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Abstract—In order to control the rotation of hydrofoils of 
“bird”, further to control the position and orientation of 
marine seismic streamers, a design solution for drive and 
control system is provided in this paper. Worm Gear Drive 
mechanism is used as transmission mechanism, some sensors 
and intelligent meters are chosen to implement the data 
collection and communications. By using the configuration 
software of Kingview to realize the real-time monitoring. A test 
is carried out to testify the solution, the results of the test shows 
that the solution can meet the require of control for bird. But 
also some deficiencies need to be improved. 
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I.  INTRODUCTION 

Seas and oceans contain rich oil and gas resources. The 
development and utilization of the Sea resources, especially 
oil and gas resources, has been evoked more and more great 
concern as the problem of energy becoming increasingly 
prominent. In order to development offshore oil and gas 
resources, undersea geological structure must be detected 
first. The current widespread method is the marine seismic 
exploration. As an important means for exploration of oil and 
gas resources, the marine seismic exploration can infer 
underground strata properties and forms through observation 
and analysis of the artificial-stimulate seismic response, 
because the elasticity and density of underground medium 
are different. Fig.1 shows the marine seismic exploration 
system.[1]  

 
Figure 1.  Marine seismic exploration 

In order to improve the efficiency and precision of 
marine seismic exploration, further to meet the repeatability 
need of four-dimensional seismic exploration data, more 
cables and smaller space between adjacent cables are 
required. At the same time, when marine seismic system 
works underwater, as the influence of own negative 

buoyancy, ocean currents, towing geometric shape 
differences, the streamers will deviate from its intended 
depth and heading , that will reduce the measure precision of 
the system. In multiple systems, it can also cause system 
components to snarl and damage. Therefore, a set of active 
control device for posture and formations of streamers is 
needed to improve the accuracy of the exploration system.[2] 

The “embedded-bird”[3][4] is a new type of 
manipulation positioning device for marine seismic 
exploration system. Comparison with suspended “bird”, it 
connects with cables by embedding the cables. So it has the 
advantages of less resistance, smaller noise and horizontal 
spacing control ability.  

 
Figure 2.  An embedded- bird  

Fig.2[5] shows an “embedded-bird” produced by 
WesternGeco company. For this type of “bird”, position 
controller collects the data and calculates the position of 
cables according to the space between underwater geophones. 
Navigation system calculates the actual position of cables 
with these data. Adjust controller controls each “bird” based 
on these data, and adjusts the cables to aim position. The 
calculation of horizontal position is based on all cables 
acoustic distance measure system, and the calculation 
precision can reach within the scope of 3 meters.  

    Fig.3 shows a design solution for the “embedded-
bird”[6]. In the intern circuit of “embedded-bird”, the data 
acquisition module is mainly responsible for collecting data 
from depth sensor and the temperature sensor, digital 
compass makes a measurement on heading data and position 
data, communication module is responsible for 
communication, hydrofoil-drive control module is 
responsible for driving hydrofoils rotating, so as to control 
the “bird” and streamers. A design solution is provided in 
this paper. 
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Figure 3.  Controlling principle diagram 

II. DESIGN OF DRIVE AND CONTROL MODULE  

Hydrofoil-drive and control module is mainly responsible 
for driving the rotation of hydrofoils. The design work 
mainly includes three parts: design of driven mechanisms, 
choice of hardware and design of control modules.  

A. CHOICE OF HARDWARE  
For particular applications of “embedded-bird”, a servo 

motor with small size, large power and light quality is 
required, and the motor can accurately control its position 
and speed. After comparing with various brands of servo 
motor, the type of servo motor EPOS24/1 produced by 
Maxon company is meet the need and chosen to the drive 
motor. 

As shown in Fig.4, the whole device has the advantages 
of small size and compact structure, it can meet all required 
applications of sorts of stroke and speed through the 
cooperation of motor, gear box and screw parameters. 

 
Figure 4.  Servo motor of Maxon 

B. servo motor controller  
Servo motor need a special driving controller to drive and 

control its motion, EPOS24/1 is a position controller with 
small size and digital intelligent motion controller, shown as 
Fig.5. 

 
Figure 5.  EPOS24/1 

Its basic characteristics includes: position, velocity and 
current control mode; pulse, direction, host encoder digital 
position; feed forward control of speed and acceleration ; 
feedback signal of encoder and digital hall sensors (brushless 
motors), or encoder (brushless motor); single power supply; 
general I/O ports and analog input port.                               

C. design of driven mechanisms  
A set of driven mechanism must be designed between 

motor and hydrofoil, which is used to turn the motor rotation 
movement into the rotation motion of the hydrofoil.  

In this solution, a worm gear drive mechanism is used as 
transmission mechanism. As shown in Fig.6, it can turn 
motor rotation movement into the movement of hydrofoils 
well. At last, the internal arrangement plan of the driven 
mechanism of the hydrofoil can be shown as Fig.7. 

 
Figure 6.  Gear transmission diagram  
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Figure 7.  Arrangement plan diagram 

D. main control module  
Main control module is responsible for the data 

acquisition, data processing and communication 
management. Upper computer passes instructions to control 
the rotation of motors, different frequency correspondence 
with different speed, and the motor rotation direction should 
be controlled. For a good real-time control and convenience, 
the intelligent meter of ADAM -6024 is chosen as I/O 
module and the software of configuration software of 
KingView are used to monitoring program. 

 
Figure 8.  Control principle diagram 

As shown in Fig.8, when it works, Upper computer with 
KingView sends pulse signals to I/O modules ADAM-6024, 
output ports of signal can be used to control the rotation of 
two motors respectively, and the other two analog signal 
ports are used to control the rotation direction respectively. 
The rotation speed of motors can be controlled by changing 
the frequency of the pulse signal produced by upper 
computer,              

while the rotation direction can be controlled by 
changing the value of analog output ports. Then the system 
control objective can be completed.                             

III. TEST AND CONCLUSIONS  

 
Figure 9.  Diagram of the test system 

As shown Fig.9, a test has been carried out in the end to 
testify the solution. when debugging, different target values 
of hydrofoil angle within the scope of -12°—12° are set in 
the upper computer， then the pulse signals are sent to 
ADAM-6024 which controls the motors rotating to target 
angle precisely. On working condition, a target depth is set, 
the upper computer controls the motors rotating and 
changing the attack angle of the hydrofoils of “bird”, thus 
changing the lift provided by hydrofoils to drive “bird” 
movement. With depth sensor, the actual depth can get. 
Upper computer control the pulse signal, which controls the 
rotation speed and angle, according to the deviation between 
actual depth and target depth. When the “bird” reaches to the 
target depth, upper computer stops sending pulse signal and 
completes the control process. Usually PID control algorithm 
is used in this process. 

From the results of the test, the conclusion can be 
described as following:  

1) The solution provided by the paper is applicable. It 
meets the requirement of the system.  

2) The worm gear drive mechanism is a good design and 
application. It has the advantage of self-locking function. 

3) By using the the intelligent meter and Configuration 
Software make the control more simplified and convenient.  

But a deficiency has been occurred during the test that 
the frequency of pulse generated by upper computer is 
different with different version of KingView, and usually 
hard to generate frequency high enough. It will have some 
influence on control of the motor. So some improvement 
should be proposed to solve this problem. In fact, by using 
the high-speed microcontroller as the main module can solve 
this problem because it can generate high-frequency pulses. 
The work of developing microcontroller is ongoing. 

 
 
 

The 2nd International Conference on Computer Application and System Modeling (2012)

Published by Atlantis Press, Paris, France. 
© the authors

 
 

0671



ACKNOWLEDGMENT  

This paper Supported by National Natural Science 
Foundation of China（51079083） and young teacher found 
of State Key Laboratory of Ocean Engineering. 

REFERENCES 
[1] Duan Lei，Zhang Weijing，Liu Tao. Marine seismic streamers 

positioning technology based on Acoustic positioning. Jiangsu 
university of science and technology journal .2010.04  

[2] Zhang Xiaoqing, Zhang Weijing, Chen Jun. Experimental Study On 
Hydrodynamic Characteristics Of Hydrofoil Of The Birds Embedded 
In Marine Seismic Streamers. OMAE 2010.6  

[3] Andre W.Oliver, Robert E.Rouguette, Brien G.Rau .control device for 
an underwater cable [P].US 6525992 B1, Feb.25, 2003  

[4] Andre W.Olivier, Bryant G.Ragan, James T.Cronvich. depth control 
device for an underwater cable [P].US 6016286, Jan.18, 2000  

[5] Wang Fei. Simulation and control research of marine towed seismic 
system [D].Shanghai：Jiaotong university of Shanghai，2006  

[6] Yang Guikang. Design and development of embedded controlling 
system for the seismic streamer[D] .Shanghai: Jiaotong university of 
Shanghai，2009 

 

 
 
 

The 2nd International Conference on Computer Application and System Modeling (2012)

Published by Atlantis Press, Paris, France. 
© the authors

 
 

0672



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.7
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create PDFs that match the "Required"  settings for PDF Specification 4.01)
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [595.162 841.890]
>> setpagedevice




