Foldable Wing Bird for Marine Seismic Survey Systems BACKGROUND TECHNICAL FIELD
[0001]Embodiments of the subject matter disclosed herein generally relate to birds that are attached to
streamers or sources of marine seismic survey systems and are being used to control depth and/or
lateral position of the streamer or source, and, in particular, to birds having foldable wings.
DISCUSSION OF THE BACKGROUND [0002]Marine seismic surveys are used to generate an image
of the geophysical stfRIERRIEipe BidipsMarineSials mikSurmpiySvaie Bishore well unlikely.
[0003]During a seismic survey, as shown in Figure 1, a vessel 10 tows one or more seismic sources
20 configured to generate acoustic waves 22a that propagate downward and penetrate the seafloor 24

until eventually being reflected by a reerctinR structure 26.
BACKGROUND

TECHNICAL FIELD

[0001] Embodiments of the subject matter disclosed herein generally relate to
birds that are attached to streamers or sources of marine seismic survey systems
and are being used to control depth and/or lateral position of the streamer or source,

and, in particular, to birds having foldable wings.

DISCUSSION OF THE BACKGROUND

[0002] Marine seismic surveys are used to generate an image of the
geophysical structure under the seafloor in order to make drilling a dry offshore well
unlikely.

[0003] During a seismic survey, as shown in Figure 1, a vessel 10 tows one or
more seismic sources 20 configured to generate acoustic waves 22a that propagate
downward and peneirate the seafioor 24 until eventually being reflected by a
reflecting structure 26.

[0004] The vessel 10 also tows acoustic detectors 12 arranged along a cable
14. The cable 14 and the detectors 12 are known as a streamer 16. The detectors
12 acquire information (seismic data) about the reflected waves 22b, 22¢ and 22d.
[0005] The streamer 16 may be towed horizontally, i.e., lying at a constant
depth relative to the water’s surface 18 (as illustrated in Figure 1) or slanted relative

to the surface 18 (as disclosed, for example, in U.S. Patent No. 4,992,992).



[0004]The vessel 10 also tows acoustic detectors 12 arranged along a cable 14. The cable 14 and the
detectors 12 are known as a streamer 16. The detectors 12 acquire information (seismic data) about
the reflected waves 22b, 22c and 22d. [0005]The streamer 16 may be towed horizontally, i.e., lying at
a constant depth relative to the water's surface 18 (as illustrated in Figure 1) or slanted relative to the
surface 18 (as disclosed, for example, in U.S. Patent No. 4,992,992). [0006]The vessel 10 may tow
plural stlB8Rfrs at thg'@%\l"!ﬁa‘?ﬁﬁﬁé.&)’ﬂﬁﬁé%i@fﬁf@lﬁ@%@ﬂ%ﬂmﬁﬁ@@@éﬁﬁfér@d@ﬁﬂﬂ and lateral
positions may be controlled using steering devices 30 known as "birds." The birds are attached to the
streameF€/3010 ARG REAYIsitaN, e Sonaresrirsleniranss glorat easiiiorsynrs ke ansiraliecare
attached to a body and allowed to rotate around an axis while an area of the control surfaces is

constant'SIPHSHELHNY dRUFRH PR didFou dhavalEls gresatirclpdoivchristisianersa surface

may become greater than pressure on the other side thereof. The pressure difference yields a force
perpend®Bffio the oRiFEI WRigRlY AR sRISOFEBHS & Tfrcsicl Feiradie@etvnet aidieshtrol
surface. This force is used to adjust a bird's location in a plane perpendicular to the tow direction and,

becausdAELBRPHESHEERRBIAY 2nd AlRwedds tetateraspvacsatepiisanbilsr anarsaekthen.

[0008]When the streamers are no longer used (i.e., the seismic survey has
control surraces is constant. When a bird’s control surface maoves through water,

pressure on one side of such a surface may become greater than pressure on the
other side thereof. The pressure difference yields a force perpendicular to the
control surface and proportional to the area of the projection of the control surface.
This force is used to adjust a bird’s location in a plane perpendicular o the tow
direction and, because the bird is attached to the streamer, also the streamer's depth
and/or lateral position.

[0008] When the streamers are no longer used (i.e., the seismic survey has
ended), they are retrieved on the vessel 10. Conventional birds, and, in particular,
their control surfaces extending away from the cable 14, may be damaged during
recovery. In view of their length and flexibility, the streamers are usually retrieved
and stored on spools located on the deck of the vessel. When the streamers are
retrieved, the solid control surfaces of conventional birds may be damaged or may
get entangled, making it difficult to later roll out the streamers. Therefore, the wings
of the birds or the birds have to be removed from the streamers when the streamers
are retrieved, which is a time-consuming procedure.

[0009] in instances when an accidental loss of towing speed occurs, the
control surfaces may not produce the intended steering, but instead cause

undesirable drag forces that amplify the slow-down. In other instances, if the
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ended), they are retrieved on the vessel 10. Conventional birds, and, in particular, their control
surfaces extending away from the cable 14, may be damaged during recovery. In view of their length
and flexibility, the streamers are usually retrieved and stored on spools located on the deck of the
vessel. When the streamers are retrieved, the solid control surfaces of conventional birds may be
damaged or may get entangled, making it difficult to later roll out the streamers. Therefore, the wings
of the bFUSBIEHE BRIL0F/R%8 05 BUAH LR RIYR SRR MEIRESS SARAARGRMF: retrieved,

which is a time-consuming procedure. [0009]In jnstances when an accidental loss of towing speed

occurs, HEABHEDRAERNRRNI R EMRS tHE Bl RIS QLSRN Een heiBarE R SR desirable
drag forces that amplify the slow-down, In other instances, if the streamers get too close to one
another™MAg ﬁcﬁ?%%rﬁ?glq é}ﬂ‘a Q%ﬁag/%'é%é e%ﬁﬁ&é@ﬁﬁﬁ%ﬁb?ﬁiﬂg%?r@ﬁ%ﬁ?iw%tiII another
instance, a wing of the bird may be damaged ((e.g., broken) and thus, the bird may start to spin. In this
situatiort! QS ERSBISI TP AR RVt @ P RGBS LAT e SRR Hing 1o

minimize the disturbance, created by this bird. [0010]Furthermore, there are instances in which the
streamef% Wé@ﬂ’{%eo@’%l %@@%ﬂﬁ%%ﬁ@yﬂ&&wﬁter to remove bio-fouling settlement that

accumu n their exterior surface. The cleaning devices used on the streamers are negatively
impacte@heiﬁe bird'j'3 YOO QiR %ﬂ@nﬁ\ﬁt@B%’?r&f%'ﬁﬁbt%ﬁégﬁ%?}%ﬁiﬁﬁfﬁ%%?ﬁs the cleaning

devices to pass ovey the hird's location. Therefore, cleaning devices have to he manually repositioned.

0011 AR AR M HE LG ETHELE AR R MR IR BRI the afore-described

problems reIateF %o the (%Rntrol urfaces. SUM '
accumulates on

eir exterior surface. %eR Xieaning devices used on the streamers
are negatively impacted by the bird’s control surfaces extending away from the
streamer, which prevents the cleaning devices to pass over the bird’s location.
Therefore, cleaning devices have to be manually repositioned.

[0011] Accordingly, it would be desirable to provide birds and methods that

avoid the afore-described problems related to the control surfaces.

SUMMARY
[06012] A bird having one or more foldable wings is easier to recover and may
benefit from the wing being foldable in various situations occurring during a marine
seismic survey (e.g., when the towing speed decreases, when marine growth gets
attached to the wing, etc.).
[0013] According to one exemplary embodiment, there is a bird for a streamer
or a source of a marine seismic survey system. The bird has a body configured to
be attached to the streamer or the source, and a first wing connected to the body
and having an active surface used to control depth and/or lateral position of the

body. The first wing is configured to be switched between an operational state in
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[0012]A bird having one or more foldable wings is easier to recover and may benefit from the wing
being foldable in various situations occurring during a marine seismic survey (e.g., when the towing
speed decreases, when marine growth gets attached to the wing, etc.). [0013]According to one
exemplary embodiment, there is a bird for a streamer or a source of a marine seismic survey system.

The bird has a body ¢onfigured to be attached to the streamer or the source, and a first win
connect¥Beh dhe G5y & sH 5§ ﬁﬁtﬁﬁa% SUYFACEUS efobE’SJHtraPﬂﬁ%ﬂfgﬁiﬁﬁﬁé%‘{"ﬁ&gﬂon of the

body. The first wing Eﬁconﬁ?rad éo e SWi:%le% between an operational state in which the active
surface R&RNGHERSS BIRARE PI6SS, 1910986/ % d state in which the active surface is folded close

to the bod 014]According to another exemplary embodiment, there is a marine seismic survey
system I0Aing a stACFRENIBH A B0 B TR Yo BB THr TR M S B IR Bnnected

to the streamer or the source. The bird has a body configured to be attached to the streamer or the
Source S RLE g RO HRIOG PR B, G G IPH R CoBRRH 2 AERHER 10 control

operat AR AIER R SELRR G A G AR R o THE DBt 296Ked sate in
embodiFRTIOHER 1 CeAUARE LI IBE s A R hiBP Ut BB A L3 BT WAREI S he methoc
foldabic G EoEHAARR A P T R LA THEY S RIHEE P b Blational state
n aich e Sl o e, e biod el LRSS B s dep
" operational state in which the active surface is extended away from the body, anda

folded state in which the active surface is folded close to the body.

[0015] According to another exemplary embodiment, there is a method for

steering a streamer or a source towed through water. The method includes

connecting a bird having a foldable wing to the streamer or the source, and actuating

the foldable wing to change from a folded state in which the foldable wing is folded fo

an operational state in which the foldable wing is extended. The method further

includes using the bird to adjust a depth and/or lateral position of the streamer or the

source.

BRIEF DESCRIPTION OF THE DRAWINGS

[06016] The accompanying drawings, which are incorporated in and constitute
a part of the specification, illustrate one or more embodiments and, together with the
description, explain these embodiments. [n the drawings:

[0017] Figure 1 is a schematic diagram of a marine seismic survey system;
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BRIEF DESCRIPTION OF THE DRAWINGS [0016]The accompanying drawings, which are
incorporated in and constitute a part of the specification, illustrate one or more embodiments and,
together with the description, explain these embodiments. In the drawings: [0017]Figure 1 is a
schematic diagram of a marine seismic survey system; [0018]Figure 2A is a schematic diagram of a

bird according to an exemplary embodiment, in an operational state; [0019]Figure 2B is a schematic
diagram?ggﬁ% bird illlﬂ:éﬂlé‘i@@%%'?i@&fé‘?ﬂ‘ﬁ%cadféﬁf@(ﬁ%%@;%éﬂﬂ%ﬂ'@ G0 SARARIBE diagram of

a joint between segments ofa
embodiment, in an operational state;

[0019] Figure 2B is a schematic diagram of the bird illustrated in Figure 2A, in
a folded state;

[6020] - Figure 3 is a schematic diagram of a joint between segments of a
support structure of a foldable wing and an actuating mechanism according to an
exemplary embodiment;

[0021] Figure 4A is a schematic diagram of another bird according to an
exemplary embodiment, in an operational state;

[0022] Figure 4B is a schematic diagram of the bird illustrated in Figure 4A, in
a folded state;

[0023] Figures 5A and 5B are schematic diagrams of birds according to other
exemplary embodiments;

[0024] Figure 6A is a schematic diagram of another bird according to an
exemplary embodiment, in an operational state;

[0025] Figure 6B is a schematic diagram of the bird illustrated in Figure 6A, in
a folded state;

[0026] Figure 7 is a schematic diagram of another bird according to an
exemplary embodiment;

[0027] Figures 8A-D are schematic diagrafns of another bird according to an
exemplary embodiment;

[0028] Figures 8E-G are schematic diagrams of another bird according to an

exsemplary embodiment;



support structure of a foldable wing and an actuating mechanism according to an exemplary
embodiment; [0021]Figure 4A is a schematic diagram of another bird according to an exemplary
embodiment, in an operational state; [0022]Figure 4B is a schematic diagram of the bird illustrated in
Figure 4A, in a folded state; [0023]Figures 5A and 5B are schematic diagrams of birds according to
other exer&!ﬁry embadiments; [0024]Figure 6A is a schematic diagram of another bird according to

an exentPBeYlembodlifiHE B Bracriieiiis Sege 63 8 prairestrisric Swrsxiwyalediam of the bird

illustrated in Figure 6A, in )
using a bird according o an exemplary embodiment; and

[0030] Figure 10 is a flowchart illustrating steps performed by a method for
steering a streamer or a source towed through water according to an exemplary

embodiment,

DETAILED DESCRIPTION

[0031] The following description of the exemplary embodiments refers to the
accompanying drawings. The same reference numbers in different drawings identify
the same or similar elements. The following detailed description does not limit the
invention. Instead, the scope of the invention is defined by the appended claims. The
following embodiments are discussed, for simplicity, with regard to the terminology and
structure of a bird for a streamer of a marine seismic survey system. However, such a
bird may be used with other parts of a seismic survey system, e.g., a source.

{0032} Reference throughout the specification to “one embodiment” or “an
embodiment” means that a particular feature, structure or characteristic described in
connection with an embodiment is included in at least one embodiment of the subject
matter disclosed. Thus, the appearance of the phrases “in one embodiment” or “in an
embodiment” in various places throughout the specification is not necessarily referring
to the same embodiment. Furthér, the particular features, structures or characteristics
may be combined in any suitable manner in one or more embodiments.

[0033] Figure 2A illustrates a bird 100 for a streamer (or source) of a marine
seismic survey system according to an exemplary embodiment. A bird is understood in

the following to be able to control lateral movement, or depth movement or both. The
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a folded state; [0026]Figure 7 is a schematic diagram of another bird according to an exemplary
embodiment; [0027]Figures 8A-D are schematic diagrams of another bird according to an exemplary
embodiment; [0028]Figures BE-G are schematic diagrams of another bird according to an exsemplary
embodiment; [0029]Figure 9 is a schematic diagram of a marine seismic survey system using a bird

according to an exemplara/ embodiment; and _
bird 100 has a body 110 configured to be attached to a streamer 101 and two wings

120a and 120b connected to the body 110. The number of wings (two) is merely an
iflustration and is not intended to be limiting. The bird may be attached to the streamer
101, for example, with a clamp, or may be attached to a corresponding base located
between sections 101a and 101b of the streamer, i.e., the bird is in-line with the
streamer.

[0034] Each of the wings 120a and 120b has an active surface 130a and
130b, respectively, used to control depth and/or lateral position of the body. The
active surfaces 130a and 130b are configured to extend away from the body 110 in
an operational state, and to fold close to the body 110 in a folded state as illustrated
in Figure 2B. The wings 120a and 120b are configured to be switched between the
operational state and the folded state (manually or automatically, by an actuation
rﬁeéhanism to be discussed later).

[0035] The force caused by a wing while towed through water is proportional
to the area of the active surface’s projection in the plane perpendicular to the towing
direction. In the operational state, the active surface is extended to have a first area
that is the maximum substantially fiat area achievable for the given wing. The active
surface is controlled (e.g., rotated) to have a non-zero projection on a plane
perpendicular to the towing direction in order to generate a steering force. The
steering force is understood fo be a force the changes a lateral position of the bird,
or a depth position of the bird or both. The steering force may be varied by varying
the orientation of the active surface, as described, for example, in U.S. Patent No.
7,610,871 by Leclercq et al., the entire content of which is incorporated herein by

reference.



[0030]Figure 10 is a flowchart illustrating steps performed by a method for steering a streamer or a
source towed through water according to an exemplary embodiment. DETAILED DESCRIPTION
[0031]The following description of the exemplary embodiments refers to the accompanying drawings.
The same reference numbers in different drawings identify the same or similar elements. The following
detailed description does nat |limit the inventjon. Instead, the scope of the invention is defined by the
appendé¥0d8ims. Thivdpfaidpe pistaireMysiratad insigareaBithsiarlive it resar e
terminology and structure of a bird for a streamer of a marine seismic survey system. However, such a
pird mag?h (400 ARTRNRS FRRE 1 ERGTE SLivd) s aiAte 8 S Ot R asiRce
throughout the specification to "one embodiment” or "an embodiment” means that a particular feature,
structur§BfasRfdcliaichid gikibamalep R thm it aseethpmaiianhe %[ﬁféﬂ“ﬁ‘ipﬁﬁ@ast one
embodiment of the subject matter disclosed. Thus, the appearance of the phrases "in one
emboditﬁ@ﬁf"Wm*ﬂ%téﬁﬁ%ﬁﬂﬂgﬁ‘e‘lﬂ’\}Qﬁ(ﬂﬁ%f&é@% triGaEHS semerelrt frasem ieRbMHBCessarily
referring to the same embodiment. Further, the particular features, structures or characteristics may be
combiniaqr??ﬁﬁy'ggi QHtE AIHhRBPRFBRABY RS BNHBIFSEntRe[B0EM MK dr®124 BRiSPAESS a bird 100

for a strearr:%%;r ors urcﬂi) of a marine seismic surve% system acco,rdirlls_to an exemplary embodiment.

A bird if} AR BRGNS TRV IHH B YBARDPMRE BRI iR, A N8 RHTRGSement o
both. Th1e 38a or 130b may be a flexible membrane sustained by a support structure 136a or

136b, respectively. The flexible membrane is made of a pliable, resistant and at
least partially-impermeable material. For example, the flexible membrane may be
made of plastic. In one embodiment, the flexible membrane may be made of an
inflatable sheet-like plastic container that may be filled with gas.

[0037] The wings are in the operational state while the seismic survey is
performed so that the active surfaces can efficiently be used for steering if needed.
When the streamer is retrieved after finishing the seismic survey, the wings are
preferably in the folded state. While the streamer having the bird attached is towed
through water, the wings may be switched from the operational state to the folded
state when the towing speed decreases (because by folding the wings, the drag
force decreases), or when the streamer becomes too close to another streamer (to
avoid entangling of the bird with the other streamer and its instrumentation). The
wings may be later unfolded (extended) when the towing speed recovers or when
the distance between streamers increases,

[0038] Having the wings folded is also preferable when an equipment failure
occurs. Folding the wings may alsc have the beneficial effect of releasing marine

growth that has undesirably become attached to the active surfaces.
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bird 100 has a body 110 configured to be attached to a streamer 101 and two wings 120a and 120b
connected to the body 110. The number of wings (two) is merely an illustration and is not intended to
be limiting. The bird may be attached to the streamer 101, for example, with a clamp, or may be
attached to a corresponding base located between sections 101a and 101b of the streamer, i.e., the
bird is in-ling with the streamer. [0034]Each of the wings 120a and 120b has an active surface 130a
and 1300 %8%bectivel) PGS B BEdRSIRGABMPIHEIaIGR MG saklNop b2 REHALIVE surfaces
130a and 130b are configured to extend away from the body 110 in an operational state, and to fold

close toMREBBAFTL M a BRBH AR AERANRE HHRIGFS BSeMCRMErssdrania 20b are

configured to t?e switched between the operational state and the folded state (manually or
automafIRPRS 4% QGatReh imEth3Rd R HischedeWRicMigtnairele Harcerntialien by a wing

while towed LFr)lrou h water isl&gr)roportional to the area of the active surface's projection in the plane
perpendR@laPE @%&ﬁﬁg‘ LY Ve 858 operational state, the active surface is extended to have a

first area.t i
is contrjﬁ’g

éx is the nﬁiimum SLfll%st ntially flat area achievable for the given Win% The active surface
é g., rotatea PR HALRT 4 RB AT O B BORSENS (handherprnHRRale8 withowing
direction in order to generate steerintgreg%?gé The steering force is understood to be a force the

changeS4TREMPFOSRIBTOLT thalhray m%PQtWB%ﬂ%tBﬁ&%WB%“ﬁF TP SLRIERS force may be
ied b ing,the orientat he acti face, as described, f nle, in U.S. Patent No.
7510, 5MIEy LS TR SR B e WEIGRR AP i SR0ASk SEFei By 1e8once. (0036l
the folded t?PLe, asgléé{straséedgin F%}?ure B, the active surfaces 130a and 130b are folded close to the
pody 118350 SiddedbeER BT BIRnEaIS SiAeBqeolG comliRr 4 ARETRNR e first area

thereof in the operagional state. By minjmizing the second area, the drag force (which is generated
concomﬂaqr? %Q%g‘[%%ﬁﬁﬁ%?gé% Sédﬁgé %A 5%@ IR ARESHaR e BRATRLY be stored on

Horible RARAAL ST B a-eS B HESIaaE e FUBlE T8 BV PRE T ile membrane
e oL AR ssEa gne o st araly el et Lo e e e
inflatablglgg?_gggk% Fi)l’ll g}irgact(a)onr%a(ig.%r.,t r%tmn} e gvrf%lllt%dv\gistge %Isé the streamer) indicating that

the streamer is retrieved on the towing vessel.

[0041] In one embodiment, the actuating mechanism 140 may consist of

elements 136a or 136b (which may also operate as a support structure) biasing the

wing(s) to be in the operational state, and a string 142a or 142b usable to manually

or automatically fold the respective wing. The actuating mechanism 140 may include

an electric motor.

[0042] In the embodiment illustrated in Figures 2A and 2B, the support

structure 1306a (and/or 136b) includes substantially rigid segments connected to

each other. A firstrigid segment is connected to the body 110 and the other rigid

segments are each connected to an end of a previous rigid segment. The rigid

segments alternate back and forth from a leading edge 132a (or 132b) to a trailing

edge 134a (or 134b) of the flexible membrane (leading and trailing being defined

9



[0037]The wings are in the operational state while the seismic survey is performed so that the active
surfaces can efficiently be used for steering if needed. When the streamer is retrieved after finishing
the seismic survey, the wings are preferably in the folded state. While the streamer having the bird

attached is towed through water, the wings may be switched from the operational state to the folded

tate when the towj d g b by folding the wings, the drag f d ,
hon (SN PRLNIES RS HGCh 0 B SHEE RS DM AGORS Btn e

cpood rEBaETI R TR BEEREN DB Shc R e Pl oS AOSBREREE hgs folded i
it of FIXH L S hGERAL o HEG¥- 15 bATSRe MBS I RE R rfoces.
actuatng ISR 8178, ALe T B A OIS B AREIE056 FEHUAA BB 10 of he
may be KRR BT A AP R R o BN VA oS aton
Cite (8 VG BRSSP A AGHBUY 7 & LR CEOOTeHAs SHaHHE D LT TEPES debrmin i
Cpoed 1 RHGR R (P R LS i A A AP s NS BRI prodetormined
streama! Hatbating tisEIhE SrRHING 1 ILE GO On e uing SEL08. [BBATA Bhe mbodiment. the
actuatingorﬁl |§5:Lr|]raerc]:f-815n pllfs(?\%aeyrf:gcl)gssi%tg%ents 135 and 137 of a support structure away from

one another. The rigid segments 135 and 137 are connected to one another by a

hinge 139. A string 143 tied to an edge of the flexible membrane may be pulled

toward the body to bring the rigid segments 135 and 137 closer together, and

released manually or by a motor, allowing the spring 160 to push the rigid segments

135 and 137 away from one another.

[0044] In another embodiment 200 illustrated in Figures 4A (in the operational

state) and 4B (in the folded state), the support structure 240a (and/or 240b) of wing

220a (and/or 220b} also includes substantially rigid segments, each rigid segment

having a first end connected to the body 110 at different positions along the body

110 and a second end extending away from the body 110 to the distal edge 250a (or

250b) of the membrane 230a (or 230b).

[0045] In another exemplary embodiment 300 illustrated in Figure 5A, the

support structure 340a (and/or 340b) of wing 320a (and/or 320b) also includes

substantially rigid segments, each rigid segment having a first end connected to the

body 110. Unlike the embodiment illustrated in Figures 4A and 4B, the rigid
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elements 136a or 136b (which may also operate as a support structure) biasing the wing(s) to be in
the operational state, and a string 142a or 142b usable to manually or automatically fold the respective
wing. The actuating mechanism 140 may include an electric motor. [0042]In the embodiment
illustrated in Figures 2A and 2B, the support structure 136a (and/or 136b) includes substantially rigid
segments connfﬁgtgfég each other. A first rrigi%segment is connected to the body 110 and the other

e

rigid segiieits f SUPRRTEHUEUSR d U7 ARTev iR G GURpReH P B RMS ondats

alternate back and forth from a leading edge 132a (or 132b) to a trailing edge 134a (or 134b) of the
flexible R@ﬁ%gg@&&d‘ih‘agﬂﬁytémztﬁsiﬁﬁ%’é@éﬁd a&%@fWQQMﬁ&aM&% RS 554 t0 an
actuating force, the first segment may rought first near the body, followed by the second segments
connectgaaéq}ﬁgq‘ipé?@i&‘ﬁ%ﬁ%&ﬂé’%gggg—l‘#n MR St VRR Rty FOIkER @ Bistances
between unconnecégad ends of.the rigid s %]E%mgyé decrease simultaneously until the flexible

me
membrai AR RIS RO By Bl AiAd e Spere St ERVINE f8%YUPPSctuating
force m er sequentially oy simultaneously. The manners of folding and of extending the
active sgﬁg&%ﬁ%?m?g?eﬂwﬁ&@%%{ﬁ téﬁﬁohﬁne‘ﬁ'?ﬁf&st SANASFRIBECENRSIS5h 160 may be
configura%ﬁ%%u? th rigid segments 135 and 137 of a support structure away from one another. The
rigid seé eRts’l é nd 137 are connected to one another by a hinge 139. A string 143 tied to an edge

el R G o R S
e A B el Rl coethe e i i
TN (YRR TR R Sl el gt g
o OIS 0 4 i A Sge 220 2ot L e el 2200 (o

having plural rigid segments 440a, 440b, 440c and 440d. It should be understood

that the number of portions of the active surface and of rigid segments of the

telescopic support is exemplary and not intended to be limiting.

[0047] Each segment (440a, 440b, 440c, 440d) of the telescopic support

element is connected to one of plural portions (430a, 430b, 430¢, 430d) of the active

surface. The plural portions 430a, 430b, 430c¢, 430d of the active surface may be

made of semi-rigid sheets in order to be able to withstand the pressure difference on

opposite sides thereof. The number and shape of the portions of the active surface

of wing 420 are exemplary and are not intended to be limiting.

[0048] in the operational state, the plural segments 440a, 440b, 440c¢, 440d of

the te!eséopic support element and the plural portions 430a, 430b, 430c¢, 430d of the

active surface are arranged in a sequence extending away from the body 110. In the

folded state, plural portions 430a, 430b, 430c¢, 430d of the active surface may slide
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support structure 340a (and/or 340b) of wing 320a (and/or 320b) also includes substantially rigid
segments, each rigid segment having a first end connected to the body 110. Unlike the embodiment
illustrated in Figures 4A and 4B, the rigid segments of the support structures 340a and 340b are
connected to the same frontal position 360 on the body 110, (the second end thereof extending away
from the body 110 to the distal edge 350a or 350b of the membrane 330a or 330b). Figure 5B shows
another YPRHMRAREE: CEIRN SIBHRL A BRAYNHIYE 8 ReE 0 #S 1G 8% FAREs BRI 4883208 more
narrow at their base, i.e., where the wings are connected to the body 110. [0046]In another exemplary
embodirfié A6 RS aRtEANG SIReE BA rstRieh L diigHEP &Bre) and 68 (in the folded state), the
active s:réfa e of the i/ing 420 is co%ed to be folded by retracting at least one portion (e.g., 430b,
430c, 4 ch%lereoft WA AR KPR IRRELARE HBtAtRAES HIRIEstohie aGpPe R WasRNt having

plural rigig segments 440a, 440b, 440c and 440d. |t should be understood that the number of portions
of the a%iféﬁ%gﬁ%%g%%mﬁ R RIS 8rRABE S s i S0BpoRUS - SRAFHARNERIEAdPIntended to
be Iimitin%. [004@Each segment (440a, 440b, 440c, 440d) of the telescopic support element is
connectBd% & ORE B 5@&%@&@ !Yﬁfﬁ{g%%‘gﬁﬁd' %Oﬁﬁ%tﬁé‘%%’tive surface. The plural portions
430a, 4 $ 430c, 430d of the active syrface may. E'e made of semi-rigid sheets in order to be able to
withstajé) ﬁgiressu & G S8R 'B@&ié@ﬁjg ﬁ%‘@r@&.'&%@ﬂ%&ér%@ﬁﬁﬁeﬁgpﬁe portions of
the active e of wing, 420 are exemplary and are not intepged to be limjting. [0048]In the
operatio%@ﬁ%%%’, e Bﬂﬁ%?ﬁ%g&?eﬂ?g'fgﬁeﬁ G &?348@ i the @8&@88& 'Sufport element and
the pIurc%Eé)ortion 430a,.430b, 430c, 430d qof the actiye syrface an egin a sequence extending
away A DG P01 AP PG RS 16 1 BRI AOh B0 R0 OB 08 D PePactve
; :

surace é?%ye%{ae may be rotated around respective axes 625a and 625b, while keel 620c is

free to rotate around axis 625c¢ (being free to rotate, it is likely that the surface 630c¢

will achieve a position in which equal pressures are exerted on its sides).

[0051] Due to the ballast body 635, the keel 620c¢ tends to maintain a

downward orientation and is less likely to get entangled with neighboring streamers

or to have marine growth attached. Additionally, since the keel 620¢ is free to rotate,

it is likely that keel 620c would cause no or a small drag force. Therefore, in one

embodiment, only the wings 620a and 620b are configured to switch between an

operational state in which their respective active surfaces 630a and 630b are

extended away from the body 110 (as shown), and a folded state in which the active

surfaces 630a and 630b are folded close to the body 110. However, in another

embodiment all three wings (620a, 620b and 620c) are foldable.

[0052] The controller 115 and motors 105a and 105b are operable to control

the wings 620a and 620b, respectively, between the operational state and the folded

state. They may be located inside the body 110. One or more sensors 120 may

also be located on or inside the body 110. The sensor 120 may be used to

12



one near the other close to the body, while the segments 440a, 440b, 440c, 440d may slide one inside
the other as illustrated in Figure 6B. [0049]In a different embodiment 500 illustrated in Figure 7, the
active surface of the wing 520 may be made of rigid panels 530a, 530b, 530c, 530d connected to one
another via substantially straight hinges 540a, 540b, 540c. [0050]In another embodiment 600

illustrate |n F| ure 8A, the wjngs 620a and 620b are controlled to achieve a steering force, while the
keel 62 'é‘?e &L%%W‘grfgePH%?/ SIS RIRRRAUNG AR S AP 8Nt R wings 620a and
620b may be rotated around respective axes 625a and 625b, while keel 620c¢ is free to rotate around
axis 625??(5@‘%‘? é‘ét@ ﬁﬂ&qaﬁi‘f'féal||Ne?@ﬁgh@ﬁﬁ‘é'@§ri%&éh@§&%ﬁﬂ%ﬁ%geé"§8§ﬁ&ﬂﬁ%h|ch equal

pressures ar%_f >h n its sides g # OS%)ue to the ballast body 635, the keel 620c tends to maintain
a downWft Bife gﬁomé)Yé'% B &l&RAG1ed with neighboring streamers or to have

marine attac ionally, since the keel 620 is free to rot it is likely that keel 620c
woulld cgﬁ@%}ﬂo ora fﬂqﬁﬁm‘?%f&@%w&é lastie iﬂb%@%@ﬁ@%r%lfﬁg é’\‘ﬂﬁé 3% and 620b
are confj ured to s no tional state in whj ch their re ive active surfaces 630a
et 6o S SR RALE TP Al EBHGLED T SONE A P RALE FPNRIER B acte
surface 2?%%6}6‘2 6 baref ded Iose othe b ??/110 However, in another embpodiment all three
wings (6905 %bSHCarld 8465 Hé%&% T&%é’] & YOGS R PIBISALPRIIGES 059 W% Blo5h are

foded selig" C%%Ew%%‘i?ﬁ@%eﬁia&‘mg SRR R 3 SR BB Ay HL6Pbe located

on or Iﬂ%l%% . W |c %loopp-lg)hs e?ch] ? e]'B%ct?e#’:SSPetgo shows an embodiment in which
the two wings 620a and 620b also move toward the vertical axis Z, but next to the
keel 620c.
10054] In another embodiment illustrated in Figures 8E-G, the wings may
rotate around their axes prior to being folded next to the body of the bird. In this
respect, Figure 8E, which is a frontal view of a bird 700, shows the bird 700 having a
body 710 and two wings 720a and 720b. The wings 720a and 720b are first rotated
around their axes as illustrated in Figure 8F and then the wings are folded along the
body 710 as illustrated in Figure 8G. Thus, in this embodiment, the wings may be
folded next to the body not by modifying their effective surface but rather by
changing the orientation of their axes. This embodiment may be advantageous
when a wing becomes damaged and the bird spins out of control. In order to
minimize the influence of the bird on the streamer or source, the operator can now
fold both the damaged wing and the normally functioning wing. Note that in this

embodiment, the folded wings are not accommodated inside the body 710 of the

bird, but rather they are completely outside the body.
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determine when the cleaning device is approaching the bird and to instruct the controller 115 to
automatically fold the wings so that the cleaning device can pass over the bird, when moving along the
streamer. [0053]In still other embodiments illustrated in Figures 8B-D, the axes of the two wings 620a
and 620b are configured to move relative to the body to achieve a folded state. Figure 8B is a frontal
view of the wings at nominal positions. Figure 8C shows an embodiment having the two wings 620a
and 620i8ftRling towhieHEe Brigca shie PatlithiiAgEAsH PO S & IR SRIBMER SEI Y8y FESBIMshows an
embodiment in which the two wings 620a and 620b also move toward the vertical axis Z, but next to
the keeI%E?[@@@i]‘ﬁﬁéﬁ@ﬂ%%&%‘éﬂ%ﬂ@ iRgpfsanPlagursEEioene WiNgssakyidtate around
their axes prior to being folded next to the body of the bird. In this respect, Figure 8E, which is a frontal
view of &P¥1Ri278RISBHBEWRURE SiRD AR RIVIeY S{re8aieTa susthan 830 naacslaeamer ZaHyine wings
720a and 720b are first rotated around their axes as illustrated in Figure 8F and then the wings are
folded afShgiR¥ BHAGI I 48 M H I RiguidvdeePhRIESh thiScFHISGHMAE @ the wings may be
folded next to the body not by modifying their effective surface but rather by changing the orientation of
their axeB2MRNGA RS BreeRiamined Balzanigbeinstilies disianreeadial araimintthe bird
spins out of control. In order to minimize the influence of the bird on the streamer or source, the
operatoPERINIRIFNEHBIN Y ASHSYLBCRING at HEIREMRIRdRRRIHING irime hestaomt@lin this
embodiment, the folded wings are not accommodated inside the body 710 of the bird, but rather they
are comNEfRIBAEIJBRRIBBME $INEY PRYG Q@ SR ARREFRiv s ARt Rigfilke SEMmic survey
system 900 using at least one bird according to an exemplary embodiment. A vessel 910 tows a
seismic %Bﬁéé’ %@éﬁ@?ﬁﬁ?&? Sreqnielieq aleng 85 edtireamer carrying an array of seismic
receiver %?é (e.g., hydrophones). The streamers are maintained at predetermined horizontal

cross-li nces alPAFRIUSERTRE P ER fRreondigived e nridiestriaricMaYeR R mers do

not have to be horizontal; for example, the streamers may have a parameterized variable depth profile.
The de&W&Pfﬁ@%&rﬂ@%@’%@f AP didn §RRERAERGRNH OSBRI 1R ERatRNA is configured
to generate seismic waves 9f§2a _Sh,at pro a?ate downward toward the seafloor 24 and penetrates the
formatiol S5 ReT ARG A RS YO L AELIRF IRt i R PRERGR) AR RI86 and 27.

The seigmic.source ma includerﬁlural individyal sourges that may be located on a horizontal line,
slanted ffle @i’@ seismic source may include plural individual sources that may be located on

a horizontal line, slanted line, etc.

[0057] | The reflected seismic waves such as 922b and 922¢ propagate upward
and can be detecied by one of the receivers 932 on the streamer 930. Based on the
data collected by the receivers 932, an image of the subsurface formation 25 is
generated.

[0058] To maintain the streamers or sources at a desired position (i.e., such
as to have predetermined cross-line distances and predetermined depths), one or
more birds 940 may be attached to the streamer 930 or to the source 920. At least
one bird 950 has one or more foldable wings as described above. Although relative
to Figure 9, bird 950 is singled out as having one or more foldable wings, it shouid be

understood that some or all the birds 940 may have foldable wings. A cleaning

14



[0057]The reflected seismic waves such as 922b and 922c propagate upward and can be detected by
one of the receivers 932 on the streamer 930. Based on the data collected by the receivers 932, an
image of the subsurface formation 25 is generated. [0058]To maintain the streamers or sources at a
desired position (i.e., such as to have predetermined cross-line distances and predetermined depths),
one or more birds 940 may be attached to the streamer 930 or to the source 920. At least one bird 950

has oned&ViRBROBIHALRING RS he e eheve M Bagh rvekitebirgRe bamirg #o is singled

out as having one aor more foldable wings, it should be understood that some or all the birds 940 may
have folGASENMYLNA RIBLRIAGIRIBIGe 960 traveling along the streamer 930 may pass over the bird
950 havjng at. least one wing in a folded state, [0059]Figure 10 is a flowchart illustrating steps
performBPBYh methbdoHHRd o ddiameaddlistratiog stepsreeriomaadirsagmeihest Eia@@@rding to an
exemplary embaodiment. The method 1000 includes connecting a bird having a foldable wing to the

streamdPhSIRETL A EIGREED 75 3RHISE IRWRSEIYSTAIE 2cRnidipiiR 2518X8RIARY to change

from a fold da?ét%te in \%ich the foldable wing is folded to an operational state in which the foldable
wing is SQ?E’R ent-s199dnehe T e RN RR e RIRG it aa e do i dlswingdr lateral
position of the streamer or the source, at 81030&&0060 The disclosed exemplary embodiments provide

birds thAPHAVEAMELAE BidRUIEENBLRIEE OmfudisS ot MAEeR arlHiEs RGtRIRR MR to limit the
mocifcAHRPEAEG R SHARGFACR BB A SR T b1 P, Qe o FRIBREAR 38 defined by
Specirc CRAALCE S ST B o FEREAS o S S G BRGC IR
g‘r‘gﬂz{éﬂﬁ%%‘f%ﬁfgeﬁﬁ%gﬁ}@&% 2B T e Sfraacmer o e

source, at S1030.

[0060] The disclosed exemplary embodiments provide birds that have foldable
wings. |t should be understood that this description is not intended to limit the
invention. On the contrary, the exemplary embodiments are intended to cover
alternatives, modifications and equivalents, which are included in the spirit and
scope of thé invention as defined by the appended claims. Further, in the detailed
description of the exemplary embodiments, numerous specific details are set forth in
order to provide a comprehensive understanding of the claimed invention. However,
one skilled in the art would understand that various embodiments may be practiced
without such specific details.

[0061] Although the features and elements of the present exemplary
embodiments are described in the embodiments in particular combinations, each
feature or element can be used alone without the other features and elements of the
embodiments or in various combinations with or without other features and elements

disclosed herein.
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[0061]Although the features and elements of the present exemplary embodiments are described in the
embodiments in particular combinations, each feature or element can be used alone without the other
features and elements of the embodiments or in various combinations with or without other features
and elements disclosed herein. [0062]This written description uses examples of the subject matter
disclose@lﬁo pable any person skilled in the art to practice the same, including making and using any
devices Qaegtems and SeMdten AeseiPti HRs s R meleR a6 the eybirchrasiies dissdosedhio subject
matter is defined by the claims, and may include other examples that would be obvious to those skilled
in the artN8Rh A ECEAMTHTIERIR ety RPGHSRiIEAR SRRS chisd ding dnakifssan/ HRIfYIS CLAIMED
IS: 1. A bird for a streamer or a source of a marine seismic survey system, the bird comprising: a

body coﬁﬂ&d?’éﬂ%so%réﬁfﬁmﬁl "fHC?HEe RERIRG ARV iNeYhated methods filhemajertabcted to the

body and having %n acgve surface used.to control depth and/or lateral position of the body,
scope of the subject matter is defined by the claims, and may include other examples

that would be obvious to those skilled in the art. Such other examples are intended to

be within the scope of the claims.
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wherein the first wing is configured to be changed between an operational state in which the active
surface is extended away from the body, and a folded state in which the active surface is folded close
to the body. 2. The bird of claim 1, wherein in the operational state, the active surface has a
first area that may be controlled to generate a steering force as the bird is towed through a fluid, and,
in the foﬁ%ﬁﬁg a:e active surface has a second area smaller than the first area. 3. The bird of
claim 1 , ref Wﬁ%@ving comprises: a support structure; and a flexible membrane
supported by the support structure and forming the active surface. 4. The bird of claim 3, wherein

the support strdcture MAGHLS R BEERMAN G FERATR, MATBERAIP LG SEYegEBhnected to the

body an%the_ rigid segments other than the first segment being each connected to an end of a 17
the bird comprising:

a body configured to be attached to the streamer or the source; and

a first wing connected to the body and having an active surface used to
control depth and/or lateral position of the body,

wherein the first wing is configured to be changed between an operational
state in which the active surface is extended away from the body, and a folded state

in which the active surface is folded close {o the body.

2. The bird of claim 1, wherein

in the operational state, the active surface has a first area that may be
controlled to generate a steering force as the bird is towed through a fluid, and,

in the folded state, the active surface has a second area smalier than the first

area.

3. The bird of claim 1 or 2, wherein the first wing comprises:
a support structure; and

a flexible membrane supported by the support structure and forming the

active surface.

4. The bird of claim 3, wherein the support structure includes
substantially rigid segments, a first rigid segment being connected to the body and

the rigid segments other than the first segment being each connected to an end of a
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previous rigid segment, the rigid segments alternating back and forth from a leading edge to a trailing
edge of the flexible membrane. 5. The bird of claim 3, wherein the support structure includes
substantially rigid segments, each rigid segment having a first end connected to the body and a
second end extending away the from the body to a distal edge of the flexible membrane. 6. The
bird of claim 1 or 2, wherein the first wing comprises; a telescopic support element having plural
segmentES¥QYS SiifReAmEMy heivicsaqm st Aistnaliperhark apchiodbdiera@isdsinge plural
segments and the plural portions being arranged in a sequence extending away from the body in the
operaticti#eiae tralingirdas Phingh e MEMAED%o 6, further comprising: an actuation
mechanism configured to switch the first wing between the operational state and the folded state.

8. The bird of claim 7, wherein the actuation mechanism includes: a motor connected to the first
wing and configured t? prg\/ide force causing the wing to change between the operational state and
the folded stat@- and 1 1¢ JIERSIRIFLEnHEEENS RS IRPRT St clrrdtries ksl i ¥notor in a
predetermijned situation. 9. The bird (jlgaim 8, wherein the controller is connected to one or

more sdig ECAMEHSsEADN IS SRAMFN R 3 BIRtRRO ARBIEARTd dhr HrdyRRdEs the

predetermined sit%ation that includes at%east ne of:

second end extending away the from the body to a distal edge of the flexible
membrane.
6. The bird of claim 1 or 2, wherein the first wing comprises:

a telescopic support element having plural segments, each segment being
connected to one of plural portions of the active surface, the plural segments and the
plural portions being arranged in a sequence extending away from the body in the

operational state.

7. The bird of any one of claims 1 to 6, further comprising:
an actuation mechanism configured to switch the first wing between the

operational state and the folded state.

8. The bird of claim 7, wherein the actuation mechanism includes:

a motor connected fo the first wing and configured to provide a force causing
the wing to change between the operational state and the folded state; and

a controlier connected to the motor and configured to activate the motor in a

predetermined situation.
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a cleaning device approaching the bird, a towing speed decreasing below a predetermined speed
threshold, a distance to a neighboring streamer decreasing below a predetermined distance
threshold, and an ongoing streamer recovery. 10. The bird of any one of claims 1 to 9, comprising:
a second wing connected to the body and a keel connected to the body, the second wing (A) having a
second active surface configured to extend and fold relative to the body, and (B) changing between
the operationaPstate iR Pleciainy fo WoaiRIs thasentrelitsiacenarstoktorrIGAMTA which the
second active surface is folded close to the body. 11. The bird of any one of claims 1 to 10,
wherein$RBSEEvadirbasetheniformatipn sperivashiremdn oo rieR SRre &8N sMier configured to
overlap jn the folded state and to unfold forming a substantially planar surface in the operational state.
12. A midaiitesihn Rigdeipupined sityaiignstngt nstwdsmat lastenrcelconfigured to be towed

through a fluid; and a bird connected to the streamer or the source and having
a cleaning device approaching the bird,

a towing speed decreasing below a predetermined speed threshold,
a distance to a neighboring streamer decreasing below a predetermined
distance threshold, and

an ongoing streamer recovery.

10.  The bird of any one of claims 1 to 9, comprising:

a second wing connected to the body and a keel connected to the body, the
second wing (A) having a second active surface configured to extend and fold
relative to the body, and (B) changing between the operational state in which the
second active surface is extended, and the folded state in which the second active

surface is folded close to the body.

11.  The bird of any one of claims 1 to 10, wherein the active surface
includes plural panels connected by hinges to each other configured to overlap in the
folded state and to unfold forming a substantially planar surface in the operational

state.

12. A marine seismic survey system, comprising:
a streamer or a source configured to be towed through a fluid; and

a bird connected to the streamer or the source and having
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a body configured to be attached to the streamer or the source; and a first wing connected to the
body and having an active surface used to control depth and/or lateral position of the body,

wherein the first wing is configured to be changed between an operational state in which the active
surface is extended away from the body, and a folded state in which the active surface is folded close
to the body. 13. The marine seismjc survey system of claim 12, wherein the first wing comprises:
a support structure; aRP°dY SRAGE Qﬁﬁ%ﬁ?%ﬁ%éﬁ%ﬁﬁ%@%ﬁ&#ﬁ&ﬁ%{tﬁ% forming the

active surface. 14. The marine seismic survey system of claim 13, wherein the support structure

includes substantiallyFigitt Y4GMERRNSEHES AP AR EMY D ARREIMG SRR BB 8P 8thlhe rigid

segments other than the first segment being each connected to an end of a previous rigid segment,
the rigid segméi(?f%?rﬁlgf?’%[{?n@"gZ%rk atﬁﬁ%Pg%Sﬁm %Pg‘fd ¥dge to a trailing edge of the flexible

membrane. 15. The marine seismic syrvey system af claim 13, wherein the support structure
includes substﬁfﬂﬁ.{m%ﬁ %@ér‘ﬁ@ﬂé%‘é @lé%fés{%ﬁﬁ éﬁﬂﬂ@@%&%"\tﬁ@%éﬁf&ﬁ&aﬁ%&“ond end

e e R AT A RIBESS: an o S w057

in which the active surface is folded close to the body.

13.  The marine seismic survey system of claim 12, wherein the first wing
comprises:

a support structure; and

a flexible membrane supported by the support structure and forming the

active surface.

14, The marine seismic survey system of claim 13, wherein the support
structure includes substantially rigid segments, a first rigid segment being connected
to the body and the rigid segments other than the first segment being each
connected to an end of a previous rigid segment, the rigid segments alternating back

and forth from a leading edge to a trailing edge of the flexible membrane.

15.  The marine seismic survey system of claim 13, wherein the support
structure includes substantially rigid segments having a first end connected to the
body and a second end extending away from the body to a distal edge of the flexible

membrane.
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a telescopic support element having plural segments, each segment being connected to one of plural
portions of the active surface, the plural segments and the plural portions being arranged in a
sequence extending away from the body in the operational state. 17. The marine seismic survey
system of any one of claims 12 to 16, further comprising: an actuation mechanism configured to
switch the first wing b$tween the operational state and the folded state, the actuation mechanism

! CEELIRE B6 1B ArSt Yy SHHPEO SiGRER A RbVise IR BR8N the wing to

including: a' fhotor
switch between the operational state and the folded state; and a controller connected to the motor
and comftRPIBREERRAte the motor in a predetermined situation. 18. The marine seismic survey
system of any one, of claims 12 to 17, wherein the controller is connected to one or more sensors, and,

based on inforf A6 GRRE ARRSHAIRENERE Y NG R Wah SEMRIRISH RS thessHasaiRined situation

that includes at least one of: a cleaning device apgrqachin the bird, a towing speed decreasing below
a prede@ﬂﬂﬁgﬁa ﬁ@é)cf‘?n? ?ﬁg portions of the active surftace, the plural segments and the

plural portions being arranged in a sequence extending away frocm the body in the

operational state.

17.  The marine seismic survey system of any one of claims 12 to 186,
further comprising:

an actuation mechanism configured to switch the first wing between the
operational state and the folded state, the actuation mechanism including:

a motor connected to the first wing and configured to provide a force causing
the wing to switch between the operational state and the folded state; and

a controller connected to the motor and configured to activate the motor in a

predetermined situation.

18.  The marine seismic survey system of any one of claims 12 o 17,
wherein the controller is connected to one or more sensors, and, based on
information received from the one on more sensors, identifies the predetermined
situation that includes at least one of:

a cleaning device approaching the bird,

a towing speed decreasing below a predetermined speed threshold,

a distance to a neighboring streamer decreasing below a predetermined

distance threshold, and
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a distance to a neighboring streamer decreasing below a predetermined distance threshold, and an
ongoing streamer recovery. 19. The marine seismic survey system of any one of claims 12 to 18,
wherein the bird has a second wing connected to the body and a keel connected to the body, the
second wing (A) having a second active surface configured to extend and fold relative to the body, and
(B) switching between the operational state in which the second active surface is extended, and the
folded state in AMRRIARDLSLGANSENGELRTYce is folded close to the body. 20. A method for
steering a streamer or a source towed through a fluid, the method comprising: connecting a bird
having a foldable wing to the streamer or the source; actuating the foldable wing to change from a
folded state in which the foldable wing is folded to an operational state in which the foldable wing is

extended; and {ing thBSHIPRTHE SRISTH CEYMEY-RiSIaRt &P By RS PE PRSI LAt &r the source.

wherein the bird has a second wing connected to the body and a keel connected to
the body, the second wing (A) having a second active surface configured to extend
and fold relative to the body, and (B) switching between the operational state in
which the second active surface is extended, and the folded state in which the

second active surface is folded close to the body.

20. A method for steering a streamer or a source towed through a fluid, the
method comprising:

connecting a bird having a foldable wing to the streamer or the source;

actuating the foldable wing to change from a folded state in which the foidable
wing is folded to an operational state in w_h_ich the foldabie wing is extended; and

using the bird to adjust a depth and/or lateral position of the streamer or the

source.
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