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Summary   

Simultaneous-source marine acquisition is an example of compressive sensing where acquisition with 
a single vessel is replaced by simultaneous acquisition by multiple vessels with sources that fire at 
randomly dithered times. By identifying simultaneous acquisition as compressive sensing, we are able 
to design acquisitions that favour recovery by sparsity promotion. Compared to conventional 
processing that yields estimates for sequential data, sparse recovery leads to significantly improved 
results for simultaneous data volumes that are collected in shorter times. These improvements are the 
result of proper design of the acquisition, selection of the appropriate transform domain, and solution 
of the recovery problem by sparsity promotion. During this talk, we will show how these design 
principles can be applied to marine acquisition and to other problems in exploration seismology that 
can benefit from compressive sensing. 

Introduction 

Conventional marine acquisition is carried out as single-source experiments of the subsurface 
response, which involve collection and processing of massive data volumes. Constrained by the 
Nyquist sampling rate, the increasing sizes of these data volumes pose a fundamental shortcoming in 
the traditional sampling paradigm and make large area acquisition particularly expensive. For 
simultaneous-source acquisition, the challenge is to estimate interference-free shot gathers and 
recover subtle late reflections that can be overlaid by interfering seismic responses from other shots. 
We show that this challenge can be effectively addressed through a combination of tailored 
simultaneous-source acquisition design and curvelet-based recovery. 
 
Recently, “compressed sensing” (Donoho, 2006; Candès and Tao, 2006) (abbreviated as CS 
throughout the abstract) has emerged as an alternate sampling paradigm in which randomized sub-
Nyquist sampling is used to capture the structure of the data with the assumption that it is sparse or 
compressible in some transform domain. By combining sampling and compression in a single linear 
step, CS benefits seismic acquisition by making the acquisition costs proportional to transform-
domain sparsity rather than the grid size. Fully sampled data are recovered after solving the sparsity-
promoting program BP: minx ||x||1 subject to Ax = b, during which sparse vectors x ∈ CN are 
recovered from incomplete measurements b = Ax0. In this expression, the vector x0 is the sparse 
representation of high-resolution data f ∈ RN. The vector b ∈ Cn with n << N represents the 
incomplete data. 

Example: simultaneous marine acquisition 

The success of compressive sensing hinges on randomization of the acquisition. Given limited control 
over the source signature of air guns, the only way to invoke randomness is to work with many 
sources that fire at random source locations and at random times (Fig. 1(a)). Unfortunately, this is 
practically infeasible and we have to resort to less-than-ideal random time dithering with few (e.g., 
two) source vessels. Fig. 1(d) illustrates this scheme (the blue arrow marks the starting location of 
each vessel, and the green arrow marks the location where ‘Vessel 2’ turns and re-enters the survey 
area). Juxtaposing recovery from “ideal” and practical simultaneous acquisition (see Fig. 1(b) and 
(e)), show comparable recovery results for the two acquisition schemes (see Fig. 1(c) and (f)). 
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Figure 1. (a) “Ideal” simultaneous-source marine acquisition. (b), and (c) show the corresponding 
simultaneous data as a section between 25 and 30 seconds of the “supershot”, and sparse recovery 
result (SNR = 10.5dB). (d) Random time-dithered acquisition with two source vessels. (e), and (f) 
show the corresponding simultaneous data, and sparse recovery result (SNR = 9.85dB). 

CS and beyond 

Aside from giving fundamental insights in marine acquisition, compressive sensing also has 
applications in several other areas of exploration seismology. For instance, we used these ideas to 
speedup solutions of wave equations, imaging, and full-waveform inversion. In all cases, compressive 
sensing allows us to subsample the data while controlling subsampling-related artefacts (Herrmann et 
al., 2011). In the case of reverse-time migration, we have been able to reduce the number of shots and 
improve the convergence of our sparsity-promoting algorithm by working with different subsets of 
simultaneous shots for each subproblem solved by the sparsity-promoting program. As such, we turn 
the expensive to evaluate overdetermined imaging problem into a cheap underdetermined problem 
that requires fewer PDE solves. Again, we use curvelets to mitigate source crosstalk related to the 
subsampling. To increase the convergence of the sparsity-promoting program, we use recent insights 
from approximate-message passing (Donoho et. al., 2009), which are aimed at removing correlations 
that develop between the model iterate and the randomized Born-scattering operator. Inspired by 
Montanari (2012), we remove these correlations by selecting different subsets of random source-
encoded supershots (Herrmann and Li, 2012) after each subproblem is solved. 
 
To demonstrate the uplift from drawing renewals for the randomized subsets, we include imaging 
results for the BG Compass model in Figure 2. The experiments are carried out with only 17 
simultaneous shots (opposed to 350 sequential shots) with 10 frequencies selected from the interval 
20 − 50Hz. The results after solving 10 subproblems clearly indicate that renewals lead to superior 
image quality and improved convergence as reported by Herrmann and Li (2012). 
 

20 40 60 80 100 120

20

40

60

80

100

120

Source location

Su
pe

rs
ho

t t
im

e 
(s

)

20 40 60 80 100 120

20

40

60

80

100

120

Source location

Su
pe

rs
ho

t t
im

e 
(s

)

Vessel 2
Vessel 1

Vessel 2



                                                                                                               
                                                                                                                                                                                                                

74th EAGE Conference & Exhibition incorporating SPE EUROPEC 2012 
Copenhagen, Denmark, 4-7 June 2012 

 
 
 

 
 
 
 
 
 
 
 
 

 
 

 
 
 
 
 
 
 
 
 
 

 
Figure 2. Imaging with and without ‘messaging’ (adapted from Herrmann and Li, 2012). 
 

Conclusions 

We showed that recovering single-source pre-stack data volumes from simultaneously acquired 
marine data essentially involves removing noise-like crosstalk from coherent seismic responses. We 
identify simultaneous marine acquisition as a linear subsampling system, and also propose a 
randomized time-dithering acquisition scheme that can match with a few multiple vessels the 
performance of an “ideal” simultaneous-source acquisition. By comparing sparsity-promoting 
reconstructions on a real marine seismic line sampled with different schemes, where the size of the 
collected data volumes is same in all cases, we quantitatively verified the above statement. Finally, we 
also showed that ideas of compressive sensing can also be used in seismic imaging. 
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