includes 15 generating one or

nmore penal t E’§°¥1’6‘P5%§6@€‘{¢ ®Uazards. 15. A nethod as clainmed in claim1,
wherein said step of generating penalties includes generating one or nore
ti me-dependent penalties. 20 16. A nethod as clainmed in claim15, wherein
sai d Pi méi-dbmetinshes gaimad nedaimn gl aeluding displaying sigudated movement, ofisaid A

nmet hod as Gle@leBdsdidrgth@l M 15, wherein said tine-dependent penalties
include feather projection penalties. 25 18. A nmethod as clained in claim
15, wherein said time-dependent penaltles include penalties for at |east

one tidab3 hagakqdle cIEﬁﬂ@FEﬁ" g%nﬁ? 6 e nﬁéf?x% H&erﬁllﬁhgtﬁe 1S R s ﬁa\!egse§ %{3 p of

generating penalties i1nc I ng one“or nore ena ties based on
survey compidttimns. | ocation.  20. A nethod as claimed in claim1, wherein
‘sai digtep of generating penalties i ncl udes generating one or nore
penal ti es based on nai ntenance requirenents. WO 02/ 073241 _22

24. A method as claimed in claim 23, including determining clearances between said

vessel and at least one hazard at said times.

25. A method as claimed in claim 21, including determining water currents at said times.
15

26. A method as claimed in claim 235, including determining streamer feather values at said

times.

‘ 27. A method as claimed in claim 23, including displaying tidal data.
20
28. A method for evaluating a seismic survey comprising a plurality of predetermined
~ seismic survey paths in a marine seismic survey, including:
generating a plurality of routes traversing a subset of said predetermined seismic
survey paths, said routes satisfying predetermined constraints;
25 generating respective penalties for said routes;
selecting at least one of safd routes on the basis of said penalties;
generating a route traversing said plurality of predetermined seismic survey paths
from the selected at least one of said routes; and
evaluating said survey on the basis of a metric of said route.
30
29. A method as claimed in claim 28, wherein said metric includes at least one of survey

duration and survey cost.




nr 8 SEP C.uJ7 PCIT/AU02100269 21. A nethod as clained in claim1,
including determning |ocations for a survey vessel at future ti ﬁegEBnZ@g
selected route. 5 22. A nmethod as clained in claim21, including displaying
si mul at edW@dV&ABAt of said vessel on said route. 23. A niTed2488268] ai ned
in claim?2l, including determining tide levels for said vessel at said
times. 10 24. A nethod as clained in claim23, including determ ning

cl earances between said vessel and at |east one hazard at said tinmes. 25.
A method as claimed in claim21, including determning water currents at
said tinmes. 15 26. A nmethod as clainmed’in claim25, including determ ning
streanmer feather values at said tines. 27. A nethod as clainmed in claim
23, including displaying tidal data. 20 28. A nethod for evaluating a

sei snmi ¢ ¥ Sethadhpy clamed i glaimals, tipelyding revalvaéngrianeumbes cofssireeys aindey
paths in a I ' i ngQ; ' : ' of
Foutes 1r agorhifhefiy G, fr Sl eyl REpUAVEN, aRERRclhy Be Br QIETRIGS T

sai d rout ethedwsis of jaidgnepiiasdet er m ned constraints; 25 generating respective
penalties for said routes; selecting at | east one of said routes on the
basis of said penalties; generating a route traversing said plurality of
pr edel erdti Acdetbed entlginmdriv elaimp d0hwherkingaid dveveye hewt diffemincésdast leasionof sai d
routes; an | [ r : ' f tric of said route.
30 29. A ngl{ﬁe\égélggﬁﬁ a?t%n%d&fe%}ﬁgrg%r%%ggﬁgﬁh%@%lhﬁeggﬁgelﬁrrgtri c includes at

| east one of survey duration and survey cost. S 2005

32. Marine seismic survey software having program code for executing the steps of any

one of claims 1 to 31.

10
33. A computer readable storage medium having stored thereon program code for
executing the steps of any one of claims 1 to 31.
34. A marine seismic survey system having components for executing the steps of any one
15 of claims 1 to 31.

35. A marine seismic survey system as claimed in claim 32, including an interface for

receiving location data for a survey vessel.

20 36. A system for controlling a marine seismic survey, including:
an interface to a positioning system for determining the current position of a survey
vessel; and
a marine seismic survey system as claimed in claim 33 including means for
generating navigational data for said survey vessel based on said current position to

25 traverse said route.

37. A system as claimed in claim 36, wherein said positioning system is a GPS.




WO 02/ 073241 PCT/ AUO2/ 00269 -23 30. A nethod as clained in claim 28,

i ncl udi ng eval uating a nunber of surveys and determning netrics E%p’-ﬁai‘:ﬁir
surveys, respectively, and selecting one of said surveys on the basPs’ oft*d
said netrics. 5 31. A nmethod as clained in claim30, wherein said surveys
have differences in at |east one of vegssel configuration, streaner
configuration, and survey pattern. 32. Marine seismc survey software

havi ng program code for executing the steps of any one of clains 1 to 31.
10 33. A conput read or iL.um havi S e ram
code for execu |§'ng ?hrgig!g? ggér %S?qg%ﬁngegﬁtgngo%qq%qsglgnrres&%{etet gavtg%?ﬂgs%glu%h rine
sei sm ¢ suc¥pydaysiieed finviyshileorpanaiiesufwey, axeditgi ng the steps of any one
15 of clainms 1 to 31, 35. A marine seismc survey systemas clained_in
clai m 32, incl ulFISiptng janhrpliye of ofoutsse liavering Rodéast om smset ©brsaid sur vey

vessel . 20, 36erefnm¥ILENL] Blin€ UTOLL 08:A AR ARAShSHUfsOHhikeY . | ncl udi ng:

an interfage to a positiohing system ermning the current position
of a susvey vegsekatingndspaectivr peneltiseis said reutes,@ydsystem as clainmed in claim
33 including ne

ans for ener at.ing navigational data for.said survey vessel
based on said cﬁfg?cé]ﬁ‘ﬁ abk?gf’ttqnt?ﬁ%f’?i r%est‘%’a@‘ﬁgg%s %gqab‘ﬁ?%[t’&s' 37. A system as

claimed in claim 36, wherein said positioning systemis a GPS. VP SEP LOi 1J
-24 38. A nethod for use in generating at |east one route traversing a
plurality of pP2det érmithed feumsgdy gprarhidng at leashrand roatesiuaviessing & piraldy ng:

generating EH‘%I %}ral.ig of ro Les traveersi ng at, l.east a subset of said
predetern‘iﬂ g FVe %?ﬂrﬁ%‘(,p i 'd ABWESIERY 1 OF Hlé pr edet er m ned

constrapnts; S(gegaieditingla PRFARST oIV BarBig] dduftesL cablp 'paial GoliRUin€Ridinans
selecting at | east one of said routes on the basis of said penalties. 39. A
met hod f or diffeent rsugesiepfasais Predetarmined gaeey pathe saidiertial guigs srisfengt v
predetermined constraints;
(b) for each partial route, generating a set of corresponding extended routes by
extending the partial route to include respective selected ones of remaining
15  predetermined survey paths, said extended routes satisfying predetermined
constraints;
(c) generating penalties for said extended routes;
(d) selecting a subset of said extended routes on the basis of said penalties; and
(e) repeating steps (b)-(d), using said subset of extended routes as said set of

20  partial routes.

40. A method as claimed in claim 39, wherein each partial route includes

the same number of said survey paths.

25 41, A method as claimed in claim 39, wherein said step of repeating steps
(b)-(d) includes repeating said steps until each of said extended routes includes all

members of said plurality of predetermined survey paths.

42. A method as claimed in claim 39, wherein said step of repeating steps
30 (b)-(d) includes repeating said steps until said set of extended routes includes all but a
predetermined number of said plurality of predetermined survey paths, and including

the steps of:




of predetermi ned survey paths in a marine survey, including: 10 td) Sfp 2005
generating a plurality of partial routes, each partial route including &9
di fferent subset of said predeterm ned survey paths, said partial routes
satisfying predeterm ned constraints; (b) for each partial route,
generating a set of correspondi ng extepgled routes by extending the partial
route to include respective sel ected ones of remaining 15 predeterm ned
survey paths, said extended routes satisfying predeterm ned constraints;
(c) generating i r i g?q X I A . subset
of said ext endegéar %%{:Jllti %}gté%(%atrﬂ‘zt@b%gﬁﬁég 0 gg}grdsg %felﬁgﬁtﬁ@ﬁl&%@%%@%&@@%eati ng
st eps (D) - taites msicrsingsminthilsing seimbets efdaghplachlinoof predasrnsiacdisigedy withs, 20
parti al rout.gs. AE. A method as cl ai meg in claim39, wherein each parti al
route incl §@gartia @ugeéﬁétlgﬁ‘ﬁﬁé’i‘ed&fe@g}e CORipEYSipat hs. 25 41. A nethod as

claimed in clai Qb&?atiﬁ@*}?ehlgliti@s %ﬁg?ﬁam@mﬁ 6P&H éﬂ&cﬁﬁ?&ﬁes;lﬁm -(d) includes

repeating said Steps until each of said extended routes Includes all
menber s5of sai dsgléciingla supsabfof paid detendadi neds suthechasisanf e, petdlty dssodsthdd as

clainmed in_c¢laim 39, . rejn._said step of repeating steps 30 (b)-(d)
i ncl udes r%é’aﬁa&hﬁp%‘é%%ngayﬁﬁ%il said set of extended routes includes
all but a predeterm ned nunber of said plurality of predeterm ned survey

paths, and including the steps of: -25 for each extended route, further
ext endi ng sai d Adut e 4 Bethed] asddaipsd 9n islasmpd, therein saidtsslscted ones of praid

par 18l T ol eniy f oS rtinkl W3k bl b e BHE PP B8 oAb R P

associ ab ed thi dnld of itdpadfial sautd and brisdddait Puédesermard sbrvegbati ng a subset of
sai d extended routes on the basis of the penalty associated w th each of
said extended routes. 43. A nethod as clained in claim 39, wherein said

on the basi s of “d ot ahouoiay chalitd FRFRESGReRGH U KPomah A £s07 70 B
of sai d preflptrtrlioned imludesy paths. 44. A nethod as clainmed in claim 39,
wherein said st %ae&}cngg%%%{ %tli)rre]getgmﬁgéd poiﬁt, a plurality of start points, each start
15  point corresponding to a respective one of said survey paths;
generating, from each of said start points, possible partial routes traversing a
predetermined number of said survey paths, said partial routes satisfying
predetermined constraints;

generating penalties for said partial routes; and

20 selecting a subset of said partial routes on the basis of said penalties.

45. A method as claimed in claim 38, including;
generating routes traversing said plurality of predetermined survey paths from
the selected at least one of said routes;
25 displaying said routes for comparison; and

selecting at least one route on the basis of said comparison.

46. A method as claimed in claim 38, wherein said constraints include run
in, run out and turn constraints.

30




of partial routes includes: selecting, froma predeterm ned point, a
plurality of start points, each start 15 point corresponding to & § SEp 2005
respective one of said survey paths; generating, fromeach of said start “*"
poi nts, possible partial routes traversing a predeterm ned nunber of said
survey paths, said partial routes sat+2bying predeterm ned constraints;
generating penalties for said partial routes; and 20 selecting a subset of
said partial routes on the basis of said penalties. 45. A nethod as cl ai ned
in claim 38, inghudi ngmdeRLadiddithed GH! @gin} BRY SRl 3R HerlittsAinkhute Of
predeterm ned survey paths from the selected at | east ohe of said routes;
25 di spl ayipeeplisesifdr pashycermpérentsosispidriagtiah rowdesd sel ecting at | east one route
on the basis of said conparison. 46. A nethod as clainmed in claim 38,
wherein said constraints include run in, ran out and turn constraints. 30

m 8 SEP 2005 -2@847. AAnighdids ataimka | ifélaint 38! aVHEkdS, salth ERIltesSikRhde
penal ti es include enalties for path conponents of said partial routes.

48. A nit hoenadiéesdpriinpehangesdicavennagrveipetsi n sai d penal ties include 5
penalties for |ine changes between survey paths. 49. A nmethod as clained in
claim 38, wherein said step of generating penalties includes generating
penal ties on thd9basiss nefhaall ad eBiihed e clitmt 38yBwhdtiat Qi etepadfdgdneetibgon. 10
50. A net hod ?s claimed in cJaim38, wherein_ sajd step of generating
penal ties PRANRTCECYdropencraigeenalties a8 th basiohaislieast one of dises disjance
predet er m pegochidPrities for selected paths of said predeterm ned survey
paths. 15 51. A nethod as clainmed in claim 38, wherein said step of
generatitng -penalties includes generating one or nore penalties for
respecti ve hazagds. 2. LIS Sh AR WAk AP S it St eP
penalties includes generating penalties on the basis of respective predetermined

priorities for selected paths of said predetermined survey paths.

15 ‘ 51. A method as claimed in claim 38, wherein said step of generating

penalties includes generating one or more penalties for respective hazards.

52. A method as claimed in claim 38, wherein said step of generating
penalties includes generating one or more time-dependent penalties.
20
53. A method as claimed in claim 52, wherein said time-dependent

penalties include feather offset penalties.

54. A method as claimed in claim 52, wherein said time-dependent

25  penalties include feather projection penalties.

5355. A method as claimed in claim 52, wherein said time-dependent

penalties include penalties for at least one tidal hazard.

30 © 56, A method as claimed in claim 38, wherein said step of generating
penalties includes generating one or more penalties based on survey completion

location,




penal ti es includes generating one or nore tine-dependent penalties. 20 53.

A nethod as clainmed in claim52, wherein said tine-dependent penalat 'h@g -

i nclude feather offset penalties. 54. A nethod as clainmed in clai m’53%" <45
wherein said tine-dependent 25 penalties include feather projection
penalties. 55. A nmethod as clained inelaimb52, wherein said tinme-dependent
penalties include penalties for at |east one tidal hazard. 30 56. A nethod
as clainmed in claim38, wherein said step of generating penalties includes
generating one nof e nal ti es bgsed ,on ry onpl,et i o jon. ID
3005 - 27 57, A et HoGRBEEOR |5 TS nmc‘flﬁ‘i‘??n%ga,w%% s g Stst‘{%ﬂ g §%§e§&£

gener at i NGpenARRR! lchidled NErdeEMme JORET 8f | MOreORnflticdTbRedendl mamsenbased on

mai nt enance requirements. 58. A nethod as claimed in claim38, including
det er m ni ngqluseragnions for a survey vessel at future times on a sel ected
route. 59. A method as clained in claimb58, including displaying sinmulated
novenent of said vessel on said route. 10 60. A nmethod as clained in claim
58, indd udi ng dsg er minhdidod adkdaib@deh slafra38, maludingeleteminng baatibnsifores. 61. A
met hod as clained in claim60, inc]uding determ ning clearances 15 between
sai d vessefursgydvesse! pelgire Hes REASPECSE 'SHSd times. 62. A nethod as cl ai med
in claim58, including determining water currents at said tines. 20 63. A
met hod as clainmed in claim62, including determ ning streaner feather

val ues at said $9.mesA fikthod aethddedisn oflaimés, incluling dispbiyingnsimydated

di splaying tidal data. 25 65. A nethod for evaluating a survey conprising a
plurality WVCIB?I&@EF%‘M‘FWS&O%WQ/WE%M hs in a marine survey, including:

106
60. A method as claimed in claim 58, including determining tide levels for

said vessel at said times.

61. A method as claimed in claim 60, including determining clearances

15  between said vessel and at least one hazard at said times.

62. A method as claimed in claim 58, including determining water currents

at said times.

20 63. A method as claimed in claim 62, including determining streamer

feather values at said times.
64. A method as claimed in claim 60, including displaying tidal data.

25 65. A method for evaluating a survey comprising a plurality of
predetermined survey paths in a marine survey, including:
generating a plurality of routes traversing a subset of said predetermined
survey paths, said routes satisfying predetermined constraints;
generating respective penalties for said routes;
30 sclecting at least one of said routes on the basis of said penalties;
generating a route traversing said plurality of predetermined survey paths from

the selected at least one of said routes; and




generating a plurality of routes traversing a subset of said predetermnined
survey paths, said routes satisfying predeterm ned constraints; g'érgelsﬁ?i A5 )
respective penalties for said routes; 30 selecting at |east one of said
routes on the basis of said penalties; generating a route traversing said
plurality of predeterm ned survey pathgfrom the selected at |east one of
said routes; and -28- evaluating said survey on the basis of a netric of
said route. 66. A nethod as clained in claim@®65, wherein said netric

| ncl udes at lea?\;aluaﬁggsﬁlhsﬁ#{ej%s}{t}?e%a@fsio(?gn@éﬁqc 8f‘§aYnc§%u?e(?St- 5 67. A method

as claimed in clarm n I'ng evaluating a nunber of surveys and
determ ning netrics for said surveys, respectively, and selecting one of

sai d surveys on_t he basi f sajd metrics, 10 68. A nmethod as clained in
claim67, wheref sagdn%tﬁﬁ:'qole%/%laa%ﬂem T, BREES 91 FETIRS gt Al TP vessel

confi gur at y,Qinf 8Ve§ ABAioA ARG SQYERLAsPN, and survey pattern. 69. Marine
survey software haVving program code for executing the steps of 15 any one

of claifrs 38 to 68. 70. A conputer readabl e storage nmedi um havi ng stored

t hereon program.,code for execyting.the.steps qf .any one.of clains 38 to
68. 20 71. A madTne SUPSEBYTE SUH 0 TR ShBaiPe S EPa R RS Phe st eps
of any onQuredysGingdi dBerd$hih® nffrics/Br sAid"RHS, BsPekBVelPymdeRlRfng baé 6Bd i n
claim69, including an interface for receiving |ocation data for a survey
vessel . 25s@@surpeysyos therbasiy olcsgit melitics.ng a marine survey, including: an
interface to a positioning systemfor determning the current position of a
survey vessel; and a marine survey systemas clainmed in claim70 including

means f®r generés.i ngA 3thalisgatiabnal iflatlaind 067, s ahekeiursurly swesselhabased on
said current position_to traverse said route. .
differences in at least one of vessel configuration, streamer configuration, and survey

pattern,

69. Marine survey software having program code for executing the steps of

15 any one of claims 38 to 68.

70. A computer readable storage medium having stored thereon program

code for executing the steps of any one of claims 38 to 68.

20 71. A marine survey system having components for executing the steps of

any one of claims 38 to 68.

72. A marine survey system as claimed in claim 69, including an interface
for receiving location data for a survey vessel.
25
73. A system for controlling a marine survey, including:
an interface to a positioning system for determining the current position of a
survey vessel; and
a marine survey system as claimed in claim 70 including means for generating
30  navigational data for said survey vessel based on said current position to traverse said

route,




8 SEP 2f1Y5 -29 74. A systemas clained in claim73, wherein saidﬁ,g SEP
positioning systemis a GPS.
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74. A system as claimed in claim 73, wherein said positioning system is a
GPS.




