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Introduction

In 1972/73 PRAKLA-SEISMOS started to develope the
SSP-11 Seismic Data Processing System. The algorithms,
used over many years of quality seismic data processing
atPRAKLA-SEISMOS, were newly writtenfor the PDP-11/45
and convolver (SSP-11 System). This system was then
announced in 1974. Practice and experience soon showed
that an array processor was necessary. PRAKLA-SEISMOS
was obliged to develope a concept for such an array
processor and, in 1975, gave a commission for the con-
struction of the Array Processor System APS. One year
later, the first APS was installed and has since been
successfully programmed for the SSP-11A Seismic Data
Processing System.

Another main component of the SSP-11A System, the
combined seismic/raster plotter KPU, designed and con-
structed by PRAKLA-SEISMOS, produces high-resolution
plots of seismic sections including line headers and side
labels. The APS and KPU, both specially designed for
seismic data processing, and the PDP-11/60, the latest
member of the PDP-11 computer family, guarantee an
efficient SSP-11A System.
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SSP - 11 A Seismic Data Processing System

HARDWARE
CENTRAL PROCESSING UNIT

The CPU is the versatile PDP-11/60 with the following
features

e 16-bit word

memory addressable to 128K words

integrated Floating Point Processor for single and
double precision (32 or 64 bits) arithmetic
comprehensive instruction set of over 400 instructions
automatic bootstrap loader with self-diagnostic test
real-time clack

Power Fail and Automatic Restart

For communication between system components and
peripherals the PDP-11 uses a single high-speed bus
known as the UNIBUS. Addresses, data, and control
information are transmitted via the UNIBUS. Device
registers, located in the uppermost 4K words of address
space, enable any peripheral connected to the system
to be operated with the same set of instructions as used
for memory.

The PDP-11/60 is offered with 32K words MOS memory
(battery back-up) or core memory. For MOS memory, each
16-bit word has an additional 7-bit error correction code.
In addition, a 1K 18-bit word cache memory frees the
UNIBUS for other transfers, increasing throughput. The
bus cycle time is 170 ns which gives an effective cycle
time of 632 ns. The integrated Memory Management Hard-
ware provides 18 bit addressing capability up to 128K
words, as well as memory protection.

The PDP-11 operating system is disc-based and supports
PDP-11 Assembler (Macro), FORTRAN 1V, and COBOL,
and includes an extensive function library. Other operating
systems, such as data bank management, are available
for the PDP-11.

The user communicates with the system via the console.

The CPU can also be the PDP-11/55, a fast FORTRAN
computer with up to 32K bipolar memory.

PDP 11/60




PERIPHERALS

A wide selection of individual peripherals are offered
to meet all processing requirements:

Other peripherals, such as paper tape reader/punch,
cassette input, etc. may be requested.

A fixed point convolver may be used for a low cost con-
figuration (SSP-11).
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Seismic Data Processing System
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SOFTWARE

The SSP-11A System offers comprehensive software based
on well-proven algorithms for the complete processing of
impulse seismic and VIBROSEIS® The system is designed
to relieve the input crew from time-consuming routine
data organization and to minimize system operation.
Routines, such as listing of data and parameters, plotting

PREPROCESSING

For maximal utilization of memory and disc capacity, as
well as reduction of execution times, preprocessing uses
its own operating system with optimized drivers for all
peripherals during run time.

Preprocessing inputs data from field tapes, field para-
meters, and field geometry and outputs the demultiplexed,
sorted, and edited traces in SSP-format or SEG Y-format.
In addition, a separate documentation tape is generated
containing all field parameters, e.g. shot point position,
geophone position, elevations, coverage degree, etc. The
display of parameters from this tape allows easy, quick,

and labelling, are controlled by the system. Thus the input
crew is free for specific seismic work.

The software is modular which allows the addition of any
new modules and processes. In this way the system
remains flexible and can easily be expanded and updated
with future program developments.

and reliable parameter checking before the actual process-
ing starts. This tape is continuously updated during each
further seismic processing step.

Each sorting is preceded by a simulation run which lists
control parameters for the actual sorting, detects errors,
indicates necessary subsequent sortings, etc.

Field tape utilities are included, such as dump programs
for troublesome field tape input, scan interpolation for
damaged scans, and further special options for various
formats.

* Trade Mark of Continental Oil Company

** in frequency or time domain




SEISMIC PROCESSING

The PDP-11 with the integrated Array Processor System
APS is an optimal system for geophysical data processing:
fast, precise, economical, flexible, expandable. All seismic
processes have been programmed utilizing the features of
PDPand APS. Both solve different problems independently
at maximum speed — the APS for fast calculations of
seismic processes in floating point,the PDP for processing
organization and data transfer.

Special consideration was given to a fast solution of
convolution and FFT during the development of APS.
Therefore processes in time and frequency domain such
as filtering, correlation etc. are especially efficient.

The documentation tape, generated before the first pre-
processing run, is updated/supplemented at every seismic
processing step,thus representingthe complete processing
history up to this point. The facility to print the contents
of this tape or produce a plot showing all information in
a graphical representation enables the analyst to instantly
check all applied parameters. At any stage of seismic
processing, a profile can be plotted together with the
contents of the documentation tape in one display proce-
dure on the same sheet of photographic film/paper
(page 8, 9).

Example of a System Job for Seismic Processing
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GASOLIX OIL LTD. TULPENBERG 1977

40077
LINE 99
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Array Processor System APS

HARDWARE

The Array Processor System APS (called APS below) is a
self-contained multiprocessor operated independently from
the CPU of the PDP. The APS controls the flow of data
between memory and calculation units, and the parallel
operation of all processors and all calculation units with
its own operating system. At the same time, processing
organization and data transfers are carried out by the PDP.

The APS structure (page 11) shows its clear concept:

Since each processor of the APS is programmable, the
system has immense flexibility. The modular structure of
APS allows its application in all areas of geophysics and
allows expansion of the system at any time.

—
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SOFTWARE

In the SSP-11A System, the APS has been programmed in
floating point for all seismic processes: True Amplitude
Recovery, Deconvolution, Corrections, Stacking, Filtering,
Correlation (frequency and time domain), Automatic Resi-
dual Static Corrections, Real Amplitude Processing,
Migration.

The APS is easily programmed since each of the pro-
cessors is programmed independently in a widely known
nomenclature, and the instruction set of each processor
is adapted to its particular task. The hardware of APS
guarantees automatic overlapping of input, calculation and
output operations, and allows memories, bus and proces-
sors to run at maximum speed with individual clocks. Thus
a high data flow rate is ensured.

Execution Times

Array Processor System APS-4 APS-8 APS-16
Hardware Commands

32-bit floating point

Add/Subtract 125 ns 63 ns 32 ns
Multiply 250 ns 125 ns 68 ns
Divide 550 ns 275 ns 138 ns
Add/Subtract, integer 75 ns 38 ns 19 ns
Logic operation 75 ns 38 ns 19 ns
Format conversion,

fixed/floating point 150 ns 75 ns 38 ns
Algorithms

32-bit floating point

1024 x 32 pts Correlation 16 ms 8 ms 4 ms
1024 pts real FFT 5,4 ms 2,8 ms 1,5 ms
1024 pts compiex FFT 9,8 ms 5,1 ms 2,7 ms

APS-8 and APS-16 include an additional input processor
and output processor.

Modern technology used in the APS

12, "UAAAAREL
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The hard-wired APS-operating system organizes the
loading, initialization, and execution of array processor
programs. This allows the APS to change tasks within
milliseconds. The software includes the following FORTRAN
callable functions:

e Vector operations for logic and arithmetic functions:

scalar terms and conversions

vector element sum, maximum or minimum

vector clipping, limiting
e Vector operations for exponential and trigonometric

funktions:

maximum and minimum magnitude

peak

two-vector maximum, minimum, magnitudes
e Matrix operation:

inverse, transpose, multiply, vector multiply
e Signal processing functions:

convolution

FFT

scrambling

vector polynomial

difference equation

band pass filter

recursive filter

Wiener-Levinson

power spectrum

phase unwrapping

cepstrum




Combined Seismic/Raster Plotter KPU

The KPU, a high performance photographic drum plotter
for seismic, raster, and alphanumeric display, is a result
of PRAKLA-SEISMOS’ methodical development and ex-
perience over more than 10 years in the construction
and application of drum type plotters with cathode-ray
tubes, first in analog, later in digital techniques. It was
developed for outstanding quality seismic playback. Non-
seismic plot modes benefit from the high mechanical and
optical accuracy.

The entirely digital control supported by a PDP-11 com-
puter — either on-line or as a stand-alone device — pro-
vides flexible job handling and high reproducibility of the
image playback.

HARDWARE

Additional equipment required or recommended: a dark
room for the plotting unit, a developing device (e.g.
KODAK processor), and a roll film dispenser.
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SOFTWARE

KPU software is available in 4 different categories.

1.

Operaor consle, control unit, tape transport

KPU operating software for playback job control when

used as a stand-alone unit or connected to an SSP-11

system, handling:

o the input of playback parameters and instructions
from keyboard (operator dialog), paper tape or cards

o the data input from tape, including seismic format
conversion

¢ shotpoint and trace selection, image position

e control of timing lines and several kinds of standard
annotation at a seismic section

o conversion of linewise alphanumeric input to strips
for output

o complete hardware plot control by feeding the KPU
registers and response to KPU interrupts during
playback operation

Plotting unit

14

2. KPU application software within the SSP-11 system

including automatic seismic section labelling generated
from the processing documentation tape:

e line header
(suitable for both KPU and electrostatic plotter)
o side label

Fortran compatible software support for on-line KPU

operation in a user’'s system with a PDP-11:

o KPU driver routine to control all plotter functions
for one strip
(arbitrary sequence of plot modes, parallel operation
of the user’s program during plot)

o routine to convert user-supplied parameters into bit
patterns required for the KPU registers

The user must provide all data, parameters, and play-

back control tables for the current strip.

General application software available for all users:

o playback of satellite images, ERTS tape format hand-
ling, arbitrary grey level substitution, automatic
contrast enhancement, statistics, 4-strip combination

e input of standard text blocks from tape, insertion of
actual data before plot

e conversion and playback of raster images supplied
on tapes for electrostatic plotters

Digital encoder/decoder, cathode ray tube, drum with motor




Satellite image playback,
region: lake Bodensee and The Alps, Zurich at the left

s o -
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