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Introduction 
Seismic acquisition is a procedure that studies geophysical layers (or marine environments) by measuring 
the reflections to one or more impulses (seismic excitation in general). Figure 1 shows an example of the 
responses collected by an array of receivers to a single shot. An array of receivers is linearly spaced along 
the surface of the marine environment. The source generates an impulse by shooting an air wave into the 
depths of water. Depending on the density and nature of different marine layers, the receivers record the 
reflective waves that are caused by changes at the boundaries of these layers. Several shots are emitted at 
different locations (offsets) to increase the resolution of the image.   
 

 
Figure 1: Diagram of seismic data acquisition for a single shot.  



 

Terminology 
● Receivers (called Hydrophones in Fig. 1) or gathers are sensors placed in an array (typically 

linear) that store wave characteristics at certain offsets. The data obtained by receivers contains 
the amplitudes, frequency, and phase of the reflections waves.  

 
● Shots (sometimes referred to as sources) are the offsets at which a certain air wave is released. 

Typically, several shots are used in a data collection different times and offset locations (Fig. 1 
shows a single shot). Using multiple shots increases the resolution and quality of data.  

 
The data obtained from a seismic gathering is typically three dimensional, with receiver index, shot index, 
and time (msec) as the three axes. Figure 2 shows a complete view of sample data from all three 
perspectives. The data were provided by Petroleum Geo-Services (PGS) for the purposes of this study.  

 
Figure 2: Three views of the 3D data matrix provided by PGS. a) The response of all receivers over time 
for a specific shot index. Two shots are produced at this offset with a 9.6 msec time delay. b) Response of 
one receiver over time to all shots. c) Response of all receivers to all shots indexes at a certain time ( 
called data matrix (Berkhout 1982)).  

Simultaneous acquisition 
To increase efficiency, the interval between shots can be reduced. This increases efficiency by reducing 
the time required to collect data. However, these intervals are sometimes reduced to an extent that the 
time between two shots is less than the time it takes for all reflections caused by a shot to dampen (Fig. 2-



 

a). This causes simultaneous sources, where one source is the source of interest and the other source(s) 
are considered interference.  

 
The objective of this study is to apply data processing algorithms to suppress unwanted sources from 
gatherings.  

Random delay times 
A popular approach is to enforce random delay times between consecutive shots (Vaage 2002). Random 
delays (aka unsynchronized firing times) help remove unwanted sources. Figure 3 shows the delay time of 
the secondary sources (bottom curve) with respect to the original shots. A straightforward approach in this 
case is to apply a 2D median filter to the aligned shot responses (Huo 2009). A probabilistic approach is 
to use Principal Component Analysis to preserve the source of interest, while attenuating the 
unsynchronized secondary sources  (Moore 2010; Abma et al. 2010). 
 

 
Figure 3: Random delay time of secondary source w.r.t.primary source.  
The bottom curve is random due to the deliberate unsynchronized delay time 
between sources.  

Evaluation Description 
Participants are asked develop deblending techniques to remove the effect of interfering sources from the 
data matrix. A sample dataset of a marine survey, PGS Triple Source data,  has been provided by 
Petroleum Geo-Systems (PGS) for the purposes of this challenge. The package contains:  

Data 
● Blended data matrix of size 2768x256x256. The first dimension (of size 2768) corresponds to 

time samples. The second and third dimensions (each of size 256) correspond to receiver and shot 
indexes, respectively.  

Shorter intervals between shots ⇒Shorter intervals between shots ⇒ efficient acquisition & signal interference  



 

● Time-delay matrix is a 256x256 matrix that contains 256 unique time delays values (in msec) 
corresponding to the time delay between consecutive shots from the same offset. The time delays 
are unique for each shot index. For example, Fig. 2-a shows the receiver index against time for a 
single shot index. As shown in the figure, a second source is released with a delay of ~9.5msec, 
implying that the time delay matrix at that shot index should have the value ~9.5msec.  

Matlab demo 
● The PGS package also contains a deblending demo that removes simultaneous source 

interference by using the shot delays in the time-delay matrix to locate and remove unwanted 
shots from the data matrix.  

○ Sampling rate: The sampling rate used for this dataset is 4msec. This information could 
be used to correctly scale the time-delays in the Fourier domain. An example of this is 
shown in the demo code.  

Participant Submissions 
Submissions will be in the form of one data matrix (2768x256x256) containing deblended data. 
Participants are also asked to provide the source code for their proposed algorithms. The source code 
should be self-sufficient and must accept only as input: 

Code Input 
● Blended data matrix 
● Time delay matrix 
● System parameters 

System Outputs  
● 2768x256x256 deblended data matrix 
● Source-code as described above 
● System description: A report of up to 4 pages including separate sections describing method, 

system setup, experimental setup, and results. Reports must be in two-column format and should 
include references.  

Evaluation 
Final rankings of the submissions will be assessed by Petroleum Geo-Services (PGS), the company that 
provided the dataset.  
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