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Introduction  

This document discusses the settings made in the SES Convert software to convert *.raw and *.ses3 

files (SBP Innomar format) to seg-y format. More specifically, it discusses settings related to the position 

of the SBP transmitter in the vertical Z axis. The following issues are covered in the document: 

-- methods for calculating the SBP transmitter position in the Z-axis; 

-- information related to Z-axis elevations that is contained in seg-y files; 

-- settings in the SES Convert software related to Z-axis elevations. 

The document also discusses the SES Convert operation features when converting files: 

-- the ñApply scale factor of 100 to SEG-Y trace header value DELRTò checkbox effect on conversion 

results (the checkbox was added in SES Convert version 2.3.3.7); 

-- a difference between the *.raw and *.ses3 files conversion results under the same conversion settings in 

SES Convert; 

-- a possibility of exporting SIS navigation messages to a text file using the SES Convert program; 

-- an application of the seismic transmitter Z elevation correction to seg-y files outside the SES Convert 

using MatLab / Octave script; 

-- an appearance of artifacts and seismic section level shifts in the converted seg-y file depending on the 

ñApply range correctionò and ñApply scale factor of 100 to SEG-Y trace header value DELRTò 

checkboxes status. 
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1. Methods for estimating the SBP transmitter vertical axis coordinates 

Methods for estimating the position of a particular instrument placed on a vessel relative to the 

vertical axis have evolved with the state of the art. Generally, there are three steps that can be distinguished: 

-- relative estimates (tidal control), when the first step was to determine the ñsea levelò and the second one 

to determine the position of the instrument relative to the sea level (related to the depth of the instrument 

mounting point, the roll and vertical roll of the vessel); 

-- transient estimates (DGPS mode), when satellite navigation systems allowed the GPS antenna Z-

coordinate to be determined ñrelative to the ellipsoid surfaceò, however, the determination accuracy was 

relatively low; 

-- absolute estimates (RTK mode), when satellite navigation systems and ionospheric correction technology 

allowed the GPS antenna Z-coordinate to be determined with a sufficient accuracy for direct 

recalculations when determining the instrument Z-coordinate. 

1.1 Relative estimates (operation with tides) 

Classical calculations did not allow the absolute position of the instrument placed on the vessel to 

be determined along the vertical axis. The ñcurrent sea levelò or, more specifically, the ñheight of sea level 

relative to the accepted zero markò was used as an intermediate level of reference. 

Sea level slowly changes in accordance with tides, so this value is not referred to as a ñchange in 

sea level height relative to the accepted zero markò, but ñtidesò. This terminology substitution is generally 

true for the open ocean; however, sea level near-shore is affected by many additional factors such as wind-

driven and surge waves, effects associated with river runoff (e.g., standing waves at river confluences) and 

other ñnear-shore effectsò. So, the term ñtidesò used below should be understood in a broad sense as ñthe 

change in sea level height in the area of operations performed by the vessel relative to the accepted zero 

markò. 

Tidal measurement can be performed by two methods, where measuring devices are positioned 

outside the vessel on a ñfixed baseò: 

1)  Using measurements from the gauging stations installed on the shore. In this case, conditionally, a rail 

by which the water level value is taken is installed on the pier. If the rail zero is tied to the notional sea 

level zero and it is assumed that the pier is fixed, the value taken from the rail will correspond to the 

ñcurrent sea level relative to the zero markò. When the area of operations performed by the vessel is 

moved away from the gauging stations, the difference between ñsea level for the vesselò and ñsea level 

for the gauging stationò will increase because, as noted above, sea level near the shore is affected by 

local near-shore factors. The use of gauging station data ñprovides good resultsò when a near-shore 

survey is performed at a short distance from such stations. 

2) Using measurements from the bottom tide gauges installed in the survey area. A bottom-mounted tide 

gauge records the pressure sensors readings, from which the water column thickness can be calculated. 

For more accurate calculations, when converting pressure sensor readings into depth, the results of 

submerged SVP and CTD measurements performed from the shipboard (these measurements give an 
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idea of the water column properties change in depth) and atmospheric pressure measurements are used. 

Binding of the sea surface to a zero mark, when measuring with tide gauges, is a separate problem with 

several ways of solution. 

In fact, for both methods, the sea level is recorded relative to a fixed point on the Earth's surface, which is 

tied in some way to the notional ñzero mark of sea levelò. 

Having obtained the values of ñtidesò (sea level), which vary over ñlong periods of timeò, we need 

to take into account the short-period fluctuations (movements) of the instrument position point onboard, for 

this purpose: 

1) using the averaged readings of the draft-sensor (Draft) we can find out the height of the vessel's 

metacenter above the water surface; 

2) using MRU (Heave) data we can find out the height of short-period vertical movements of the vessel's 

metacenter due to wave action; 

3) using MRU data (Pitch-Roll-Heading) and Lever (Lever) we can find out the vertical displacement of 

the instrument relative to the vessel's metacenter due to the vessel's rolling. 

As a result of such calculations the instrument Z-coordinate will be calculated as a sum of long-

period and short-period components of vertical displacements: 

Z = Z_long(Tide) + Z_short(Pitch, Roll, Heading, Heave, Lever, Draft). 

1.2 Transient estimates (DGPS mode) 

With the advent of satellite navigation, it became possible to determine the GPS antenna vertical 

coordinate relative to satellites in geostationary orbit. That is, to use satellites as a ñfixed baseò instead of 

the Earth's surface (which was used in relative estimates). However, the vertical position of the GPS antenna 

(GPS_H) was determined with a large error and 1 time per second, which did not allow to ñdirectlyò use its 

coordinates. The long-period trend of GPS-antenna height was used as an intermediate reference level, 

which was interpreted as ñtidal heightò. The following assumptions were made: 

1) the GPS antenna height error follows a normal distribution, so averaging reduces the height error 

(standard deviation) inversely proportional to the root of the number of measurements in the sliding 

window during averaging; 

2) the width of the sliding window is sufficient to average the GPS-antenna oscillations caused by the 

vesselôs rolling with approximation to zero. 

The GPS-antenna height error, given by the first condition, depends mainly on the ionosphere state 

and is corrected by ñionospheric correctionsò, which cannot be described as a ñnormally distributed random 

variableò on a short time interval. Therefore, there is a ñcompromiseò for the width of the averaging window 

when calculating - during the time in the window ñtides should not change muchò, however, the window 

should be wide enough so that ñGPS antenna height fluctuations caused by ionospheric errorò are averaged, 

and the height value is close to the true value. 

As a result, the instrument Z-coordinate will be calculated as the sum of the long-period and short-

period components of the vertical movements: 
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Z = Z_long(GPS_H) + Z_short(Pitch, Roll, Heading, Heave, Lever, Draft). 

The use of GPS-antenna height allowed, for example, the measurements to be referenced to the Z-

axis when the vessel moves in the open sea along the profile with the length of hundreds of kilometers, 

when it is impossible to install bottom tide gauges or use data from onshore gauging stations. 

1.3 Absolute estimates (RTK and PPP mode) 

With the development of satellite navigation, it became possible to determine ionospheric 

corrections and transmit them to the vessel. At first, such measurements were performed near the shore 

(RTK, local base stations), and later in the open sea (PPP, a special network of ñglobalò base stations). 

When receiving ionospheric corrections, the GPS antenna Z-coordinate can be determined with relatively 

high accuracy (5-20 cm for PPP and 1.5 cm + 0.1 cm*distance from the base station for RTK) and the GPS 

data logging frequency can be 10 Hz. This is sufficient to use the GPS-antenna height ñdirectlyò to estimate 

the instrument Z-coordinate, i.e., without dividing the vertical movements into long-period and short-period 

components (without determining the ñintermediate reference levelò or tides). 

There are two possible methods of calculating the instrument Z-coordinate, depending on the 

equipment composition and configuration: 

1) òClassic RTK calculationsò, using Pitch-Roll-Heading values measured by MRU (Heave value and 

vessel draft are not taken into account). In this case, the error in determining the instrument Z-coordinate 

will be close to the error in determining the GPS antenna Z-coordinate and will be calculated as: 

Z = Z(GPS_H, Pitch, Roll, Heading, Lever). 

2) Calculations that are performed by ñinternal MRU algorithmsò, which additionally use Heave and 

acceleration values. In this case, the error of determining the instrument Z-coordinate will be smaller; 

however, with today's state of the art, there are still possible ñunexpected effectsò leading to the large 

Z-coordinate ñdeviationsò from the true value and associated with the operation of the MRU algorithms. 

The instrument Z-coordinate will be calculated as: 

Z = Z(GPS_H, Pitch, Roll, Heading, Heave, Lever, Draft, Accelerations). 
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2. Seismic receivers and sources position along the Z-axis in seg-y 

In the seg-y file the vertical axis position for the transmitter/receiver of the seismic signal (in our 

case, the SBP transmitter) is recorded in several ways. Accordingly, ñshiftingò of the SBP transmitter's Z-

coordinate in the vertical axis to bring it to the ñaccepted zero markò can be accomplished in several ways: 

1) Shifting by adding ñempty measurementsò to the beginning of the seismic traces (when empty 

measurements are added, the seismic traces are shifted along the vertical axis in time; Figure 2.1). The 

shift value is calculated as the added empty measurements number multiplied by the time of one 

measurement. Since the time of one measurement is small, adding empty measurements shifts the 

seismic traces on ñsmall valuesò; 

2) Changing the ñrecording start delayò, which is written in milliseconds in the header for each seismic 

trace (header ñDelay Recording Timeò, bytes 109-110; according to the seg-y specification, this offset 

should be set in milliseconds, but sometimes it is agreed to use hundredths of milliseconds). In this case, 

to shift the seismic traces along the vertical axis in time the part of the offset multiple of milliseconds 

can be recorded in ñDelay Recording Timeò, and the part less than a millisecond can be recorded in 

seismic trace shift; 

3) Changing one of the ñvertical axis position in metersò values recorded in the header for each seismic 

trace. Byte numbers and names of seg-y headers responsible for ñvertical axis position in metersò are 

given in Table 2.1. 

 

Table 2.1 Seismic traces headers in the seg-y file containing ñvertical axis positionò 

Bytes Description 

41-44 Receiver group elevation (all elevations above the Vertical datum are positive and below are 

negative) 

45-48 Surface elevation at source. 

49-52 Source depth below surface (a positive number). 

53-56 Datum elevation at receiver group. 

57-60 Datum elevation at source. 

61-64 Water depth at source. 

65-68 Water depth at group. 

69-70 Scalar to be applied to all elevations and depths specified in Trace Header bytes 41-68 to 

give the real value. Scalar = 1, +10, +100, +1000, or +10,000. If positive, scalar is used as a 

multiplier; if negative, scalar is used as a divisor. The scalar in Trace Header bytes 69-70 

applies to values from bytes 41-68. The units are feet or meters as specified in Binary File 

Header bytes 3255-3256. The Vertical Datum should be defined through a Location Data 

stanza (see section D-1, SEG-Y rev.1 specification). 

109-110 Delay Recording Time, ms ï Time in milliseconds between initiation time of energy source 

and the time when recording of data samples begins. In SEG Y rev 0 this entry was intended 

for deep-water work if data recording does not start at zero time. The entry can be negative 

to accommodate negative start times (i.e. data recorded before time zero, presumably as a 

result of static application to the data trace). If a non-zero value (negative or positive) is 

recorded in this entry, a comment to that effect should appear in the Textual File Header. 
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Given the available methods, it is reasonable to record ñshifts in distance unitsò in the header fields 

of the seismic data shown in Table 2.1, and ñshifts in time unitsò in the ñDelay Recording Timeò field and 

by adding empty measurements to the beginning of the seismic data. However, not all seismic data 

processing and interpretation software allow to ñworkò with the values of the headers given in Table 2.1. 

Therefore, converters provide the possibility to enter ñshift-distanceò into ñshift-timeò (i.e., ñDelay 

Recording Timeò and ñshift seismic survey by adding empty measurementsò). To convert values given in 

units of length to units of time, the sound velocity in water will be required (and it is necessary to use the 

sound velocity exactly for the depth interval for which the distance-to-time conversion is being made). 

 

Drawing seismic section in SeiSee software 

The paper presents figures with the seismic sections obtained using the SeiSee program. 

When drawing a seismic section (seismic traces) in the SeiSee software, the latter are drawn 

ignoring the shifts specified in the seismic trace headers. This means that there is no seismic traces ñshiftò 

in the seismic section image, so the time offset from the ñDelay Recording Timeò field and the distance 

shifts from bytes 41-68 (Table 2.1) are not displayed. The seismic section fragment drawn in SeiSee is 

shown below in Figure 2.1. The section upper part shows the ñempty measurementsò added to the 

beginning of the seismic traces. 

Seismic sections with the ñDelay Recording Timeò value changed during their registration are 

shown in Figure 4.1 and Figure 4.2. In the mentioned figures, the moments of ñDelay Recording Timeò 

change in the seg-y headers correspond to the ñstepsò in the seismic section shown in the SeiSee window 

due to the seismic trace registration start time change (this time is not displayed in the SeiSee window, and 

the seismic trace always starts at 0 seconds). 

 

 

Figure 2.1 Example of the seismic section displayed in SeiSee 
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3. RAW format, operation with SES Convert  

Attention!  There are files of *.raw, *.ses3 and ses formats mentioned in the current section, 

however, the described conversion results refer only to *.raw format. They will be different for ses3 format 

(see ñSES3 format, operation with SES Convertñ for the results description). 

There are three file formats into which seismic data are recorded by the Innomar SBP: *.raw and 

*.ses3 (data containing the ñfull formò of seismic oscillations) as well as ses (data containing the ñenvelopeò 

- the result of seismic oscillations convolution). The SES Convert software is used to convert *.raw, *.ses3 

and *.ses files to seg-y. It can change the fields in the seismic headers corresponding to the vertical position 

of the SBP transmitter, which are contained in bytes 53ï56, 57ï60 and 109ï110 (Table 2.1). 

SES Convert windows are shown in Figure 3.1 ï Figure 3.4. 

The *.raw and *.ses3 files contain eight navigation messages, which are labelled as SIS in Figure 

3.1; these messages are exported to seg-y headers or used to ñmodifyò the seismic section. Also, there are 

MRU data (usually received by SBP Innomar from the TSS1 message) within the *.raw and *.ses3 files 

(outside the navigation messages). SIS and MRU data can be exported to text files using the options shown 

in Figure 3.4. In addition, some of the hardware settings contained in the *.raw and ses3 files are exported 

to the seg-y text header (Figure 3.5). 

 

 

Figure 3.1 SES Convert, screen 1 

 

Consider the settings below regarding the position of the Innomar transmitter along vertical axis. 

There are three settings for working with the SBP transmitter's Z-coordinate: 

-- òSIS-ID with Z value in source file(s)ò field, that specifies which navigation message contains the Z 

value. The navigation can send either the ñtide heightò or the SBP transmitter Z-coordinate in an 

ñabsolute coordinate systemò in a message with a Z value. The Z value is always written in bytes 53-56 

and 57-60 of the seismic headers in the seg-y file; 
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-- òApply heave correctionò checkbox; when it is checked, the Heave values passed in the MRU data 

(usually TSS1 message) are applied to the seismic traces; 

-- Two checkboxes ñApply tide correction with Z value [m] from SIS dataò and ñApply flying depth 

correction with Z value [m] from SIS dataò. These checkboxes cannot be enabled at the same time. They 

implement two different ways in which the Z value from ñSIS-ID with Z value in source file(s)ò 

(specified in distance units) is ñinsertedò into the time in the seg-y file. 

3.1 ñSIS-ID with Z value in source file(s)ò field 

Figure 3.2 shows the ñSIS-ID with Z value in source file(s)ò field. Both navigation messages 

containing ñtideò values and the SBP transmitter Z-coordinate relative to the notional zero (calculated 

ñdirectly using the GPS antenna Z-coordinateò) can be recorded to this field. The values are exported by 

SES Convert in seg-y file seismic headers: ñDatum elevation at receiver groupò (bytes 53-56) and ñDatum 

elevation at sourceò (bytes 57-60). The Z values are exported in centimeters (even though bytes 69-70 will 

contain a value of 1 and the seg-y binary header will contain the dimension in ñmetersò). 

 

Figure 3.2 SES Convert, screen 2 
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Figure 3.3 SES Convert, screen 3 

 

Figure 3.4 SES Convert, screen 4 
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3.2 ñApply heave correctionò checkbox 

Figure 3.3 shows the ñApply heave correctionò checkbox. When it is checked, the Heave values 

transmitted to the SBP hardware using the MRU data (most often the TSS1 messages format is used) are 

added to the seismic section. Note that the Heave value must be transmitted exactly for the SBP transmitter 

installation point onboard. Heave values are applied by SES Convert as a ñseismic traces shiftò by adding 

empty measurements to them. The conversion of distance (Heave values) to units of time uses the sound 

velocity entered in the settings of the software logging *.ses3 and *.raw files. This sound velocity value is 

exported by SES Convert to the seg-y text header (Figure 3.5, Sound Velocity). Due to the relatively small 

movements contained in Heave, the sound velocity error will give a relatively small ñZ-axisò error after 

conversion to time units. 

If the Z value (field ñSIS-ID with Z value in source file(s)ò) contains ñHeaveò values, then the 

ñApply heave correctionò checkbox should be checked in order to apply Heave. 

If ñ the SBP transmitter absolute Z-coordinatesò are written in the Z value (field ñSIS-ID with Z 

value in source file(s)ò), it is very likely that the tides will be applied twice either during conversion or 

during loading into the seismic interpretation software when the ñApply heave correctionò checkbox is 

checked . The double application of tides is caused by the fact that their values are already contained in the 

Z values. 

 

 

Figure 3.5 Example of a seg-y text header generated by SES Convert 
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3.3 ñApply flying depth correction with Z value [m] from SIS dataò checkbox 

When the checkbox ñApply flying depth correction with Z value [m] from SIS dataò is checked, Z 

values are recalculated in time units using the sound velocity entered in the settings of the software logging 

*.ses3 and *.raw files (Figure 3.5, Sound Velocity). The resulting values are entered into the *.ses3 as 

ñshift-in-timeò by adding ñempty measurementsò. In this case, ñmeasurements addingò corresponds to 

negative Z values. 

Figure 3.6 shows three conversion results for the same seismic section, for which ñabsolute Z-

coordinate valuesò are recorded in the ñSIS-ID with Z value in source file(s)ò field: 

(a) with the ñApply heave correctionò checkbox cleared and the ñApply flying depth correction with Z 

value [m] from SIS dataò checkbox cleared, i.e., without any shift of the seismic traces; 

(b) with the checkbox ñApply heave correctionò checked and the checkbox ñApply flying depth correction 

with Z value [m] from SIS dataò cleared, with the seismic traces shifted by the Heave value obtained 

from the MRU messages and converted to time units; 

(c) with the ñApply heave correctionò checkbox cleared and the ñApply flying depth correction with Z 

value [m] from SIS dataò checkbox checked, the seismic traces are shifted by the Z value, which already 

contains the Heave values. 

The seismic bottom in Figure 3.6-ʩ is shifted by 5 milliseconds (about 3.5 meters) relative to the 

seismic bottom in Figure 3.6-b because the Z value was set in ñabsolute coordinatesò (Heave values, SBP 

head depth below sea level, and ñtideò values are included in Z). If we recalculate Figure 3.6-ʩ, with the 

ñApply heave correctionò checkbox checked, we will get a double Heave compensation, where Heave will 

appear on the seismic section in the bottom topography with the opposite sign (like on Figure 3.7-b). 
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a) 

 

b) 

 

c) 

 

Figure 3.6 Seismic section: (a) without seismic traces shift, (b) Heave applied from MRU, (c) GPS 

antenna Z-coordinate applied 
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3.4 ñApply tide correction with Z value [m] from SIS dataò checkbox 

To understand the operations performed by SES Convert when the checkbox ñApply flying depth 

correction with Z value [m] from SIS dataò is checked, let us perform the conversion with different settings 

for a seismic section with ñabsolute Z-coordinate valuesò written in the ñSIS-ID with Z value in source 

file(s)ò field. The conversion results are shown in Figure 3.7: 

(a) with the checkbox ñApply tide correction with Z value [m] from SIS dataò cleared; 

(b) with the checkbox ñApply tide correction with Z value [m] from SIS dataò checked. 

 

a) 

 

b) 

 

Figure 3.7 Seismic section for which the checkbox ñApply tide correction with Z value [m] from SIS 

dataò is (a) cleared, (b) checked 

 

The seismic bottom in Figure 3.7-b is twice more affected by Heave than the seismic bottom in  

Figure 3.7-a, while there is no shift in the vertical axis on the section (the ñDelay Recording Timeò values 

in the seismic headers do not change as well). Based on these patterns, it can be assumed that when the 

checkbox ñApply tide correction with Z value [m] from SIS dataò is checked, SES Convert version 2.3.3.1 

performs the following calculations: 
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1) Calculates the arithmetic mean for Z and subtracts it from the Z values, that can be written as Zn=Z-

mean(Z); 

2) Converts the values of Zn into units of time using the sound velocity; 

3) Applies Zn into the seismic traces by adding ñempty measurementsò. In this case, ñmeasurements 

addingò corresponds to positive Z values. 

Thus, when using the checkbox ñApply tide correction with Z value [m] from SIS dataò: 

-- a constant component is ñlostò from the Z values by which seismic traces are shifted; 

-- the shift of seismic traces is performed ñwith the opposite signò in relation to the shift with the checked 

ñApply flying depth correction with Z value [m] from SIS dataò checkbox. 

3.5 ñApply range correctionò, ñExtended depth data rangeò checkboxes and changes for 

seg-y in the ñDelay Recording Timeò field 

SES Convert version 2.3.3.1 does not change the values in the ñDelay Recording Timeò headers 

(bytes 109-110 for seismic traces in the seg-y file) when the ñApply tide correction with Z value [m] from 

SIS dataò or ñApply flying depth correction with Z value [m] from SIS dataò checkboxes are checked. 

The values in the ñDelay Recording Timeò headers of seismic traces are changed by two additional 

checkboxes shown in  Figure 3.3: 

-- The ñApply range correctionò checkbox exports seg-y files so that the ñDelay Recording Timeò value is 

set uniform for all seismic traces in the file; 

-- The ñExtended depth data rangeò checkbox adjusts the ñDelay Recording Timeò so that the seismic traces 

are in the specified depth range, using the sound velocity entered in the software settings when surveying 

the seismic profile. Using this checkbox, you can set a common depth range for all seismic profiles at 

the site (in this case, the lower boundary of time for seismic traces will be calculated using the sound 

velocity in water). 

3.6 ñApply scale factor of 100 to SEG-Y trace header value DELRTò checkbox 

The SES Convert version 2.3.3.1 (or perhaps an earlier version) has an additional ñApply scale 

factor of 100 to SEG-Y trace header value DELRTò checkbox appeared on the 3rd screen (Figure 3.3) and 

shown in Figure 3.8. When this checkbox is checked together with the ñApply tide correction with Z value 

[m] from SIS dataò checkbox, two differences appear between the converted seismic files and the files 

converted without the additional checkbox: 

-- The ñrecording start delayò value is written to the ñDelay Recording Timeò headers in hundredths of a 

millisecond. 

-- An additional shift along the vertical axis is added to the seismic section. 

If  the Z value is set using absolute reference (see ññSIS-ID with Z value in source file(s)ò fieldñ), 

then if the ñApply flying depth correction with Z value [m] from SIS dataò and ñApply scale factor of 100 

to SEG-Y trace header value DELRTò checkboxes are checked simultaneously, the seismic bottom appears 

closer to its position in absolute marks Figure 5.2-f. In other words, one can say that if these two 
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checkboxes are checked simultaneously, a ñpartial arithmetic mean subtractionò from the Z values 

considered as ñtidesò is performed (i.e., the constant component is ñsubtractedò, but not completely). 

 

 

Figure 3.8 ñApply scale factor of 100 to SEG-Y trace header value DELRTò checkbox 

3.7 SES Convert settings for *.raw files if the SBP transmitter Z -coordinate is specified 

using absolute estimates 

If the SBP transmitter Z coordinates are calculated using the GPS antenna (absolute estimates 

obtained relative to zero elevation mark using PPP correction for GPS). Thus, the SBP transmitter Z 

coordinate already contains: ñtidalò, Heave and ñSBP transmitter depthò corrections. 

When using SES Convert version 2.3.3.1 to convert *.raw files to seg-y (but not *.ses3 files!), the 

checkboxes must be checked as shown in Figure 3.9. For this checkbox position, Z values will be entered 

into the seismic traces by adding ñempty measurementsò to the beginning of the seismic traces. At the same 

time, the length units will be converted to time units at the rate of 1488 m/s set in the seismic data acquisition 

software (Figure 3.5). 

The necessity of checking the ñApply range correctionò checkbox is described in the ñArtifacts 

in the seismic section for the moments of the Delay Recording Time values change (ñApply range 

correctionò checkbox)ñ section. 

When loading seg-y files into the seismic data processing/interpretation software, it is necessary 

NOT to use Z values from the ñDatum elevation at receiver groupò (bytes 53-56) and ñDatum elevation at 

sourceò (bytes 57-60) seg-y seismic data headers, since these values are already contained in the seismic 

trace shift by adding ñempty measurementsò. 
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Figure 3.9 The checkboxes for calculating the SBP transmitter Z coordinates from GPS antenna Z 

coordinate 
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4. SES3 format, operation with SES Convert 

Attention ! When working with *.ses3 format, the conversion results will be different from *.raw 

format if the same checkboxes are checked. To compare *.ses3 and *.raw formats conversion we used 

converters of versions 2.3.3.1 and 2.3.4.0. 

4.1 ñApply flying depth correction with Z value [m] from SIS dataò checkbox 

The following checkboxes combination was used to convert *.raw files recorded when calculating 

the SBP transmitter Z coordinates using the GPS antenna Z coordinate (absolute estimates): 

ñApply heave correctionò ï Off, 

ñApply tide correction with Z value [m] from SIS dataò ï Off, 

ñApply flying depth correction with Z value [m] from SIS dataò ï On, 

ñApply range correctionò ï Off, 

ñApply scale factor of 100 to SEG-Y trace header value DELRTò ï Off. 

The result of converting *.raw files to seg-y is shown in Figure 3.6-ʩ. 

The result obtained by checking these checkboxes when converting the *.ses3 file is shown in 

Figure 4.1. As can be seen from the lack of heave compensation for the seafloor in the seismic section, the 

Z value was not applied to the seismic traces, when converting the *.ses3 files. 

 

 

Figure 4.1 The result of the *.ses3 files conversion with the ñApply flying depth correction with Z value 

[m] from SIS dataò checkbox checked 

 

The seismic section screenshot in Figure 4.1 is made in the SeiSee program. Two vertical steps 

in the seismic section are due to the Delay Recording Time value change, which is not displayed in the 

SeiSee window. 
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4.2 ʏʝʢ-ʙʦʢʩ ñApply tide correction with Z value [m] from SIS dataò 

If we check the ñApply tide correction with Z value [m] from SIS dataò checkbox when converting 

the *.ses3 file (the ñApply flying depth correction with Z value [m] from SIS dataò checkbox will be 

cleared), we will get the result shown in Figure 4.2 (the same portion of the seismic section as in Figure 

4.1 is shown; the vertical steps appearing in the seismic section are due to the Delay Recording Time value 

change, which is not displayed in the SeiSee window). 

As we can see from the Figure 4.2, the Z value was applied and heave compensation was 

performed during the conversion. If we compare Figure 4.2 with Figure 3.7, we can see that the Z value 

was applied with the ñreverseò sign for *.raw files when the ñApply tide correction with Z value [m] from 

SIS dataò checkbox was checked. Accordingly, the seismic bottom distortion due to heave in Figure 3.7-b 

was doubled. However, when converting the *.ses3 file, the Z sign is considered by the SES Convert 

program as ñcorrectò and the distortion due to heave is ñremovedò (Figure 4.2). 

Moreover, if the ñApply tide correction with Z value [m] from SIS dataò checkbox is checked, 

the Z value is applied exactly as ñtideò during *.ses3 conversion, i.e., the constant component is pre-

subtracted from the Z values. 

 

 

Figure 4.2 The result of the *.ses3 files conversion with the ñApply tide correction with Z value [m] from 

SIS dataò checkbox checked 

 

Based on the experience with field data, the following ñunexpected featuresò occurred when 

converting the *.ses3 format for multiple SBP survey sessions with checkboxes checked as in Figure 4.2: 

-- When converting in SES Convert version 2.3.3.1, the bottom depth was doubled, so the seismic section 

was outside the seg-y file recording time. The only way to output the seismic section to seg-y was to check 

the ñExtend depth data range from/toò checkbox, forcing the bottom boundary for the seismic section; 

-- When converting in SES Convert version 2.3.4.0, the bottom depth was quadrupled. 

Comparison of *.ses3 files with ñdouble bottom depthò in ISE2 and files converted without this feature did 

not reveal the causes of this effect (the hardware settings available for viewing in ISE2 and the data fields 

nature were the same). 
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As a result, the MatLab / Octave script described below was used to make Z corrections in the 

seg-y file for files recorded in *.ses3 format. 

4.3 Applying Z using MatLab / Octave 

The script in Appendix 1 generates seg-y files identical to the SES Convert results for *.raw files 

(applying Z with ñApply flying depth correction with Z value [m] from SIS dataò checked) when the SBP 

transmitter Z-coordinates are calculated using the GPS antenna Z-coordinate (absolute estimates obtained 

relative to zero elevation mark using PPP correction for GPS). 

To apply Z values outside the SES Convert, do the following: 

1) convert a *.raw file or a *.ses3 file to seg-y with cleared checkboxes responsible for applying Z or heave 

compensation; 

2) unload Z value from a *.raw file or a *.ses3 file into a text file; 

3) shift each seismic trace in the seg-y file by the Z value converted from distance units to time units. 

To get a text file with Z values from *.raw or *.ses3 files without using the ISE program, one can 

use the option left in SES Convert - set the Z value instead of one of the coordinates and output this 

ñcoordinateò to an ASCII file as shown in Figure 4.3. The result of the conversion is a file similar to the 

one shown in Figure 4.4, containing the Z value in the second column. 

 

   

Figure 4.3 Exporting Z values from the *.raw or *.ses3 file using SES Convert 

 

 



23 

 

Figure 4.4 The contents example of the exported file with the Z values 

 

Since after such a conversion the seg-y file will contain Z values instead of coordinates, it is 

necessary to convert the file again with correct ñSIS-ID's of coordinates in source fileò settings in order to 

get ñseg-y file with coordinatesò. It is also necessary to clear the ñApply heave correctionò, ñApply tide 

correction with Z value [m] from SIS dataò, ñApply flying depth correction with Z value [m] from SIS 

dataò checkboxes responsible for applying Z or heave compensation. The ñApply range correctionò 

checkbox should be checked for correct seg-y file creation (the reasons are described in the section below). 

The seismic trace values are shifted using the MatLab / Octave script, the code of which is given 

in ñAppendix 1. MatLab / Octave code for shifting seismic traces by Z valueñ. Besides shifting seismic 

traces, the script introduces an additional ñgain factorò to bring the seismic signal gain in the *.ses3 files in 

line with the gain in the *.raw files. 

The script sequentially does the following: 

1) requests the seg-y file name (with coordinates in ñSIS-ID's of coordinates in source fileò fields and 

without applying Z or heave-compensation); 

2) requests the name of the text file containing Z values in a second column; 

3) assigns the value of sound speed to the SV variable to be used in the conversion of distance units to time 

units; 

4) assigns the gain factor to the GainK variable for seismic traces (to bring the gain in *.ses3 files in line 

with the gain in *.raw files); 

5) reads the contents of the seg-y file and the text file with Z values; 

6) converts Z values into time units (taking into account the frequency of the seismic trace digitization); 

7) shifts seismic traces by Z value (in time) and amplifies them; 

8) saves the seg-y file to disk. 

As a result of the actions described above, we get a seg-y file ñconvertedò from *.ses3, for which 

-- Z values are mathematically entered in the same way as for the *.raw file when converting in SES Convert 

with the ñApply flying depth correction with Z value [m] from SIS dataò checkbox checked (for absolute 

Z estimates, the SBP bottom will coincide the MBES bottom, Figure 5.3);  

-- seismic traces gain coincides with the gain in files converted from *.raw format. 

The use of the described approach is convenient for bringing seg-y to a unified form, if the survey 

for one area was performed by Innomar SBP sets, recording in both *.ses3 and *.raw formats with absolute 

Z estimates. 
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5. Artifacts in the seismic section for the moments of the Delay Recording 

Time values change (ñApply range correctionò checkbox)  

Figure 5.1, Figure 5.2 and Figure 5.3 show the results of the *.ses3 file converting with different 

SES Convert settings. The portion of the seismic section is the same as in Figure 4.2, however, the section 

is plotted in KingDom program. Unlike plotting in SeiSee, the seismic traces are plotted taking into account 

the recording start time (i.e., shifted by the ñDelay Recording Timeò contained in the seismic trace headers 

in the seg-y file). The red line shows the seafloor position based on the MBES data, converted to time units 

and overlaid on the seismic section. The SBP survey was performed with an equipment configuration in 

which the SBP transmitter Z-coordinate is referenced to the Z-coordinate of the GPS antenna (absolute 

measurements). Thus, if the Z correction is entered correctly, the seafloor position based on the MBES data 

and the seafloor position on the seismic section should coincide. 

Note that when converting the *.ses3 file, the seafloor levels do not coincide under any SES 

Convert settings; coincidence is only achieved when applying the MatLab / Octave script (Figure 5.3); 

The incomplete ñDelay Recording Timeò compensation for all seismic sections, except for 

sections with the ñApply range correctionò checkbox checked, is noteworthy. 

The artifacts remaining after ñDelay Recording Timeò compensation are shown by blue arrows. 

After the ñApply scale factor of 100 to SEG-Y trace header value DELRTò checkbox is checked, the 

artifacts amplitude changes, but does not decrease by a factor of 100, as one would expect when increasing 

the ñaccuracyò of ñDelay Recording Timeò values by a factor of 100. 

Thus, when using SES Convert versions 2.3.3.1...2.3.4.0, the ñApply range correctionò 

checkbox should always be checked to avoid the marked artifacts. 

Based on the experience with field data, during the *.raw and *.ses3 files conversion without the 

ñApply range correctionò checkbox checked and with artifacts-steps, the seismic section shift along the 

vertical axis is added for the time from 0.5 to 3 milliseconds approximately for one of fifteen seg-y files. 

The shift appears both when converting *.raw files under the settings described in the ñSES Convert 

settings for *.raw files if the SBP transmitter Z-coordinate is specified using absolute estimatesñ section 

and when converting *.ses3 files with Z correction using MatLab / Octave. This means that the shift is not 

related to the Z correction, but is probably the result of an incorrect ñDelay Recording Timeò correction. 

When the ñApply range correctionò checkbox is checked, the shift disappears. However, if the 

ñApply scale factor of 100 to SEG-Y trace header value DELRTò checkbox is also checked, it ñintroduces 

its own offsetò. Therefore, the ñApply scale factor of 100 to SEG-Y trace header value DELRTò 

checkbox must be always cleared. 
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Figure 5.1 Results of the *.ses3 file conversion under different settings. Part 1 

 

a) 

heave correction ï On 

tide correction ï Off 

range correction ï Off 

scale 100 for Delay ï Off 

b) 

heave correction ï Off 

tide correction ï On 

range correction ï Off 

scale 100 for Delay ï Off 

c) 

heave correction ï Off 

tide correction ï On 

range correction ï On 

scale 100 for Delay ï Off 
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Figure 5.2 Results of the *.ses3 file conversion under different settings. Part 2 

 

d) 

heave correction ï On 

tide correction ï Off 

range correction ï Off 

scale 100 for Delay ï On 

e) 

heave correction ï Off 

tide correction ï On 

range correction ï Off 

scale 100 for Delay ï On 

f) 

heave correction ï Off 

tide correction ï On 

range correction ï On 

scale 100 for Delay ï On 










