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‘Q'? Introduction

Surface-only sources and receivers do not
effectively illuminate sub-vertical interfaces
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Physical Modeling of Seismic lllumination.
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‘Q'? Common-Source Gather
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r{; Common-Offset Gathers
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ANALYSIS

Imaging the velocity structure.

Processing challenges:

— Systematic noise.

— Non-stationary waveforms.

— PSP converted arrivals.
— Internal multiples.
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ANALYSIS

Conditioning data for imaging

— First arrival removal
— Compensating for attenuation

— Suppression of water column reverberations
and internal multiples
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1. Travel Time Tomography (TTT)

— fit transmission and reflection
times using ray-tracing.

2. Depth Migration (post and pre-stack)

— Kirchhoff
- RTM.

3. FWIin frequency or time domain.
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Prestack Depth Migration

Fourier finite difference method

Dietrich Ristow and Thomas Ruhl, Fourier
finite -difference migration, Geophysics, 1994.
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Prestack Depth Migration without multiple suppression
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Prestack Depth Migration with multiple suppression
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Part 2

Designing Electronic Circuits for Generating the
Drill-bit Source Waveform.

W,,p = drill-bit waveform

1 1 1 1 1 1
0 500 1000 1500 2000

Time, ms
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Mathematical model of SWD

dimp = IMpulsive-source seismic data;

Wewp = drill-bit waveform;

dswp = Seismic field data acquired with drill-bit source;
d. = estimated impulsive-source seismic data.

Convolution:
dimp ® Wsup = dswp
Deconvolution:

dest - dSWD @ Wswp
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* Block Diagram of Electronics to Generate Drill Bit Waveform

M
N

SYNC
<€

W, = digitized
version of Wgp .

W,,, = low-voltage
drill-bit waveform:

W, = high-voltage
drill-bit waveform:;

Raspberry Pi
microcontroller,
with W, stored in memory.

CLK

Y _VVVVVVVVVVVY

Digital-to-Analog
Converter (DAC)..

|

Bandpass Filtering.

l Wiy

High-voltage
Operational Amplifier.

CLK

DO-D9

out

‘ ns
—

piezopin source

Timing Diagram

24



Raspberry Pi 3 B+
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‘1',7 Raspberry Pi

Main Floor @ ES

Raspberry Pi

Raspberry Pi

2nd Floor @ ES
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Source: https://www.electronicwings.com/raspberry-pi/raspberry-pi-gpio-access

vy General Purpose Input / Output (GPIO)
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‘1'? General Purpose Input / Output (GPIO)

GPIO Interface library/Module Direct GPIO Register Manipulation in C-code

i . L . Read
CLi bra ry. Address Field Name Description Size . /
Write
wiring Pi 0x 7£20 0000 GPFSELO | GPIO Function Select 0 32 RIW
iopio 0x 7E20 0000 GPFSELO | GPIO Function Select 0 k) RIW
PIgP
0x 7£20 0004 GPFSEL1 | GPIO Function Select 1 32 RIW
0x 7£20 0008 GPFSEL2 | GPIO Function Select 2 32 RIW
______ Ox 7E20 000C GPFSEL3 | GPIO Function Select 3 32 RIW
0x 7£20 0010 GPFSEL4 | GPIO Function Select 4 32 RIW
Ox 7€20 0014 GPFSEL5 | GPIO Function Select 5 12 RIW
Python MOdUIE: 0Ox 7E20 0018 - Reserved - -
Ox 7£20 001C GPSETO | GPIO Pin Output Set 0 12 W
. 0x 7£20 0020 GPSET!1 | GPIO Pin Output Set 1 EY) W
M 0Ox 7E20 0024 - Reserved - -
RPIO Ox 7£20 0028 GPCLRO | GPIO Pin Output Clear 0 32 W
Ox 7620 002C ,
H H GPCLR1 GPIO Pin Output Clear 1 32 w
wiringPi2-Python
0Ox 7E20 0030 ] Reserved i .
Ox 7620 0034 GPLEVO | GPIO Pin Level 0 32
Ox 7620 0038 GPLEVI | GPIO Pin Level 1 32
0x 7E20 003C ] Reserved i .
Ox 7620 0040 GPEDSO | GPIO Pin Event Detect Status 0 32 RIW

41 GPIO Registers (BCM 2837)

Source: https://cs140e.sergio.bz/docs/BCM2837-ARM-Peripherals.pdf




‘1'? General Purpose Input / Output (GPIO)

Direct GPIO Register Manipulation

Address Field Name Description Size Rea.d/
Write

0x 7E20 0000 GPFSELO | GPIO Function Select 0 32 R/W
0x 7E20 0000 GPFSEL0 | GPIO Function Select 0 32 R/W
0x 7E20 0004 GPFSEL1 | GPIO Function Select 1 32 RW
0x 7E20 0008 GPFSEL2 | GPIO Function Select 2 32 RW
0x 720 000C GPFSEL3 | GPIO Function Select 3 32 R/W
0x 7E20 0010 GPFSEL4 | GPIO Function Select 4 32 RW
0x 7E20 0014 GPFSEL5 | GPIO Function Select 5 32 R/W
0x 7E20 0018 Reserved - -
0x 7E20 001C GPSETO | GPIO Pin Output Set 0 32 w
Ox 7£20 0020 GPSET1 | GPIO Pin Output Set 1 32 w
0Ox 7E20 0024 Reserved - -
0x 7E20 0028 GPCLRO | GPIO Pin Output Clear 0 32 w
0x 7£20 002C GPCLRI | GPIO Pin Output Clear 1 32 hd
Ox 7E20 0030 Reserved - -
0x 7E20 0034 GPLEVO | GPIO Pin Level 0 32

0x 7£20 0038 GPLEV1 | GPIO Pin Level 1 32

Ox 7E20 003C Reserved _ _
0x 7E20 0040 GPEDSO | GPIO Pin Event Detect Status 0 32 R/W

Source: https://cs140e.sergio.bz/docs/BCM2837-ARM-Peripherals.pdf

41 GPIO Registers (BCM 2837)

Bit(s) |Field Name |Description Type |[Reset
31-30 Reserved R 0
29-27 FSEL19 FSEL19 - Function Select 19 R/W 0
000 = GPIO Pin 19 is an input
001 = GPIO Pin 19 is an output
100 = GPIO Pin 19 takes alternate function 0
101 = GPIO Pin 19 takes alternate function 1
110 = GPIO Pin 19 takes alternate function 2
111 = GPIO Pin 19 takes alternate function 3
011 = GPIO Pin 19 takes alternate function 4
010 = GPIO Pin 19 takes alternate function 5
26-24 FSEL18 FSEL18 - Function Select 18 R/W 0
23-21 FSEL17 FSEL17 - Function Select 17 R/W 0
20-18 FSEL16 FSEL16 - Function Select 16 R/W 0
17-15 FSEL15 FSEL15 - Function Select 15 R/W 0
14-12 FSEL14 FSEL14 - Function Select 14 R/W 0
11-9 FSEL13 FSEL13 - Function Select 13 R/W 0
8-6 FSEL12 FSEL12 - Function Select 12 R/W 0
5-3 FSEL11 FSEL11 - Function Select 11 R/W 0
2-0 FSEL10 FSEL10 - Function Select 10 R/W 0
GPIO Pins
GPIO Alternate function select register 1

29



‘1'? General Purpose Input / Output (GPIO)

Direct GPIO Register Manipulation

41 GPIO Registers (BCM 2837)

Source: https://cs140e.sergio.bz/docs/BCM2837-ARM-Peripherals.pdf

Bit(s) |Field Name |Description Type |Reset
Address Field Name Description Size r\:s;{:: 81-0 | SETn (n=0.31) ? : glgteéfs?(t) pin W 0
0x 7E20 0000 GPFSELO | GPIO Function Select 0 32 RIW
0x 7£20 0000 GPFSELO | GPIO Function Select 0 32 R/W GPIO OUtpUt Set Re giste ro
0x 7E20 0004 GPFSEL! | GPIO Function Select 1 32 R/W
Ox 7E20 0008 GPFSEL2 | GPIO Function Select 2 2 W Bit(s) |Field Name |Description Type |Reset
0x 7£20 000C GPFSEL3 | GPIO Function Select 3 EY) R/W 31-22 Reserved R 0
0x 7€20 0010 GPFSEL4 | GPIO Function Select 4 32 R/W 21-0 SETn 0 = No effect RW 0
0x 720 0014 GPFSEL5 | GPIO Function Select 5 32 R/W (n=32.53) |1 = Set GPIO pin n.
Ox 7E20 0018 Reserved ] ] _
Ox 7E20 001C GPSETO | GPIO Pin Output Set 0 . W GPIO O Utp ut Set Reglste ri
0x 7E20 0020 GPSET1 | GPIO Pin Output Set 1 32 W
0x 7E20 0024 Reserved ] ] Bit(s) |Field Name |Description Type |Reset
Ox 7£20 0028 GPCLRO | GPIO Pin Output Clear ) 30 w 31-0 | CLRn (n=0..31) |0 = No effect RW 0
0x 7E20 002C GPCLRI | GPIO Pin Output Clear | 32 W 1 = Clear GPIO pin n
0x 7E20 0030 Reserved ] ] )
B T armve om0 pm Lot " GPIO Output Clear Register 0
E: ;Zg zzii OPLEVI [GPIOPin Level | 2 Bit(s) |Field Name |Description Type |Reset
Reserved - -
0x 7E20 0040 GPEDSO | GPIO Pin Event Detect Status 0 32 RIW 31-22 - Reserved R 0
21-0 CLRn 0 = No effect R/W 0
(n=32..53) |1 = Clear GPIO pin n

GPIO Output Clear Register 1

30
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CLK Signal for 8-Bit Numbers
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CLK Signal for 10-Bit Numbers
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vy Conclusions

= We have collected physically-modeled impulsive-source seismic data to
address the problem of illuminating sub-vertical velocity interfaces. The data
was collected with surface and sub-surface sources shooting into a surface
receiver line.

= Subsurface piezopin sources driven by complicated waveforms (mimicking
signals produced by drill bits cutting into rock) simulate seismic while drilling
(SWD) acquisition.

= The complicated drill-bit waveform required for physical-modeling of SWD is

produced by a Raspberry Pi microcontroller linked to a DAC and a high-
voltage amplifier.
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