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Outline

• Review of SConstruct commands 

• About the Nankai trough  

• 2-D data processing workflow



SConstruct commands

• Fetch('file','directory',[options]) 

• defines a rule for downloading data files from a specified directory 

• Flow('target','source','command') 

• defines a rule for creating targets from sources by running the specified 
command  

• Plot('target','source','command') 

• like Flow() but generates graphics file (Vplot file) 

• Result('target','source','command') 

• like Plot() but output file is put in ./Fig directory (for inclusion in papers and 
reports)



(Mochizuki, 2003)
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• Fetch raw data and convert to RSF (Regularly Sampled 
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Fetch data and convert to RSF 

from rsf.proj import * 
!
# Download data 
!
Fetch('Nshots.su','nankai') 
!
# Convert to RSF 
!
!
Flow('shots tshots','Nshots.su', 
        'suread suxdr=y tfile=${TARGETS[1]} | window min1=5') 

Must be included in 
every SConstruct

Targets Source

Command Parameters

Converts SU file into 2 file: 
tshots.rsf and shots.rsf



Examine trace data file shots.rsf

> scons shots.rsf 
> sfin shots.rsf 
shots.rsf: 
	 in="/your directory/shots.rsf@" 
	 esize=4 type=float form=native 
	 n1=3000		 	 d1=0.002	 	 o1=5 
	 n2=19057	 	 d2=1	 	 	 	 o2=0 
	 	 	 22494 elements 89976 bytes

Time samples

Traces

Location of data file

Element info



Examine content of trace header file

91 headers, 19057 traces 
***************************************************************************************** 
                 key     	               min     	                   max    	           mean 
-------------------------------------------------------------------------------------  
tracl	 	 0             39069 @ 0	          58125 @ 19056	          	 48597 
tracr	 	 1                     1 @ 0	          19057 @ 19056	             9529 
fldr 	 	 2               1687 @ 0	            2012 @ 19056	        1850.61 
tracf        	 3                   28 @ 1522              96 @ 0	        	        61.8195 
cdp         	 5            	  900 @ 0	            1300 @ 17460	        1101.39 
cdpt        	 6              	      1 @ 0	                69 @ 1590	        33.1667 
trid          	 7              	      1 @ 0	                  2 @ 56	          1.0001 
offset      	 11            -2435 @ 1522	    -170 @ 0	      	       -1308.69 
scalel      	 19          -10000 @ 0	         -10000 @ 0	         		 -10000 
scalco     	 20          -10000 @ 0	         -10000 @ 0	         		 -10000 
counit      	 25                   1 @ 0	                  1 @ 0	              	 	 1 
muts        	 36                   0 @ 0	          11000 @ 56	        1.15443 
ns            	 38             5500 @ 0	            5500 @ 0	           	    5500 
dt            	 39             2000 @ 0	            2000 @ 0	           	    2000 
day          	 60               206 @ 0	              206 @ 0	            	      206 
hour         	 61                 21 @ 0	                22 @ 14770	         	21.225 
minute     	 62                   0 @ 14770	       59 @ 14425	        28.3935 
sec          	 63                   1 @ 1133              59 @ 467	        30.0732 
*****************************************************************************************

> scons tshots.rsf 
> sfheaderattr < tshots.rsf



Extract and display raw shot gathers

# Extract shots 
Flow('shots2','shots', 
        'intbin xk=tracf yk=fldr') 
!
Result('shots2', 
          ''' 
          window min1=5.8 max1=8.5 | 
          byte gainpanel=all | transp plane=23 memsize=5000 | 
          grey3  frame1=400 frame2=50 frame3=200  
          point1=0.8 point2=0.8 flat=n 
          title="Raw Shots" label2="Shot Number"  
          ''') 

3D cube 
plot



Display raw shot gathers: 
> scons shots2.view



Create mask

# Create a mask 
Flow('smask','shots2', 
	    'mul $SOURCE | stack axis=1 | mask min=1e-20') 
!
Result('smask', 
          ''' 
          dd type=float | 
          stack axis=1 norm=n | 
          graph symbol=x title="Nankai Trough" 
          label2="Traces per Shot Gather"  
          ''')graph 
plot



Display shot mask: 
> scons smask.view



Display 1707th shot gather
shot=1707 
!
Flow('mask','smask','window n2=1 min2=%g’ % shot) 
!
Flow('shot','shots2 mask', 
        ''' 
        window n3=1 min3=%g squeeze=n | 
        headerwindow mask=${SOURCES[1]} 
        ‘'' % shot) 
!
Flow('offset','offsets mask', 
        ''' 
        window n3=1 min3=%g squeeze=n | 
        headerwindow mask=${SOURCES[1]} 
        ‘'' % shot) 
!
Result('shot','shot offset', 
          ''' 
          window min1=5.8 max1=8.5 | 
          wiggle xpos=${SOURCES[1]} yreverse=y transp=y poly=y 
          title="Shot 1707" label2=Offset 
          ''')wiggle 

plot



Display 1707th shot gather: 
> scons shot.view
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Frequency filtering - one shot gather

# Frequency filtering 
v1=1.5 
v2=2.2 
!
Flow('fft','shot','put d2=0.034 | fft1 | fft3’) 
!
Result('fft', 
       ''' 
       window max1=100 | math output="abs(input)" |  
       real | grey allpos=y title="FFT"  
       ''') 
!
prog = Program('filter.c') 
!
Flow('filter','fft %s' % prog[0], 
     './${SOURCES[1]} v1=%g v2=%g' % (v1,v2)) 
!
Result('filter', 
       ''' 
       window max1=100 | math output="abs(input)" |  
       real | grey allpos=y title="Filtered"  
       ‘’')



Display F-K domain: 
> scons fft.view



Display mute function: 
> scons mute.view



Display filtered data in F-K domain: 
> scons filter.view



Frequency filtering - one shot gather

Flow('signal','filter','fft3 inv=y | fft1 inv=y | put d2=1’) 
!
Plot('signal',' window min1=5.8 max1=8.5 | grey title=Signal 
clip=2') 
!
Flow('noise','shot signal','add scale=1,-1 ${SOURCES[1]}’) 
!
Plot('noise',' window min1=5.8 max1=8.5 | grey title=Noise 
clip=0.1') 
!
Result('signal','shot signal noise','SideBySideAniso') 



Display shot gather separated into signal and noise: 
> scons signal.view



Apply to all shot gathers and display: 
> scons fshots.view
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Display CMP gathers: 
> scons cmps.view



Display mask: 
> scons cmask.view
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Velocity analysis - one CMP gather

Flow('vscan','cmp1 off mask', 
     ''' 
     vscan half=n offset=${SOURCES[1]} mask=${SOURCES[2]} 
     v0=1400 nv=101 dv=10 semblance=y  
     ''') 
!
Plot('vscan','window min1=5.8 max1=8.5 | grey color=j allpos=y title="Velocity Scan" unit2=m/s') 
!
Flow('pick','vscan', 
     'mutter inner=y half=n t0=5 x0=1400 v0=75 | pick v0=1500 rect1=25') 
!
Plot('pick', 
     ‘'' 
     window min1=5.8 max1=8.5 |  
     graph transp=y yreverse=y plotcol=7 plotfat=3 
     pad=n min2=1400 max2=2400 wanttitle=n wantaxis=n 
     ''') 
!
Plot('vscanp','vscan pick’,'Overlay')

velocity scan

automatic picking



Velocity analysis - one CMP gather

Flow('nmo','cmp1 off mask pick', 
     ''' 
     nmo half=n offset=${SOURCES[1]} mask=${SOURCES[2]} 
     velocity=${SOURCES[3]} 
     ''') 
!
Plot('cmpg','cmp1','window min1=5.8 max1=8.5 | grey title="CMP 1280" labelsz=12 
titlesz=18') 
!
Plot('nmog','nmo','window min1=5.8 max1=8.5 | grey title="Normal Moveout" 
labelsz=12 titlesz=18') 
!
Result('nmo1','cmpg nmog','SideBySideAniso') 
!
Result('vscan','cmp1 vscanp','SideBySideAniso') 

apply NMO correction



Display velocity scan: 
> scons vscan.view



Display normal moveout correction: 
> scons nmo.view



Apply to all CMPs and display NMO velocity: 
> scons picks.view



Display stacked section: 
> scons stack.view
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DMO stack

1. Generate an ensemble of NMO stacks with constant 
velocities 

2. Transform the stack volume into the frequency-
wavenumber domain and apply the velocity mapping: 

!

3. Pick velocity using power of stack or the envelope 

4. Slice through velocity cube to generate stack

v0 = v

✓
1 +

k2 v2

4!2

◆�1/2



Display NMO stacks using constant velocities: 
> scons stacks.view



Display DMO correction: 
> scons dmo.view



Display picked velocity : 
> scons vpick.view



Display DMO stack: 
> scons slice.view



Display stacked section: 
> scons stack.view
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Post-stack Stolt migration

1.   Apply 2-D Fourier transform 

2.   Map frequencies     to       according to: 

!

!

3.   Inverse Fourier transform to the time-migrated image.

! =

r
!2
0 +

v2

4
k2

! !0



Post-stack Stolt migration (v=1500 m/s)

# 2D cosine transform 
!
Flow('cosft','slice', 
     ''' 
     put d2=16.667 label2=Distance unit2=m | pad beg1=1250 |  
     cosft sign1=1 sign2=1		 	 	 	 	 	 	 	     |   
     mutter v0=0.0005 half=n | put label2=Wavenumber 
     ‘'') 
!
Result('cosft','grey title="Cosine Transform" pclip=95') 
!
# Stolt migration with constant velocity 
!
Flow('map2','cosft','math output="sqrt(x1*x1+%g*x2*x2)" ' % (562500))



Post-stack Stolt migration

Flow('cosft2','cosft map2','iwarp warp=${SOURCES[1]} inv=n') 
!
Result('cosft2','grey title="Cosine Transform Warped" pclip=95’) 
!
# Inverse transform 
!
Flow(‘mig2','cosft2', 
       ‘'' 
        cosft sign1=-1 sign2=-1 | window f1=1250 | 
        put d2=1 unit2= 
       ‘'') 
!
Result('mig2', 
       ''' 
	 window min1=5.5 max1=8.5 |  
	 grey title="Stolt Migration with Velocity of 1500 m/s"  
	 label2="CMP Number"  
	 ''')



Display 2-D cosine transform: 
> scons cosft.view



Displayed warped cosine transform: 
> scons cosft2.view



Display migration result: 
> scons mig2.view



1. Create reasonable migration velocity 

2. Migrate with a number of constant velocities in the 
range from 1500 m/s to 1750 m/s 

3. Slice through ensemble of migrations to create an image

Post-stack Stolt migration - variable velocity



Display migration velocity: 
> scons vmig.view



Display migration result: 
> scons mig.view



Constant velocity migration result 



Display zoomed in portion of migration result: 
> scons zoom.view

DMO stack Migrated -  
1500 m/s

Migrated - 
variable velocity



Exercise

• Follow the directions in the handout and improve the final 
result by modifying designated parameters at different 
steps of the workflow 

• Modify the paper.tex file to insert your answers and 
figures 

• Questions?

Thank you!


