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INTRODUCTION

We received a small amount of money to install a seismographic network in Katmai National
Park, Alaska, in order to study the relationship of earthquakes in the region to the volcanoes. This net-
work included 16 seismic channels in the first year and might be expanded over several years to 64 or
more channels. The existing options for recording these data are limited and expensive. Using indivi-
dual drum recorders or digital event recorders becomes cumbersome and expensive for more than a few
stations. Film recorders are difficult to maintain and are no longer commercially available. Most mag-
netic tape recorders are best suited for networks of less than 7 channels or more than 64. None of these
systems allow online detection and location of earthquakes. Digital computer systems have proven to be
the more desirable method to monitor and record data from such networks but have typically cost
between $50k and $100k. Given that the cost of computers has been rapidly declining while their pro-
cessing power has been escalating, we decided to try to develop a much lower cost computing system.
Our design ideas were heavily influenced by the time available. Funding for this network was received
in late April, 1987, and the system was installed in Alaska in early September, 1987. This document
describes briefly our design concepts and the specific design.

DESIGN PRINCIPLES

A major factor in the design of computer systems is the cost of the software both in terms of time
and programmers’ salary. Nearly all of the software that we need to detect, process online, and interac-
tively reprocess earthquake data exists and is running on a variety of minicomputers throughout the
world. Much of this software has been written on systems with virtual memory capability and it would
be difficult to trim these programs to fit computers with a severely limited address space. Thus our first
fundamental decision was that the system must have virtual memory capability (address space of at
least 16 megabytes) and should have a processing capability of at least 1 MIPS (Million Instructions Per
Second).

The next decision was that the processor must have true multi-user and multi-tasking capability so
that many programs could be run simultaneously without our software having to distribute system
resources. In this way the large pool of existing software could be implemented rapidly and the
configuration of software could be changed easily depending on need.

The third basic decision was to use the UNIX operating system (UNIX is a trademark of Bell
Laboratories). All of the software needed was already running under UNIX. UNIX has become the
industry standard portable, multi-user, multi-tasking operating system. Nearly all manufacturers of mini-
computers now sell and support UNIX for their hardware. IBM and Apple have announced their intent
to sell and support UNIX on the new generation of personalsu

microcomputers being introduced this year. Thus by chosing UNIX, not only can existing software be

readily ported to our system, but our system can then be readily ported to hundreds of models of com-
puters being developed by dozens of manufacturers. The choice of UNIX put some constraints on
design of the analog-to-digital converter as discussed below.

These decisions ruled out use of IBM PC, XT, and AT compatible and Apple II and Macintosh I
personal computers. We reconsidered this result carefully because, after all, these computers are inex-
pensive, widely available, and easily maintainable worldwide. These machines do not have sufficient
power for large seismic networks and programming to fit their addressing and processing limitations
would negate any apparent cost savings. Furthermore these systems are soon to be replaced by new
models that will meet the above criteria and that would make such special programming obsolete.
While there are good arguments for ultimately using such mass-produced computers, we decided that
the most expeditious way to proceed in 1987 was to do the development on the best machine available,
but to use industry standards so that we could readily port our system to whichever hardware was best
in the future.

The next decision involved how to interface the analog-to-digital converter (A/D) to the com-
puter. The standard approach for large microcomputers and minicomputers is via a bus such as VME
bus or Multibus. Processors using such high-performance buses, however, are typically expensive. The
most powerful and least expensive processors typically use the Small Computer Systems Interface or
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SCSI bus to connect to peripherals. SCSI is rapidly becoming an industry standard as increasing
numbers of disk drive and tape drive manufacturers are producing systems to connect directly to this
bus. Several manufacturers provide chips that do all of the low level interface to this bus so that inter-
facing a new device is relatively easy. SCSI will be available for many of the new generation personal
computers announced this year. We decided that if we could make our A/D look like a read-only disk
on the SCSI bus, then it could be readily interfaced to a wide variety of processors.

UNIX is not a realtime operating system. In other words it can not guarantee to service any
specific process on a set schedule within fractions of a second. In fact most multi-user, multi-tasking
operating systems are not as realtime oriented as single task processors. High performance A/D systems
get around this problem by using buffering. Thus we concluded that if the A/D could buffer data for as
much as a few seconds, it should be able to work properly even in a heavily laden UNIX environment.
Within UNIX it is possible to lock a given process in core and to give it the highest priority, so that it
will be serviced regularly.

Our design goal was to build a system capable of digitizing data from 128 seismic components at
a rate of 100 samples-per-second each. We wanted to use as many off-the-shelf components as possible
to reduce development time and to minimize cost.

OVERALL DESIGN

We researched all computer systems available that would meet the above criteria and would cost
under $20k including disk and tape subsystems. We concluded that the most mature and powerful (1.5
MIPS) processor available in mid 1987 for the lowest price was the SUN Microsystems Model 3/50
Workstation. This system with a floating-point processor, 4 megabytes of memory, 142 megabytes of
disk storage, and 60 megabytes of cartridge tape storage was available for about $10k.

We were unable to find a buffering A/D interfaced to the SCSI bus and were thus forced to build
our own. A/D chips, however, can be bought off the shelf, so that what we had to build was only an
A/D controller. SCSI controllers are also available off the shelf, but we were unable to get one within a
reasonable time period and thus had to build our own. The overall design of the A/D unit is shown in
Figure 1.

The dynamic range of the seismic telemetry system is less than 60db, so that a 12 bit A/D is
more than adequate. This leaves 4 bits of each 16 bit word unused. We decided to use these extra bits
to record time information. The Kinemetrics/True Time GOES Satellite Synchronized Clock (Model
468-DC) provides absolute time accurate to a millisecond and has an option for parallel output of the
time information in BCD format. Thus by using each set of 4 bits for one BCD digit, the complete time
of year from day of year thru millisecond can be encoded in 12 samples. The clock also puts out 4
error bits. Table 1 shows the information encoded in each sweep of 16 channels of seismic information.
The clock data are latched into registers at the beginning of each sweep and then added 4 bits at a time
to the A/D data stream. By placing the time information in the least significant bits, i.e. in the noise, the
data can be processed without removing the time information.

The A/D is a Burr-Brown SDM854 Hybrid Data Acquisition System that contains not only an
A/D, but a sample and hold amplifier, 16 channel multiplexer, clock, delay timer, and multiplexer
address latch. Each channel of this internal multiplexer can then receive data from an external multi-
plexer (Burr-Brown MPC16S CMOS Analog Multiplexer) giving input from up to 256 channels. For
ease of design and buffering, the number of channels in our system is selectable in units of 16, the
number of multiplexers active. Similarly the sample rate is adjustable only to 50, 100, or 200 samples
per second.

The output of the A/D and clock goes into a FIFO (Integrated Device Technology Model
IDT7202) to provide some flexibility in the processor’s response to the data stream. At high
throughputs near 25.6K samples per second, the processor might otherwise miss some samples.

Our initial idea was to use a large FIFO as the whole data buffer and use Programmable Array
Logic (PAL) to control the A/D and SCSI bus. The cost of 600K bytes of FIFO, however, is
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prohibitive. Furthermore the SCSI interface chip is designed to talk to a processor. Several people who
had designed SCSI interfaces advised us that debugging a PAL-based SCSI system would be very
difficult. Thus we decided to use a processor for buffering and control. The most inexpensive and well
proven processor readily available to us was an Intel 8088 in the form of an IBM-XT clone. A fully
configured XT was available for development with a cross assembler and a prom burner. Thus we could
write and compile the program in a standard working environment, burn a prom, and insert it into the
A/D. This established the physical configuration of the A/D as an XT clone case, power supply, and
motherboard containing processor and memory. We then used standard XT full-length plugin prototype
boards to hold the custom wire-wrap circuitry. All of these components were readily available over the
counter. In addition a serial RS-232 port board was purchased to provide printer output during debug-
ging of the SCSI interface. '

The wiring diagrams are shown in Appendix A. There are three types of boards. Board 1 is the
digital board (JDR Microdevices wirewrap prototype card model IBM-PR2) containing I/O interface
logic for the XT, timing logic, and SCSI interface. Board 2 is the analog board (JDR Microdevices
wirewrap prototype card model IBM-PR1) containing time source input, A/D converter, a DC-DC con-
verter for power regulation, buffers, and decoding circuitry. Board 3 (also model IBM-PR1) contains
multiplexers for 128 channels. Board 4 (not built) is a copy of Board 3 for 128 more channels.

The software that runs the processor as a standalone program is loaded in a 2K ROM and is listed
in Appendix B. It uses an 8K byte segment of processor memory (RAM) for program variables and the
remaining 632K bytes for buffer space.

A binary digital counter operates 8 LEDs that display the numbers of buffers waiting to be read
over the SCSI bus. A buffer is 4096 bytes. This display shows immediately how well the interface to
UNIX is working and whether the A/D is functioning properly.

The SCSI bus is very powerful and has numerous options, but it is not documented for beginners.
The bus is defined in a standard distributed by the American National Standards Institute, New York,
and described in a document called "Small Computer System Interface (ANSI X3.131-1986)". Delivery
from ANSI takes months, but the document can also be bought overnight at higher cost from Global
Engineering Documents in Santa Ana, California (800-854-7179). The standard is so broad that a sub-
set of the standard is being developed in a document called "Common Command Set of the
SCSI(X3T9.2/85-52 Rev 4.B)". Interface chips arc made by Western Digital (WD33C93), NCR
Microelectronics (NCR 53C80), and now other vendors. The vendors provide design manuals and sam-
ple software. We used the WD33C93 on the recommendation of several designers who thought it had
fewer bugs since it was developed later and because it had higher level commands. The greatest prob-
lem in the development of this A/D system was to clearly understand the SCSI bus and bus language.
Now that we have done it, it seems easy, but the documentation available is exceedingly terse and
assumes a prior knowledge. There is no question, however, that if we did it again, we would choose
SCSI. After all, we did figure it out in only a few weeks!

SUN SOFTWARE

SUN Microsystems Consulting Group sells a generic SCSI bus driver called CONSULT-SIP. The source
code is provided with a manual entitled "Software Interface Description to SCSI Intelligent Peri-
pherals". This code works under SUN release 3.2 of UNIX but does not work under release 3.4. We
spent considerable time discovering this fact and ended up reinstalling 3.2 and using it for this work.
SUN will be correcting the problems, caused by a major rewrite of the SCSI system drivers after
release 3.2. This software provides the appropriate interfaces for the C Language subroutine calls open,
close, read, write, and several options under ioctl (the IO control subroutine) that we used to identify
the A/D, to reset the A/D, and to report errors. - We designed the A/D interface to provide what this
software expected. Porting this device to another machine will require a similar appropriate driver. A
real benefit of the SCSI bus is that such a generic driver can be used. Writing a new SCSI bus driver
would be a major undertaking.
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PERFORMANCE
The noise on the analog channels was about 5 mv peak-to-peak with reference to a plus and minus §
volt maximum input causing jitter in the second data bit. Since the seismic signals input to the multi-
plexers had noise greater than this, no effort was made to reduce this noise.

The A/D was run for days into a program that read the header information, checking that the time
between samples was always between 9 and 11 milliseconds, checking that the multiplexer numbers
were sequential, and checking that the distinct numbers were always in their proper place. The only
errors found were traced to poor reception by the Satellite Clock due to a misaligned antenna and
automatic seeking between the two satellites. Over a period of hours the time between samples did not
change 8 specific times and then suddenly changed 80 milliseconds as the internal clock in the receiver
was resynchronized to the satellite. Reorientation of the antenna and setting the receiver to use only one
satellite corrected this problem. No loss of data by the A/D was ever detected.

Throughput of data proved to be no problem for up to 256 channels at 100 samples per second or
25.6K samples per second. The Burr-Brown Hybrid Data Acquisition System is rated at 27K sps. The
FIFO and processor had no problem maintaining this ratc because DMA channels were used and the
processor was dedicated to data collection and transmission. This rate would not be attainable using the
MSDOS operating system. The bandwidth of the SCSI bus is up to 4 megabytes per second with DMA
input and output. The SUN 3/50 was able to receive the data and write it to disk at 25.6K sps. For test-
ing purposes we installed a do loop in the main program on the SUN doing integer multiplies and
discovered that 4 such multiplies per sample could be done without losing data. There was some indica-
tion that data may have been lost by the disk at specific moments, perhaps during switching of disk
tracks. This problem was not regular, however, and we did not have time to investigate it fully. In
cases where the highest throughputs are required, it may be wise to use a higher cost SUN model
including a VME bus so that data is input on the SCSI and output to disk on the VME bus. Throughput
was influenced by system load. If the A/D reading program was run at standard priority (nice=0) and a
large amount of other disk or tape I/O or computing was going on simultaneously, the number of
buffers in the A/D would increase and decrease, sometimes causing buffer overflow. If the A/D program
was run at highest priority (nice= -10) this was rarely a problem and never a problem for less than 200
channels (20K sps). When buffer overflow occurs, the A/D sends an error message and continues to col-
lect data so that the buffer always contains the most recent data. The possibility of overflow can be
further decreased by a program called plock that is available from SUN Consulting to lock a process in
core. We did not buy or test the effect of this on throughput, because we never expected to use more
than 128 channels.

A standard long-term short-term detection program was used to select and save earthquake data
(Herriot, J. W, unpublished data). We could run 224 channels of data through this program without los-
ing data and using all of the system bandwidth. We tested the program extensively with data from 32
stations near Parkfield, California. Running the complete detection algorithm on all 32 stations and sav-
ing suspected events on disk used less than 10 percent of the computer resources. While this task was
running in background, we could use the rest of the computer resources for editing, compiling, and
other computing. We also modified this program so that the data was not only scanned with suspected
earthquakes saved to disk files, but also written continuously to magnetic tape. This allows us to collect
continuous data from the network when desired.

The only task that would backup buffers in the A/D was extensive use of the cartridge streamer
tape drive. This tape drive hogs the SCSI bus even while rewinding, a problem that should be corrected
by a better controller. A major feature of the SCSI bus is that when a device is asked to do something
that will take a long time, the device can disconnect from the bus and then reconnect once the data are
available. We use this feature in reading the A/D. The SUN requests one buffer (4096 bytes). If the
A/D does not have one ready, it disconnects and then reconnects when the buffer is ready. The tape
controller should do this but does not. Thus it is possible to lose some data from the A/D when writing
a very long cartridge tape. There may be ways to mitigate this problem, but in our case we concluded
that the problem was likely to occur so rarely, that we would not spend more time on it.

A program is listed in Appendix 3 that allows the A/D data to be displayed as it is collected and
also allows display of the events detected along with the response of the detector algorithm. This
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program provides for auto-scaling of the traces and shows the trace offset and scale. This program was
written quickly and has not been refined.
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Table 1: BCD codes added to the least-significant 4 bits of each
: data word. These 16 codes are added to each sweep of 16
channels.

Distinct number (15)
Multiplexer number
Days (100s)

Days (10s)

Days (1s)
Hours(10s)
Hours(1s)
Minutes(10s)
Minutes{1s)
Seconds(10s}
Seconds(is)
Milliseconds{100s)
Miliiseconds{10s)
Milliseconds(1s)
Error bits

Distinct number (ik)
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Appendix3
plotatodc

#include "../online/header.h"
struct header h;

#define MINETA (-50)
#define MAXETA 50
#define SHOWWIDTH 4
#define DECIM 2

#define NUMGET 4096
#define TAPEBLOCK 8192
#define XZERO O

#define BEGINTRACE 60
#define YZERO 65
#define XSIZE 1152
#define YSIZE 820
#define MAXCHAN 64
#define PERNOISE 100
#define GAINSWEEPS 1000
#define ATODDEV "/dev/rsipO"
#define BOUNDS 5

int numget=NUMGET;

struct stats {
int wirenum;
char name(5];
int discr;
} park[]l={
1,"KSv ",680,
2,"KBTE", 1020,
3, "KBTN", 1360,
4, "KBTV", 1700,
5, "KRBE", 2040,
6, "KRBN", 2380,
7, "KRBV", 2720,
8,"KsSM ",3060,
9,"KTP ", 680,
10, "KKCN", 1020,
11,"PUB ",1360,
12,"BLM ",1700,
13, "KKCE", 2040,
14, "KKCV", 2380,
15, "WWR ",2720,
16,"KKR “",3060,
17,"KDME", 400,
18, "KDMN", 404,
19, "KDMV", 346,
20, "XXXX", 347,
21, "XXXX", 462,
22, "XXXX", 466,
23, "XXXX", 585,
24, "XXXX",586,
25, "XXXx",587,
26, "XXXX",590,
27, "XXXX", 494,
28, "XXXX", 495,
29, "XXXX", 313,
30, "XxXxX",500,
31, "XXXX", 625,
32, "XXXX", 309,
}:

#define LOW4BITS OxF
#include <stdio.h>
#include <sys/file.h>
#include <sys/ioctl.h>
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plotatod.c

#include <signal.h>
#include <sys/types.h>

#include “/usr/sip/sundev/sipreg.h"
struct sip_errorcode sen;

#include <suntool/sunview.h>
#include <suntool/canvas.h>
#include <suntool/panel.h>
#include <suntool/icon.h>
#include <pixrect/pixrect_hs.h>

struct rect framesize = {XZERO,YZERO,XSIZE,YSIZE}; /* size and position of frame */
static int my_done=0;

static short seis_icon[]={

#include "seis.icon"

}:
DEFINE_ICON_FROM_IMAGE (my_icon, seis_icon);

char buf [TAPEBLOCK];
char decstr[][7]= {"","other ","3rd "}
int endit=0;

int intr=1;
onintr() {

intr=0;
}

static Notify value my frame_destroyer (frame,status)
Frame frame;
Destroy_ status status;

onintr();

if (endit) return(notify next destroy_func (frame,status)):;
notify veto_destroy(frame);

return (NOTIFY_DONE) ;

}

#define ATODIN 0
#define FILEOUT 1
#define FILESIN 10
#define TMPFILE 10
#define EQFILE 11
#define TAPEIN 12

[rmm o variables used in triggering calculations -----—=--==--- */
#define MAX STA 32

long ssum [MAX_STA]; /* short-term sums for one sweep */
long rsum [MAX STAJ]; /* rectified short-term sums */
int sbars [MAX STA}: /* regular short-term averages *x/
int rbars {MAX STA}]; /* rectified short-term averages */
int sbarbar [MAX_STA]; /* regular long-term averages */
int rbarbar [MAX STA]; /* rectified long-term averages */
int etas [MAX STA]; /* eta values for each station *x /
int ploteta [MAX STA]:;

int oploteta [MAX STA];

int sta_trigger [MAX STA]; /* individual station trigger *x/
int subnet{] = {3,0,1,2,3,4,5,6,7,-1,3,8,9,10,11,12,13,14,15,-1,3,16,
17,18,19,20,21,22,23,-1,3,24,25,26,27,28,29,30,31,-1,-1};

int eta_num = 2 ; /* numerator of eta constant */
int eta_den = 1 /* denominator of eta constant */
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 plotatedc
/* another eta constant
/* don't diff samps bef computatn */
/* secs of data for short term av */
/* secs for coincident statn trig */

int eta_con
int diffsam
int sweeps

int aperture = 2
int nsw_aperture,ns_sweep, sweep;

5
0
0.
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int dec;
int dev;

int ptr= -1;

int maxptr= -1;
float gain=0.0;
double atof():;
int first= -1;
int last= -1;
int print_ave=0;
int detector=0;
int percent=0;
int rate=100;
int trigged=0;
int plotx=1;

int yincr;

int firsttime=1;
int tapein=0;

main(argc,argv)
int argc;
char **argv;

int i;
signal (SIGINT, onintr) ;

dec=DECIM;
if (dec<l)dec=1;
if(argc==1) plotit (ATODDEV,NULL,ATCDIN);
else for(i=1l;i<argc;i++) {
endit=0;
ptr= -1;
maxptr= -1;
intr=1;
firsttime=1;
if (argv([i] [0)=="-") {
switch(argv{i] {1]) {
case 'd’: dec=atoi(argv([++i]):
if (dec<l)dec=1; break;
case ’'f’: first=atoi(argv[++i]l); break:;
case 'g’: gain =atof (argv[++i]); break;
case ’'1l’: last =atoi(argv[++i]); break:;
case 'p’: percent=atoi(argv[++i]); break;
case ’‘x’: plotx=atoi(argv[++i]); break;
case 'D’: detector=1l; dec=1l; break;
case 'P’: print_ave=l; break;
default: printf("plotatod: Unknown argument %s\n",argv[i]);
}
}
else if (strncmp("atod",argv[i], 4)==0)
plotit (ATODDEV,NULL, ATODIN) ;
else if(strncmp(“eq.",argviil, 3)==0)
plotit (argv[i]},NULL,EQFILE) ;
else if(strncmp("tmp",argv({i], 3)==0)
plotit (“*/usr/tmp/atod.out",NULL, TMPFILE) ;
else if(strncmp("tape®,argv([i],4)==0) ({
plotit ("/dev/rst0",NULL, TAPEIN) ; _
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numget=TAPEBLOCK;

else plotit (ATODDEV,argv{i],FILEOUT) ;

}

plotit (input, output, type)
char *input, *output;
int type;

int i, j,k,s,numchan, numst,numstin,ioc,yy,yyl, swidth, samp,nunm;
int ysize;

short *ibuf;

short x,x0,ex0,y[MAXCHAN], y0 [MAXCHAN], yzero;
char argp[16]:;

Frame frame;

Canvas canvas;

Pixwin *pw;

char frame_label[120];

Icon icon;

struct pr_prpos where;

struct pixfont *font;

int yz,xshow,dx,tempp;

extern char *malloc():;

long stasum[32],stamax[32],stamin([32];

float millivolts([32],const,val;

char temp[6],ttime[16];

int lastsam[MAX STA],thissam,diff, xcounts;

if (percent==0)percent=PERNOISE;
const=2048*16/5000; /* samples per millivolt including time 4 bits */
dev=open (input,O_RDONLY) ;
if (dev== -1) {
perror ("plotatod");
return(l) ;
}
if (type<FILESIN) {
ioc=ioctl (dev,SIPIOC_REZERO) ;
if (ioc== -1) perror("rezero");
}
if (type==EQFILE) {
ioc=read(dev, &h, HEADSIZE) ;
if (ioc!=HEADSIZE) {
perror ("reading eq.file header");
return(l);

}

ioc=read(dev,buf, numget) ;
if (ioc!=numget) {

perror("first read");

return(l);
}
ibuf=(short *)buf;
for (numchan=0, i=1;1i<257;i+=16) {

if ((j=ibuf[i]&LOW4BITS) > numchan) numchan=3j;
}
numchan++; /* number of multiplexers */
nunmst=numstin=numchan*16; /* number of channels */
printf ("Number of channels input is %d.\n",numst);
if (first>last) { tempp=first; first=last; last=tempp; }
if(last== -1 || last>numst)last=numst;
if (first<=0)first=1;
numst=last-first+1l; é;
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printf ("Plot channels %d through %d4.\n",first,last);
if (dec<4)sprintf (frame_label,
"Input from %s for %d channels and plotting every %spoint.",
input, numst, decstr[dec-1]);
else sprintf (frame_label,
"Input from %s for %d channels and plotting every %dth point.",
input, numst,dec) ;
yincr=(YSIZE-12) /numst;
ysize=yincr*numst+12;
framesize.r_ height=ysize+25;

printf ("Begin autoscaling by reading data for %d seconds.\n",GAINSWEEPS/100):
for(i=first-1;i<last;i++) {
stamax[i]= -10000;
stamin[i]=10000;
stasum[i]=0;
}
if (numchan<=2) { /* determine scaling of traces */
if (type>=FILESIN) {
close(dev):
dev=open (input, O_RDONLY) ;
if (dev== -1) perror("plotatod"):
if (type==EQFILE) ({
ioc=read(dev, &h, HEADSIZE) ;
if (ioc!=HEADSIZE)perror ("Reading header");
}
}
for (3j=0,num=1; j<GAINSWEEPS; j++, num++) {
ioc=getsweep (ibuf,numstin, 1, type);
if (ioc==EOQF) {
printf ("Only %d sweeps of data decimated by %d. \n", j,dec):
j=GAINSWEEPS-1;
}
for(i=first-1;i<last;i++) {
samp=ibuf[i];
if (samp<stamin([i])stamin[i]=samp;
if (samp>stamax[i])stamax[i)=samp;
stasum[i}+=samp;
if (j==GAINSWEEPS-1) {
stasum([i]=stasum([i]/num;
if (print_ave)printf("%$5s min=%5d max=%5d ave=%5d\n",
park([i] .name, stamin[i], stamax[i],stasum[i]);
/* calculate samples per pixel */
if (gain!=0.0) {
millivolts[i]l=gain;
stamin[i]=gain*const/yincr;
}
else {
millivolts[il=((stamax[i]-stamin[i])*100.0/percent)/const;
stamin[i]=(stamax[i]-stamin[i)) *100/ (percent*yincr);
}
if(stamin[i]l<1)stamin{i]=1;
sprintf (park([i] .name, "%$4s",park[i] .name);
}
/*printf("%x ",samp&LOW4BITS) ; */
}
/*printf ("\n");*/
}

}
font=pf_open("/usr/lib/fonts/fixedwidthfonts/screen.r.7");

where.pr=(Pixrect *) icon_get (¢émy_icon, ICON_IMAGE);
where.pos.x=2;

where.pos.y=60;

pf_text (where,PIX SRC, font,input);
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icon_set (&my_icon, ICON_IMAGE, where.pr,0):

frame=window_create (0, FRAME,

FRAME LABEL, frame_label,
FRAME_ICON, &my_icon,
FRAME OPEN_RECT, &framesize,
0);

canvas=window_create (frame, CANVAS,
CANVAS_AUTO_SHRINK, FALSE,
CANVAS_WIDTH, XSIZE,
CANVAS_HEIGHT, ysize,
0):

(void) notify interpose_destroy_func(frame,my_frame_ destroyer):;
pw=canvas_pixwin (canvas);
window_set (frame, WIN_SHOW, TRUE, 0) ;
yyl=0;
swidth=(XSIZE-BEGINTRACE+SHOWWIDTH) /SHOWWIDTH;
yzero=yincr/2;
for(i=0;i<numst;i++) yO[i]l=yzero+i * yincr;
dx=0;
yz=yincr/2;
pw_batch_on (pw) ;
xshow=BEGINTRACE+swidth;
yzero=0;
for(i=first-1;i<last;i++) {
pw_vector(pw, 0, yzero, BEGINTRACE, yzero,PIX SRC,1);
pw_text (pw, 1, yzero+yz+6,PIX_SRC,NULL,park([i] .name) ;
sprintf (temp, "$3.0£", (float)stasum[i] /const);
pw_text (pw, 35, yzero+yz+8,PIX SRC, font, temp);
sprintf (temp,"%$3.0£f", millivolts([i]);
pw_text (pw, 35,yzero+yz-1,PIX SRC, font,temp);
yzero+=yincr;
}
printf ("Now begin plotting data.\n"):;
pw_vector(pw, 0, yzero, BEGINTRACE, yzero,PIX SRC,1);
if (type<FILESIN) {
ioc=ioctl (dev, SIPIOC_REZERO, argp) ;
if (ioc== -~1) perror("rezero"):;
}
else {
close (dev) ;
dev=open (input, 0 _RDONLY) ;
if (dev== ~1) perror("plotatod”);
if (type==EQFILE) {
ioc=read(dev, &h, HEADSIZE) ;
}
}
ptr= -1; /* reset getsweep */
maxptr= -1;

if (detector) {
ns_sweep = (sweeps * rate) / dec; /* Note: decim div */

nsw_aperture = aperture / sweeps; /* aperture of sweeps */
}
x=BEGINTRACE;
x0=BEGINTRACE;
ex0=BEGINTRACE;
sweep=0;
xcounts=0;
while(intr && ((ioc=getsweep (ibuf,numstin,dec,type)) !=EOF) ) {
yzero=yz;
if (x==BEGINTRACE) {
for (i=0, j=2;i<15;i++) |
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if(i==3 || i==8)ttime[il=’ ';
else if (i==11)ttime[il='.’;

else ttime[i]=(char) (ibuf[j++]&LOW4BITS)+’'0’;

}
ttime[15]1='\0';
}
if (detector) {

for(s=first-1; s<last; s++){ /* just some stations */
samp = ibuf(s]: /* get a2d sample -x/
if (diffsam) { /* use differences? */
thissam = samp; /* save curr sample */
samp = thissam - lastsam[s]:;/* diff with last */
lastsam([s] = thissam;
} /* remember last samp */
diff = samp - sbarbar(s]: /* diff for abs func */
ssum[s] += samp; /* add to reg sums x/
rsums] += diff<0? -diff:diff; /* and rectified sums */
}
if (++sweep == ns_sweep) {
sweep=0;

if( trigger() ) {
pw_text (pw, x,ysize-1,PIX SRC,NULL, "TRIGGER") ;
}
}
}
for(i=first-1;i<last;i++) {
yy=yzero-((ibuf{i]-stasum[i])/ stamin[i]):;
pw_vector (pw,x0,y0{i}, x,yy,PIX SRC,1);
if (detector && trigged) {
if (ploteta([i]>0) {
pw_vector (pw, ex0, yzero-oploteta[i], ex0,yzero~ploteta[i],PIX SRC,1);
if (x<ex0) {
pw_vector (pw, ex0, yzero-ploteta([i],XSI2E-2,yzero-ploteta[i] ,PIX_ SRC,1);
pw_vector (pw, BEGINTRACE, yzero-ploteta[il, x,yzero-ploteta[i],PIX_SRC,1);

}
else pw_vector (pw,ex0,yzero-ploteta(i],x,yzero-ploteta[i],PIX SRC,1);

}
oploteta[i]=plotetali]:
if(i==(last~-1))ex0=x;
}
yoli)=yy;
yzero+=yincr;
}
trigged=0;
x0=x;
if (++xcounts>=plotx) {xcounts=0; x+=dec;}
if (x>=xshow) {
pw_text (pw, BEGINTRACE, ysize~1,PIX SRC,NULL,ttime);
pw_show (pw) ;
if (x>=XSIZE) {
x=BEGINTRACE;
x0=BEGINTRACE;
x5how=BEGINTRACE+swidth;
pw_writebackground (pw, BEGINTRACE, 0, swidth+10,ysize,PIX_SRC);
}
else {
xshow+=swidth;
pw_writebackground(pw,x,0,swidth+10,ysize,PIX SRC);
}
}
(void)notify dispatch():;
}
if(intr) |
notify dispatch():
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pw_batch_off (pw):
endit=1;
window main_loop (frame) ;
}
close (dev) ;
}

static short *ibuffr;

int getsweep (buffer, numch,decim, type)
short *buffer:;
int numch,decim, type;

register 1i,1ii;
int got,next;

ptr+=numch*decim-numch;
for (i=0;i<numch;i++) {
if (ptr<maxptr)buffer[il=ibuffr[ptr++];
else {
got=read(dev,buf, numget) ;
if(intr==0) return (EOF) ;
ibuffr=(short *)buf;
if (got<numget) {
if (type<FILESIN) {
got=ioctl (dev, SIPIOC_GETERRC, &sen) ;
if (sen.siperr_sensekey ==4) {
printf (" AtoD buffer overflow. Resetting.\n");
got=ioctl (dev, SIPIOC_REZERO) ;
if (got== -1) perror("plotatod.rezero");
}
}
else return(EOF);
}
ptr=ptr-maxptr;
maxptr=(got/2):;
buffer[i]=ibuffr([ptr++];
}

}
return(0);

trigger() { /* calc etas, station and master triggers */
register i, s; /* return: l=master trigger, O=no trigger */
int eta, sbar, rbar, new_sbarbar, new_rbarbar, thresh;

if (firsttime) {
for(s=first-1; s< last; s++) {
sbarbar([s]=ssum[s]/ns_sweep;
rbarbar([s]=rsum(s]/ns_sweep; }
firsttime=0;
oploteta[s]= MINETA* (yincr-BOUNDS) / (MAXETA-MINETA) ;
return(0); }

trigged=1;

for(s=first-1; s< last; s++) {
sbar=ssum[s]/ns_sweep;
rbar=rsum[s]/ns_sweep;

eta = rbar -
(eta_num * rbarbar(s]) / eta_den -
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new_sbarbar = (sbar + 7 * sbarbar(s]) / 8; /* weighted avg */

if (new_sbarbar == sbarbar(s]){ /* if no change */
if (sbar > new_sbarbar)new sbarbar++; /* favor sbar... */
if (sbar < new_sbarbar)new_sbarbar--; } /* over long avg */
new_rbarbar = (rbar + 7 * rbarbar[s]) / 8; /* weighted avg */
if (new_rbarbar == rbarbar(s]) { /* if no change . */
if (rbar > new_rbarbar)new_rbarbar++; /* favor sbar... */
if (rbar < new_rbarbar)new_rbarbar--; } /* over long avg */

sbarbar([s] = new_sbarbar;
rbarbar([s}] = new_rbarbar;

if (sta_trigger[s])sta_trigger(s]--; /* age trigger */

if (eta > 0)sta_trigger[s] = nsw_aperture; /* set statn trig */
L]

etas[s]l=eta; sbars[s]=sbar; rbars[s]=rbar; /* save for diagn */

ploteta([sl=eta;

if (ploteta[s]< MINETA)ploteta[s]=MINETA;

if (ploteta[s]> MAXETA)ploteta[s]=MAXETA;
ploteta([s]=ploteta(s]* (yincr—BOUNDS) / (MAXETA-MINETA) ;

/* loop thru subnet vector looking for a particular subnet
* whose number of triggered stations is >= to thresh for that net.
* Structure of subnet where thresh=threshhold and sn=station num is:

* <thresh> <sn> <sn> ... -1 <thresh> <sn> <sn> ... -1 ... -1 -1
* jie, thresh-sn groups separated by -1 all terminated by -1 -1
*/
i=0;
while ( (thresh = subnet[i++]) != -1)
while( (s = subnet [i++]) = -1)
if( (thresh -= sta_trigger([s] > 0 ) <= 0)return(l);

return(0);
}

int trig_on(){};
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