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9. Appendix C: Script cutpaste and Examples of Its Use

The following listing is the cut-and-paste event-cxtraction script "cutpaste”®, used to generale event files from
continuous-record files. A copy of the cutpaste script is in anonymous ffp on computer “andreas.wr.usgs.gov", in
file "~ftp/pub/outgoing/evansfevent_extraction/cutpaste/cutpaste”. This Open-File Report serves to release them
to the public, subject to the limitations cited on the title page. Following the cutpaste listing is a short example
of a script that calls cutpaste for the desired events. Such calling scripts form a sufficient record of extraction
activities and comments (e.g., Table 3 is derived from our own cuipaste-calling scripts).

Listing of cutpaste Script

#!/bin/sh

#

# Merge file for STS-2, SV/H-1, or OMG-3ESP data.

#

# Usage:

# cutpaste ( 123 1 456 ) dddd ( sts2 | svhl | 3esp ) ssss YY JJ) hh mm ss rrr "blah blah"
f#f argc: 123 4 5 6 7 8 91011 12 i3
¥

# where “1 2 3" or "4 5 6" are the 1riplet of channels to convert,

# "dddd” is the 4-digit serial number of the DAS, "s1s2", "svhl", or

"3esp” are the respective instrument type, "ssss” is the station name,

"YY JJJ hh rm ss" is the start time of the file, and "rrr" is the

length of record to produce (seconds), and "blah blah" is 2 comment.

Produces cut and pasted SBG-Y files (one per channel)}, named
“YWMD. hlmmmss . <5152 /svhl|3esp>.5555.<11213141516>" and a single
cut and pasted ah file (containing three channels), named
"YWMD. hlhmmss.<sts2isvhl |3esp>.s555.ah"”,

H* M B BN R R

# Bugs: does no checking, just hammers sway. Assumes you are asking for
# something reasonable and are in the right directory.

#

# SBG-Y filename format: R<Julian day>.<stream number>/hh.mm.ss.dddd. ¢
#

# Changed output filename format (reversed station and instrument fields)
# on 01 Sept 93 to make segy2ah pick up the correct station name (which
# it takes fram the second-to-last “."-separated field). No change to
# 1nput format (still jug then site).

#

dest=/passcall0/data/SFT/extracts # Destination directory

#

prog=30

Y=5§1

shift ; N=§1

shift ; E=§1

shift ; DAS=§1

shift ; jup=$1

shift ; site=§]

shift ; YY=§1

shift ; JII=%]

shift ; hh=%1

shift ; mm=§1

shift ; ss=31

shift ; len=%1

shift ; cooment=$1
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#
echo "weawrcaaaaaan fpwd® - e e
echo "Sprog SV SN SE  SDAS $jup Ssite  SYY:$3FJJ:3hh:Sam:$ss $len
#

if [ -f *1s *.$DAS,[SVSNSE] | head -1* }; then
echo "Processing..."
segymerge -c¢ *.SDAS.SV -5 SYY:$JIJ:Shh:Smm:$ss -1 Slen -t 1 > SYYSTJT.ShhSmmSss.$jug.Ssite.SV
segymerge -c *.3DAS. SN -5 $YY:$JJJ:Shh:8mm:3ss -1 Slen -t 1 > $YYSJIJ.ShhimmSss.$jug.8site.SN
segymerge -c¢ *.$DAS SE -5 SYY:$JJJ:Shh:Sam:$ss -1 $len -t 1 > SYYSJJJY.ShhSmmSss.$jug.8site.SE
#
if [ -f 'ls $YY$JJJ.$hh&mmS$ss.$jug.$site. [SVINSE] | head -1* ]; then
segy2eh SYY$JIJ.Shhbm$ss.$jug. $site. [ SVENIE]
cai SYYSJJJ.$hhSmmdss.$jug.$site. [SVSNSE].ah > SYYSJJJ.$hhdnmbss.$jug.$site. ah
/bin/m SYY$IJT S$hhémmSss.$jug.3site. [SVINSE] . ah

H I

Should discard O-length files here...

echo 'NMoving to $dest;”

s -la SYY$JJJ.ShhimmSss.$jug.$site. [FVINIE] $YYSJIJ.PhhSnmSss.$jug.$site.ah

mv -i $YY$JJJ.ShhSmmSss.5jug.$site. [SVENSE] SYYSJIT . $hhSmmSss.8jug.Ssite.ah $dest
6 |

fi

Example of cutpaste Usage

#!1/bin/csh

# Run a series of the cutpaste script, starting from directory above
# those {e.g., R216.01} created by ref2sepy.

#
FEEABBHUUERRABRRRARRHBRBBRBERRR B BRI R R RS F R R R R R R R R R E 4
# L=local, R=regional, T=teleseism, (L/R at about 5-P = 10 s;

# R/T at about distance 3-6 degrees, based on frequency content).

4 )

# L/R generated from CalNet listings via shell "seltran”, which

# calls "gfetch” and "swm2¢ut” (Appendix D).

# R/T generated fron USGS CED (NEIS) system lists, via program "dz"

# (Appendix E).

REBREGHARER BB BB R BB RURRRBURGRERBRRRBRB BB RBRERRBBBRUR SR UHB RS R BB EH
#

# Start 216:20:13:47

#

# 04 August 93

cd R216.01

#

cutpaste 123 T064 s152 515 93 216 20 20 O7 099 "v smCalNet L/R, m2.7 d1.57 h4.9"
#

# 05 August 93

ed .. /R217.01

# :

cutpaste 123 T064 s182 sftS 93 217 10 19 31 120 "sm CalNet L/R, m2.8 d2.00 h9.1
cutpaste 123 2064 5152 s5ft5 93 217 18 43 58 094 "sm CalNet L/R, ml.9 d0.75 h0.9’
#

# 06 August 93

ed .. /R218.01

#
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cutpaste 123 7064 st152 sft5 03 218 00 31 45 150 “"CalNet L/R, m3.1 d2.06 hl5.4"
# Unidentified surface wave ~03:34 (similar to offshore N. CA evenis of late)

cutpaste 123 7064 s51s2 sfi5 93 218 11 01 42 028 “sm CalNet L/R, m2.6 d1.45 h8.4"
cutpaste 123 7064 s152 sft5 93 218 23 34 3t 093 *CalNet L/R, m2.6 d0.54 h7.2"

#

# SPANS DAY BREAK (002320 070*20):

cutpaste 123 7064 st sft5 93 219 00 12 21 6100 “nice T, @NRITHEAST OF TAIMAN"
#

# 07 August 93

ed .. JR219,.01

#

cutpaste 123 7064 sts2 sftS 93 219 06 16 00 1560 T, OFF QOAST OF JALISCD, MEXID
cutpaste 123 T064 sts2 sft5 g3 219 13 43 30 120 "CalNet L/E, m3.5 d1.39 hig._ 4"
cutpaste 123 7064 5152 sft5 93 219 18 03 00 15420 “T, @OUTH OF FIJI ISLANDG"

#

# 08 August 93

cd ../R220.01

K

# Ignore "T, @MIINAHASSA PENINSULA, SULARESI] nG5.4/4.9 d112 h62; weak spectral-only surface wave”
cutpaste 123 7064 st152 sftS 93 220 08 45 55 23650 T, @COUIH OF MARIANA ISLANDS (GUAM) "
123 7064 sts2 sfid 93 220 20 14 40 4340 T, @MRIANA ISLANDS™

cutpaste

¥

# 09 August 93

cd ../R221.01

#

cutpaste 123 7064 sts2 sfis 93 221 02 19 15 195 “CalNet L/R, m3.0 d2.07 hl5.4"
cutpaste 123 7064 sts2 sfid 93 221 02 49 00 900 "Unidentified surface wave”

cutpaste 123 7064 sts2 sfi15 93 221 05 32 45 150 "CalNet L/R, m3.0 d2.46 h2.5"
cutpaste 123 7064 sts2 sftd 63 221 09 26 42 4160 T, @HBRIANA TSLANDS m5.3/5.5 d84 hé60”
cutpasle 123 7064 sts2 s5ftd 03 221 11 50 00 12300 T, @HINDU KUSH REGICN”

cutpaste 123 7064 sts2 sftS 93 221 21 40 18 094 "CalNet L/R, m2.1 d0.69 h5.4"
cutpaste 123 7064 sts2 sfis 93 221 23 (08 41 0599 “v sm CalNet L/R, m2.1 d1.53 hl12.9"
#

# 10 August 93

cd ../R222.01

¥

cutpaste 123 7064 5182 sfi5 93 222 01 04 57 15603 "T, @FF W, Q0AST OF 5. ISLAND, N.2°
culpaste 123 7064 sts2 sft5 93 222 05 52 56 101 "“CalNet L/R, m2.6 d1.98 h0.1"
cutpaste 123 7064 sts2 sft5 93 222 09 04 50 12970 "T, @RARIANA ISLANXS"

#

# Stop 222:18:41:27
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10. Appendix D: Script seltran and Program sumZcut Source Code

The script seltran runs USGS program gfetch, which finds the most current CalNet local-earthquake information
for a specified date range. This result is piped to USGS program gselect to extract two distance-magnitude sets,
The selected event summary lines are finally translated by program sum2cut, listed below, into the form used by
shell cutpaste to extract events from the continuous data stream.

Both the source code and the script are available via anonymous fip from “andreas.wr.usgs.gov” in directory
"-.ftp/pubjoutgoing/evans/event_extraction”. This Open-File Report serves 10 release them io the public, subject
to the limitations cited on the title page.

Script seltran

#1/bin/csh

# Shell 1o gather events for extraction from SFT continuous data.
#

# Run two annuli about SFT5, taking all events of M>=2.0 out to
§ 200 kn, and M.>=3.5 fram 200 to 400 km. Then run sumlcut on

# each file to convert formats and set time windows.

#

# USAE: seltran datel date2 > oulput _file

# $1 $2

# Forrmt of dates is that of gqfetch: [OC]YYWMDhhmrmss(+-offset]
#

# John R. Evans, USGS, Menlo Park, 09/93.

#

rsh -n andreas "gfetch -time $1 $2 | ©
gselect -magnitude 2.0 10.0 -delta 37.505053 -121.328514 0.0 200.0" > \
seltran. templ.xxx

#

rsh -n andreas "gfetich -time $1 $2 | \
qselect -magnitude 3.5 10.0 -delta 37.505053 -121.328514 200.01 400.0% >> \
seltran. tenpl . xXxX

#

sort seliran.templ.xxx > seltran. temp2. xxx

jhin/rm seltran. templ.xxx

&

suri2cut < seltran. temp.xxx

/bin/rm seltran. temp2 . xxx

Source Code of sumZcut Follows:




sum2eut . ¢

!
L3

BUGS:

* & % K K % ¥ = & B K ¥

!

station coordinates list hardwlred.
R5TA appropriately.

Fri Oct 8 09:59:14 1533

SUMZCUT (SUMmary card to CUTpagte formatter?

USAGE: seltran < gummary_cards > output_flle

Update CENTURY appropriately.

finclude <gtdic,h>

#include <math.n>

#include <string.h>

#include <leccal/lecal.h>
#include <lecal/stdtyp.h>
§include <local/mathconst,h>
¢include <local/date_time.h>

sdefine MAX{a,b) ({{a)>(b}} ? (a} : (b))

#define MAXBUFP 40 /* decode.h buffer size * f

finclede <local/deccde.h>

$define STR_LEN 256 /* Maximum scratch-string length */

fdefine CENTURY 1900

/* Coordinates of possible station{s} from

which to calculate delta and azimuth */

sdafine SFT2NAM “rft 2™

tdefine SFT2LAT a7,153042

sdafine SFT2LON -121.812232

fdefine SFT2ELEV 518

fdefine SFIT4ANAM “efrd"

ddefine SFT4LAT 37.38883

ddefine SFT4LON ~121.49450

ddaefine SFTA4ELEV 660

#definae SFTSMAM mgfrh™

fdefina SFTSLAT 37.505053

§deflne SFTSLON ~121.328514

4define SFTSELEV 312

#dafine NSTA K|

typadel struct { /* Station infermation v/
char code [5]); f* Name */
deuble lat: /* Locatlon {(+N, degrees) *
double lon; /v {+E, degreas} ¥
double elev; /* meters */

] STA;

typedef struct | /* Station information w/
TIME H /* Origin tima *f
double lat; /* Epicenter (+H, degrees) */
doub:le lon? /* (+E, degrees) */

} EVENT;

$cdefine strneq |strncmp
vold datime {)} /* -1q (YMDhmsz <- epochall *f
void delaz{); /v =lg {geocen.c) ¥
vald error{): /* =1q {errar.c) . f
vold axit il /* UNIX € library . f
bocl isleapi) - i* =1q *
void read_av(}? /* Deflned below */
vold refptii; /* -1q (geccen.c) *f
TIME timvar{}: /*» =1g (YMDhms -> epochal) v/

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

i
char in_str(STR_LEN]); /* Input buffer *Jf
Int styr, stmo, atday, ethr, stmn;
double strecy
doubie delta, az0, azl;
int yr, mo, day, hr, mn, Jday;
double =sec, lat, lon;
double depth, mag;
double Ptime;

cChange 5TA structure,

and

/* Larger value 3/

-3 .




|

sum2¢cut . ¢ Fri Cct 8§ 09:59:14 1993 -24 -

int secl, dur:
TIME BLart _t;

int il; /% Dummy *f
STA Etaticns!10]; /* Station 1ist *f
/* Bulld station liet the dumb way */

[vaidlstrncpy{stntinns{ﬂ].cnde, SrT2NAM, 5):
Btations(0),lac = SFY2LAT;

stationsf®].lon = SFT2LON;

Etatlons[0).eley = SFTZ2ELEV:

{vnid}strncpytstatinns[l].cude, SFTANRM, S);
gtatione[l].lat = SFTA4LAT;

statlons{l].lon =~ SFPT4LOCN:

stations[l}.aley = SEFT4ELEV;

{vnid}strncpytstatinnn[:l.cnde, EFTSNAM, 53
etaticens[2].lat = SPTSLAT:

etations[2].lon = SFTSLON:

stations[2].elev = SFTSELEV:

1f {arge > 1%
error ([(“Usage: &5 < Eumhmary cards > output_file™, argwio]l:

f* Main loop--read summary card, cutput NSTA cutpaste llpes */
whila{fuetslinqﬁtr, sizenf{in_strl. stdin) i= NULL) {
read eviin_str, &yr, tmo, &day, &hr, Emn, Esec,
&lat, &lon, &depth, kmag) ;

/* Loop over atations for output =/
Tor (11 = 0 7 41 < NSTA ; 144} |{

/* Infer record window -/

fdefine PAD BEG 30.0 /* Pad record window at froent */

tdefline PAL_END €0.0 /* Pad record window at rear “/

ddefine DEG2ZKM 111.2

fdefine P VEL 5.0 /* Hominal P velocity {km/s} * f

tdefine LR_VEL 26.16 /* Nominal surface-wave veloclity
(s/degreas) */

refpu{{statiens[1i{}.lat + RAD), (statlonsz[ii).lon * RAD}):
delaz{lat * RAD, lon * RAD, kdelta, £az0, gazl};

delta *= DEG:

azd *= DEG:

az] *= DEG:

/* Btart at -P time - PAD BEG */

Ftime = delta * DEGZKM / F_VEL;

start_t = timvar {CENTURY + yr, mo, day, hr, mn, sec,
GREGORIAN) ;

Etart t += Ptime - PAD BEG;

(vold}datime (start t,
&styr, &stme, &stday, &sthr, sstmn, istsec,
GREGORIAN) ;

Jday = yrday (rtme, stday, leleap{styr, GREGORIANY }

fecl = stgec;

/* End at nominal surface-wave time + PAD END */
dur = {delta * LR VEL - Ptime] + PAD BEG + PAD END;

/* Qutput =/
{(vold)princt ¢
"cutpaste 123 dddd {434 s -
stations[i1i].cede);
(veldiprintfi
“£2d &03g 402d %02d %024 %03d  \“CalNet L/R, r
Etyr - CERTURY, ijday, sthr, =stmn, secl, duri:
{veldiprincf
“mE2.11T A%, 211 h%.11f, B45.21 fN&7.21fE\"\n",
mag, delta, depth, lat, lon:

}

retutrn {0) »
|

ft
* Read an event line from QEDs defaulting numbers te zere and

* BLrings to null if not present. Returns TRUE if it seems to
“ be an event line, otherw!se FALSE.

30408 0032 53.41 37 21.36 121 43.04 B.24 1.6 42 sea 3, 0.07 0.1 0.4 A2

0726 0310 1B.27 36 o0. 92 121 35,26 8.16 2.3 60 39 3. 0.16 0.2 0,4 B2
/
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sum?cut.c Fri Oct 8 09:59:14 1993 - 25 -

vold

read ev(in_str, yr, mo, dJday, hr, mn, sec, lat, lon, depth, mag)
char in_setrfl; f* Input buffer ./
int *yy, smo, *day, *hr, *mn; /* Origin time */
double “Eec:
deouble =*lat, *lon? /* Eplcenter "/
doubla *depth; f* h {km} W/
double *mag; S ML L

double latm, lonm;

yr o= O;
*mo = 07
*day = 0;
thr = D;
“mn = D;
“gec = 0,
*lat = 0,
*lon = 0.

0.

- R

*daepth
*mag =

0:

O OO0k

*yr = DECODE {in _str, 2, atoi};

*mo = DECODE({{in_str + 2), 2, atol);

sday = DECODE({in_str + 4}, 2, atel};

*hr = DECODE({(in_str + 7}, 2, atol);

*mn = DECODE ((in_s&tr + 9}, 2, atol);

ngec = (doukle)DECODE((in str + 12}, 5, atof};
*lat = {double)DECCDE((in str + 1B), 2, atecf};
latm = (double)DECCDE({{in_str + 21}, 5, atof);
*jat = *lat + latm J 60.;

*lon = (double)DECODE({in_str + 27}, 3, atef)s
lonm = (double)DECODE{{in_str + 31}, 5, atol);
*lon = —{*lon + lomm / 60.}) f* Make E+ */f
*depth = {double)DECODE{{in_str + 38), 5, atof);
“mag = {double}DECODE((ln_str + 46), 3, atcof};




Makefile Fri Oct B8 05:59:09 1933 - 26 -

L 1

iy PR R NN NN NN NN PR N O JER NG NN NNy Ny JER NN L JER NS NN NN NN NN SR JUR PEN NER JENY U NS USSR

Generlc Makeflle for programs.
Works for any mix of sun3, sund, Fortran, and C (I hopel).

"make install™ falla the first time unless the executable has
already been copied to 5(BINDIR).

The followlng 15 regulred iIn the uger's .cshre:

satanvy ARCH */blnfarch*®
1f{ SARCH == “guni™} then
eatanvy FLOAT —-f&HEBE1
elep
setenv FLOAT =™
endlf
setenv DIR _USR /usr/local
setenv DIR_SRC sfusr/src/local

ik ol ole mle min ol sl A A ' e W e ol ol o ol o

£77

cC

-u $ (FLOAT) -DS {ARCH)
${FLOAT) -D$ (ARCH) =g
5 (DIR_USR)

CFLAGS
BINDIR

+y

i

k]

L]
11 b0}

PROG
SRCARC

EUumZ2cut
L (PRCG) .5rc.a

FSRCS -
CSRCS = Eum2éut,.
SCRIPT = meltran

OBJECTS = S{FSRCS:§.f=5(ARCH)/%.0) 5[CS5RCS5:%.c=5{ARCH)] /%.0)

LIBS = -lg -im
LLIBS = 5(LIBS)

THCLE -

OTHERS = Makeflle ${SCRIFT}.sh 5{INCLS)
OTHERBIN=

§ b = enscript =r2 =p=-

S{ARCH} /S {PRUG) 1 S {OBJECTS)
${CC} S(CFLAGS) % ([CBJECTS)} §(LIBS} -o 54

S(EBJRECTS}  S{INCL3S)}

S(ARCH) /%.0: k.=
S{CC) SICFLAGS) =Cc S$(8F:.o=.0} =0 5@

5 [ARCH} /%.0:1 &.f
5{FC} S{FFLAGS) —-c $(@F:.ow=.f} -0 58

install: ${ARCH) /inatall 5 (ARCH) /5{PROG) 5{SCRIPT).Eh
$ bin/rm Install
3 | ln =& 5(ARCH) finstall install
/bin/mv S${BINDIR)/%(FROG} S({BINDIR)/${PROG).old
cp S {ARCH}/5{(PROG) % (BINDIR)
chmod 755 §{BINDIR) /& (FROG)
cp S5 {SCRIPT}.eh S({BINDIR}/S{SCRIPT)
chmed 755 S{BINDIR)/5{SCRIPT)
Atouch lnstall
ftouch % (ARCH) /inetall

4 CAUTION: do not run “make clean* on more than one machine at a time:
f the archive commands {(*ar*) might conflict.
clean:

fBin/rtm ${ARCH) /% (PROG)Y % {OBJELTS) 5 (BINDIR) /S (PRDG).old

ar ruy 5 (S5RCARC) S(FS5RCS} S5(CSRCS) $(OTHERS) ${CTHERBIM)

lint: S(F5RCSY S (CSRCS) 5{INCLS)
fuer/bin/lint -xh -u $(FSRCS) S{CSRCS) %{LLIBS) > lint

print: S(FSRCS) 5 (CSRCS) S(OTHERS)
] pr -166 52 | 5P

enscript §2

ftecuch print

printall;:

¥ Ppr =166 5 {FERCS} S (CS5RCS) S (OTHERS) | 5P
enseript §(FSRCS} 5{CSRCS) 5 (OTHERS)
ftouch print

printexport:
pr -t S(FS5RCS)} 5 {CSRCS) S {CTHERS}
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11. Appendix E: Program 4z Example and Source Code

This program reads listings produced from the USGS/NEIS on-line hypocenier reporting service called QED,
and produces input appropriate for the cutpaste script. The QED service can be reached via the Intenet by "tel-
net neis.cr.usgs.gov”, and logging in as user "QED". Select option "q", give your name and institution, select
option "d" to specify a date window, and finally select option "g" ("go") to obtain the needed event listing. Use
" text-selection options on your workstation to copy the listing to a file that is then passed to dz {edit out all but
date and event lines). An example of such an (edited) listing (accessed 23 December 1993) and the resulting

output from dz follow:

Example of Input to dz
orC 18
032212.9 38.824N 122.75W G 1.1 35 NORTHERN CALIFORNIA. M. 3.1
205356.0 63.36IN 149.81W 100 4.3 G.8 41 CENTRAL ALASKA
211028.7 62.918N 150.663W 1367 0.8 15 (ENIRAL ALASEA
224419.9 20.571S 173.880TW 33N 5.6 5.7 1.1 82 TONGA ISLANDS
CeC 19
072144.1% 15.353N 94.27W 33N 4.1 0.7 15 NEAR QDAST OF QAXACA, MEXICD
080314.1 63.348N 151.24IW 10G 4.1 0.7 21 CENTRAL ALASKA
083855.7 37.636N 118.833W 5G 1.0 41 CALTRERNIA-NEVADA BCRDER REGICN.
103134.17 7.29 N 126.69 E 33N 5.3 4.9 1.3 25 MINDANAO, PHILIPPINE ISLANDS
114532.1 25.213N 62.614E 33N 5.2 5.1 1.0 46 SOUTHAESTERN PAKISTAN
DeC 20
003659 .8% 51.750N 174.986W 33N 4.3 1.2 12 ANDREANDF ISLANDS, ALEUTIAN IS.
030352.3 42.118N 122.028W 5G 0.7 12 GRBIN. ML 2.9 {GS).
083406.8 61.882N 150.57W 60G 0.5 13 SOUTHERN ALASKA
135619.3 6.7525 131.314E 33N 6.0 5.8 1.2 82 TANIMBAR ISLANDS REG.,
155657 .7 62.206N 150.473W 106G 0.9 38 CENTRAL ALASKA. ML 3.4 (AEIC).
173659.7 32.333N 115.404W 5G 0.6 14 CALIF.-BAJA CALIF. BCRIER

Resulting Output from 4z
WYY/MW/ID hh:nm:ss.ss Lat, N Long,W h,km mb Ms delta azimmth F-E region

**mpt#

1993712718 03:22:12.90 38.824 -122.757 5 0.0 0.0 1.732 320.024 NERTHERN CALIRORNIA
1993/12/18 20:53:56.00 63.361 -149.817 100 4.3 0.0 31.038 335.495 CENIRAL ALASKA
1993712718 21:10:28.70 62.918 -150.663 136 0.0 0.0 31,027 334,360 CENIRAL ALASKA

1993/12/18 22:44:19.90 -20.571 -173.881 33 5.6 5.7 76.251 229.926 TINGA ISLANDS
(Delte/back-azm: sft2=075.730/229.638, sf14=076.075/229.826, sft5=076.251/229.926)

delta # code time(s) {min s) dJt/dD hh:mm: 55.55

T6.25 1 P 705.26 11 45.26 5.6799 22:56:05.16
2 pP 715.61 11 55.61 5.6945 22:56:15.51
3 PcP 716.88 11 56.88 4.3197 22:56:16.78
4 P 719.70 11 59.70 5.6913 22:56:19.60
5

PP 876.40 14 36.40 8.4227 22:58:56.30
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6 PKiKP 1050.12 17 30.12 1
7 pPKiKP 1060.98 17 40.98 1
8 sPKiKP 1064.95 17 44.95 1
9 SKIiKP 1261.14 21 1.14 1
10 § 1287.91 21 27.91 10
11 pS 1301.09 21 41.09 11
12 sS 1305.57 21 45.57 10
13 SKSac 1312.90 21 52.90 7
14 SKKSac¢ 1313.90 21 53.90 7
15 Sc$ 1317.63 21 57.63 8
16 SPn 1323.76 22 3.76 12
17 pSKSac 1327.06 22 7.06 7
18 PnS 1328.49 22 B8.49 12
19 sSKSac 1331.23 22 11.23 7
20 5§ 1582.91 26 22.91 13
21 PRKPdI 1847.02 30 47.02 -1
22 PRKPbe 1859.03 30 59.03 -2
23 SKKPdf 2058.25 34 18.25 -1
24 PRRSAf 2062.23 34 22.23 -1
25 SKKSdf 2273.22 37 353.22 -1
26 P'P’df 2342 .58 39 2.58 -1
27 §'5°df 3201.94 53 21.94 -1
28 §8'S’ac 3213.43 53 33.43 -2

{est from JB) LR 2147.22 35 47.22 28.

cutpaste 123 dddd jjjj sfeS

* €K P

1993/12/19 07:21:44.10 15,353 -94.277 33 4

1993/12/19 08:03:14.10 63.348 -151.241 10 4

1993/12/19 08:38:55.70 37.636 -118.833 S5 0

1993712719 10:31:34.10
(Delta/back-azm:

7.290 126.690

33 5.3 4.9 102.549 289,555
§f12=102.303/289.160, sft4=102.464/289.420, sf15=102.549/289.555)

L4975
4968
. 4969
.5536
, 9685
L0094
.9954
.2666
. 3423
L0658
.8483
L2797
. 8330
L2739
. 1157
. 6060
. 1875
. 5475
.5473
. 4894
. 8160
.6197
2033

1600

93 352 22 55 05

.1 0.0
.1 0.0
0 0.0

delta # code time(s) (min s) dT/dD
102.55 1 Pdiff 832.80 13 52.80 4.4389
2 pPdiff 843.37 14 3.37 4.4389
3 sPdiff 847.41 14 7.4] 4.4389
-4 PP 1086.07 18 6.07 7.5031
5 PKiKP 1004.00 18 14.00 1.8188
6 pPKiKP 1104 .85 18 24.85 1.8182
7 sPKiKP 1108.83 18 28.83 1.8183
8 SKikKP 1306.39 21 46.39 1.8639
9 SKSac 1469.75 24 29.75 4.7029
10 pSKSac 1484 .32 24 44,32 4.7131
11 sSKSac 1488.37 24 48.37 4.7103
12 SKKSac 1507.57 25 7.57 7.1031
13 Sdiff 1534.65 25 34.65 8.3233
14 pSdiff 1548.59 25 48.59 8.3233
15 sSdiff 1552.83 25 52.83 8.3233
16 §P 1629.76 27 9.76 10.5677
17 PS 1634.19 27 14.19 10.5609
18 PKKPbc 1791.62 29 51.62 -2.9638

23

23:
23

23
23

23:
23:
23:
23:
23:

23
23

23:

23

23;
23:
23:
23:
23:
23:
23:
23:

23

23

: 01
02
02;
:05:
05
06
:05.
06:
06
117
:06:
:06;
06:
-06:
10:
06,
15:
18;
18:
22
23
37:
37

06

06

15

: 20

47

:50.02

00.
04 .85
21.04
.81
99
47
12.80
13.80
o3
23.66
26.96
28.39
31.13
42.81
92
18.93
38.15
42.13
13.12
22.48
41.84
53.33

88

00.

07.12

2201

32.595
31.506
1.982

“T, @KNCA ISLANDS m5.6/5.7 d76 h33"

125.501
334.656
85.452

hh:nmm:ss.ss

16:45;

10:45

10:45:
10:49:

10:49
10:49

10:50:
10:53:
10:56:
10:56:
10:56:
10:56:
10:57:
:22.
26.
.86
.29
.72

10:57

10:57:
: 43
48
: 25

10:58
10:58
11:01

26,
37,
.51
40,
48,
:58.
02,
20.
03.
18.
22.
.67
.75

41

41
08

90
47

17
10
95
93
49
85
42
47

69
93

NEAR (DAST OF CAXACA, MEXTCD
CENTRAL ALASKA
CALTFORNIA-NEVADA BORDER REGIO

MINDANAO, PHILIPPINE ISLANDS




{est from JB)

cutpaste

ST P

1993/12/19 11:
1993/12/20 00:
1993/12/20 03:
1993/12/20 08:

1963712720 13:
(Delta/back-azm:

delta

107.86

19
20
21
22
23
24
25
26
21
28
29

1

. 20 .
PKKPAf  1800.98 30 0.98  -1.8550
SS 1964.01 32 44.01  13.8199
SKKPbc  2010.49 33 30.49  -2.7106
SKKP4f  2013.36 33 33.36  -1.8275
PKKSbe  2014.49 33 34.49  -2.7101
PRKSdf  2017.35 33 37.35  -1.8274
SKKSAf  2229.59 37  9.59  .1.7946
SKKSac  2231.50 37 11.59  -2.5204
P'P'df  2293.12 38 13.12  -1.9200
S'S"ac  3146.04 52 26.04  -2.9314
$°S°df  3155.66 52 35.66  -1.8597
IR 2887.79 48 7.79  28.1600
23  dddd jjjj sftS 93 353 10 44 27
45:32.10  25.213  62.614 33 5.2 5.1
36:59.80 51.750 -174.986 33 4.3 0.0
03:52.30 42.118 -122.028 5 0.0 0.0
34:06.80 61.882 -150.570 60 0.0 0.0
56:19.30 -6.752 131.314 33 6.0 5.8

# code

-
O N 00 ] O A B L b e

R B R R R B M B B B bt bt et bt bt s et et et
D B0 O LA B LI B D ND 0D wd Oh LA L B e

Pdiff
pPdiff
sPdiff
PKiKP
pPKiKP
s PKiKP
PP
SKiKP
SKSac
pSkSac
sSKSac
SKSdf
SKKSac
pSKSdf
sSKSdf
Sdiff
pSdiff
sSdiff
SP

SP

PS

PS
PKKPbc
PKKPzb
PKKPdf
SKKPbe
PKKSbe
SKKPdf
PKKSAf

time(s) (min

856.35 14 1e6,
866.92 14 126,
870.96 14 30.
1103.79 18 23
1114.63 18 34
1118.61 18 38.
1125.38 18 45.
1316.40 21 56.
1493.58 24 353,
1568.21 25 8.
1512.25 25 12.
1533.19 25 33,
1544 .88 25 44,
1548.01 25 48
1552.00 25 52.
1578.82 26 18
1592.75 26 32,
1596.99 26 36
1684.89 28 4.
1686.52 28 6
1689.2% 28 9
1650.83 28 10.
1775.42 29 35.
1790.37 29 50.
1791.07 29 51
1995.73 33 15,
1999.73 33 19.
2003.58 33 23.
2007.57 33 27,

s}  dT/dD
35 4.4389
92 4.4389
96 4.4389
.79 1.8678
.63 1.8673
61 1.8674
38 7.3138
40 1.9091
58 4,2885
21 4.2969
25 4.2946
19 1.9360
88 6.9572
.01 1.9360
00 1.9360
.82 8.3233
15 8.3233
.99 8.3233
89  10.2077
.52 9,2372
.29 10.2008
83 9,2370
42  -3.1450
37 -4.4368
07 -1.8790
73 -2.8543
73 -2.8537
58  -1.8574
57  -1.8573

11

11
11
11

11
11
11

i1
11

11:

+01
11:
:05:
:05
105
:05:
08
08
11:

19:

2814

:35.08
:18.11

04.59

:07.46

08.59
11.45
43,69
45,69

147.22
24
124 :

00.14
09.76

41.89

"T, @IINDANAD, PHILIPPINE ISLANDS m5.3/4.9 dl

355.990
308.708
353.578
332.870

107.855 275.251
s£12=107.503/274.835, sf14=107.734/275.109, sfi5=107

hh:anm: s5.55

14:
14:
14:
14:
14:
14:
14:
14:
14:
14:
14:

14

14;
14:

14

14;
14:
122
14;
14:
14:
14:
14:
14:
14:

14

14

14:
14:
14:

10:
10:
10
i4:

14

15

21
21

21
22:
22:
122
:38.12
:52.05
:56.29
:24.19
24:
24

22
22

24

24
25

29

18:
21:
127.51
131.55
:52.49

35.65
46.22
30.26
43.09

:53.03
14:
:(04 .68

57.91

15.70
12.88

04.18
07.31
11.30

25.82
28.59

:30.13
-54.72
20
26:
:29
29:
29:
:46.87

09.67
10.37

:35.03

39.03
42,88

SCUTHAESTERN PAKISTAN
ANDREANDE TSLANDS | ALEUTIAN 1S
CRECCN

SCUTHERN ALASKA

TANIMBAR 1SLANDS RHEG
.833/275.251)




30
3l
32
33
34
35

(est fran JB)
cutpaste 1
*CKT P

1993712720 15:
1993/12/20 17:

The souarce

33
36
36
38
52
32

50

&5 2036 .57
SKKSac 2217.88
SKKSdf 2219.97
P'P'df 2282.91
5'S'ac 3130.07
5'S§'df 3145.73
LR 3037.19
23  dddd jjjj sf15
56:57.70

36:59.70 32.333
cole is  available

via anonymous

- 30 -
56.57 13
57.88 -2
59.97 -1

2.91 -1
10.07 -3
25.73 -1
37.19 28.

93 354 14

62.206 -150.473
-115.404

5324
.6457
.B308
9271
.0873
.8824

1600

09 36

10 0.0 0.0
> 0.0 0.0

14:30:
14:33:
14:33:
14:34:
14:48:
14:48:

14:46:

2940

30,496
7.092

Source Code of dz Follows:

ftp

from

15.87
17.18
19.27
22.21
29.37
45,03

56.49

"T, @TANIMBAR 1SLANDS RBG n6.0/5.8 d108 h3a"

333,417 CENTRAL ALASKA

135.061

"andreas.wr.usgs.gov"

(CALIF

in directory

"~fip/pub/outgoing/evans/event_extraction”. This Open-File Report serves 1o release them to the pubiic, subject
to the limitations cited on the title page.




dz.ce

o,
»

BUGS:

 * % » & % » % & » ¥ ¥ & K & + B ¥ ¥

USAGE:

WARNINKG:
gstimates values for cther sites from ttimes-output slownesses,
Intaerprat with care,

Thu Dec 23 10:37:57 1893 - 31 -

pz -- simple distance, azimuth, and traveltime calculator,
input from QED,
all relevant data.

callg trimes with distance valua,
Fositive North and East.

outputs

27 Sept 93, add output of "eplck" *pick” flles for each evant,
only cutputs for channel code =v", l.e., for rotated traces.
Requires change in loglc ee all stationg Qet computed deltasazm
and one plck etructure iz made for each.
all backazimuths to facilitate correct rotatleons later.

Also added output of

dz QED_flle name > cutpul file

apick *pick™ flle= have times for SFTS exactly, but

Must have the following links in place:

1n =g /wa/itehfevans/src/resids/lasp9l/iasp9l.hed .
in -8 /we/itch/evans/src/resids/lasp9l/1laspdl.thl .

L
* Works only on Sun3 "evanss*--fraglle, Flxable, but need ttimes
* gvailable and need to change path names appropriately.
| ]
*» Crestes and destroys flles “ttimes.in,junk* and “ttimes.out.junk®.
L
» Bemember to update DATA_YERR, CENTURY, the definitions of
* central_lat and central lon, and the farmat of "cutpaste® output
« (the station name) as needed. Not neat, but functlonal.
W
* Alsoc, change (0, MIN_MAG 0), {MID_DELTA, MIN MAG 1} and
« (180, MIN MAG_2) which define a bi-linear distance-magnitude
+ ryle determining which eplcenters from the imput flle are
+ processed and which are skipped. (The minimum magnitude so
« determined is compared to the maximum of mb and Mr.)
L
v/
tinclude <stdlioc.h>
¢include <math.h>
dinclude <string.h>
finelude <leocal/local.h>
dinclude <local/atdtyp.h>
flnclude <local/matheconst.h>
¢include <local/date time.h>
¢include “plck_struct.h®
¢defing MAX(a,b} {({a}>i{by) 2 {a) : {1} /* Larger value */
¢define MAXRBUF 40 J* decocde.h buffer elze L
finclude <local/decode.h>
J* Maximum silze of QED event-list =/
ddefine MXQED 2000
ddefine FE_LEN 31 /* Flinn-Engdahl array length v/
fdefine STR_LEN 256 /* Maximgm scratch-string length =/
ddefine DATR YERR 1993
¢define CENTURY 1900
¢define MIN_MARG 0 2.5 /* minimum mb at zero distance =/
¢define MID DELTA 5. /* slope=bread distance {deg) “/
tdeflne MIN MAG 1 4.9 /* minimum mb at MID_DELTA */
fdefine MIN MAG 2 5.6 /* minimum mb at the antipode */
/* Cocrdinates of possible station{s) from
whizh to calculate delts and azimuth */
ddefine S5FT2NAM “sft 2™
ddefine SFT2LAT 17,153042
fdefine SFT2LOH -121.812232
fdefine SFTZ2ELEV 518
ddefine SFTANAM “gfr i~
#define SFT4LAT 37.38883
ddafine SFT4LON =121 .49450
ddefine SFT4ELEV 660
¢define SFTSNAM “sfL o™
fdefine SFTSLAT 37.5050513
ddafine SFTSLON =121.328514%
fdefine SFTSELEY 312
idafine NSTA 3
typedef Ftruct [ F* Station information *J
chart code(5]7 F™ Name -
douple lat: /* Location (+N, degrees) *f/




dz.c Thu Dac 23 10:37:57 1993 -32-
double lon:! /* {+E, degreex} *f
double elev; /* meters *
double delta; /* Distance toc event, degrees *f

] ETh:

F* Burface wave nominal wveloclty (s/degree) *~/

fdefine LR_WVEL 28,16

typedef struct [ /* Known-event informatlon “/
TIME oL} f* Drigin time *f
gouble lat: /* Hypocenter ([+H, degreesl )/
double lon; /" +E, degrees .y
float depth; /* kllometers */
float mag; /= mb *
fleoat ms; f* Ms ./
char fe[FE_LEN]: F* Flinn-Engdahl reglen name LI
double delta; /* Distance (degrees) /
double back; /* Back azimuth (degrees) */
int hit: F* Number of times triggered on */

] QEDMAF;

ddefine strneqg Isrtrnomp
vold ep out () ;2 F* Dafined below v/
int bulld ged{}; /* Defined below -/
vola ph_sav (}; /* Defined below .5
bool read &vi(); /* Defined below *
char *tm_s5tri): F* Defined below v/
char . *tm cut {); " Defined below */
vold datime () : f* =lg (YMDhms <~ epochal) *f
vald delazi(): /* -1g (geoccen.co) ty
FILE *fopenil ; /* Unlx C library t
FI1E refopen{}: /* =1 (efcpen.c) LF
vold error(}: /* -1q (error.c} "/
bool ieleap () ; f* -1q L
void refpt (}; /* ~lq (geocen,c) v/
void report (}; /* =1g f{errer.c) */
TIME timvar(); /* -1g (YMDhms -> epochal) *7

ddefine MAXPHASE 100 F* Maximum number of phazes */
int npcksr f* Number of phases foar event */
TIME ph_t [MAXPHASE]; /* Phase travel time x/
double ph_s]l [MAXPHASE]; /* Phasxe slowness, s/degree L
double ph x2[MAXPHARSE|; /* Phase slowness derlvatlve, s/d"2 222 */
char ph_n[MAXPHASE] [7]; /* Phase name */

malniargec, argv)
int argecs
char *hargy;

{
int ¥yr, mo, day, hr, mnrs
double =ec;
int nged; /* Number of events read *f
int i11; /* Dummy *f
int 13+ /* Dumtny “/
int skiped last = FALSE; /= Output flag i
float min_mag;s /* Minlmum magnitude to pass v/
char ged name[40]; /* Name of *"QED*" fll= -/
FILE *qed file;
QEDMARP gqedm [MXQED) /* QED-avent map ./
FILE *tt flle; /* ttimes I/0 files «/
char In_str[STR_LEN]; /* Input buffer *f
char ttout{16]; /" Qutput buffer for time of day */
char RYE_str[256); /* ttimer command puffer L
bool first_ph = TRUE; /* Take note of first-arriving phase */
TIME phltime; F¥ Its traveltine *
deuble central_lat = SFTS5LAT: /* Latitude of statlon */
double cenptral_lon = SFTHLON; 7+ Longitude of station ¥/
STh statlons (10} ; /* Starion list *J

/* Bulld station list the dumb way +/

(volid) strnepy {statians[0], code,
stations[0].lat = SFTZLAT:
ttations[0].lon = SFT2LON;
statlons[0].,elev = SFT2ELEV;

SFTZNAM, 5);

(yold)etrnapy (etatfanc{l] _~ada, COTAWMAM, )¢




dz.c

Thu Daec 23 10:37:57 1583 .33 .

statliens[l].lat = SFT4LAT:
staticnx[l).lan = SFTALON;
Etatjene[l).elav = SFTA4ELEV;

{vold) st roncpy (stat ions(2).code, SFTSNAM, 5)r
statlionstl2].lat = SFTSLAT:

getatione(2).lon = SFTSLON;

atat lons(2].elev = SFTSELEV;

/* Check usage */
1f {arge < 2}
error {“Usage: %s QED file name > outpur_flle®, argv[0]});

qed_name [Q] = *\O7;
~=arQec, Argvi+)
iveld} strepy {ged_name, *argv); /* "QED™ flle name LI

f* Use middle statlen as reference polnt for bulld qed */
refpt { (central lat * RAD}), (central lon * RAD}):

F/* Read in QED 1ist */

if{{qed_fille = fopen{ged name, *r")) == NULL)
error (*"Errer cpening \“QED\* file ‘\"4s\".*, ged name);

1f {{nged = bulld _qedi{gedm, qed_file}) > 0] |
iveld)printF("YYYY/MM/DD hh:mi:gs. 858 Lat, B Long,W=);
iveldiprintf(™ h,km b Ms delta azrimuth, F-E regionin*):

F* Run ttimes for each event, extracting the useful fraction */
FyE_Etr[0] = *\Q*;
(vold} streat {sys_&Lr,
“/we/gaeotele/evans/usr/ttimes™};
vold)strocat {sys_6Gtr, " < tiimes.in.Junk®};
{vold) strcat {s&ys_str, * > ttlmes.out.junk"};

for {11 = 0 ; 11 < nged ; 11++} {
/* Bother only wlth qualifying magnitudes */

if {qedm{ii].delta < MID DELTA} |
min mag = MIN MAG 0 +
(MIN MAG 1 - MIN MAG 0} *
gedm(il] .delta / MID DELTA;
}

alsa |
min_mag = MIN MAG 1 +
{(MIN_MAG 2 - MIN MAG_ 1)} +
{gedm[1i].delta ~ MID DELTA)} /
{180.0 - MID_DELTA):
}

1f (MAX{qedm[1l].mag, qedmf{il}.ms} >= min mag) |

1f {sklped last)
(voldiprintf {"\n"};
sklped last =~ FALSE;

f* Create input to ttimes, and run ttimes */

tt_file = fopen{"ttimes.in.junk", “w");
{veid) fprintf(tr file,
"allinink, 3fivn& 31 f5n-1\n=-1\n",
gedm[ll].depth, gqedm(ll].delta);
{vold) fclose{tt _flle};

if {{system{sys str} & 0377} == 127
error{*ttimes call falled!“);

f* Output relevent avent information */

datime {qedm[ii] .ok,
&yr, &mo, &day, &£hr, &mn, ésec,
GREGORIAN} »

ivoldiprintf{*\n%41/,%02L /%021 %021:%021:%05.2F
yr, mc, day, hr, mn, sec);

(voldiprintf(“47,.31f 48.31f &3,0f =,
gedm([il).lat, gedm(ii}].lon,
qedm([il}.depth);

(void)printfi=¢3_ 1f #31.1f &7.31f %7.31f =,
qedm(ii] .mag, gedm(ll].ms,
gqedm[ii).delta,
gqedm([ii] .back);

(veld}printf (“&&\n",
gedm[li].fe);

/* Calculate and cutput all deltas

amrd hRhoanrkesoclwmaorlrhoe 27

(voeldiprintf (" {Delta/back-azm: *);
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for (3] = 0 5 43 < NSTA ; j}++) |
double delta, azl, azl;

refpt {{(stations[J3).1lart * RAD),
{stations[43).len * RAD) };

delaz{gedm[il].lat * RAD,
gedm([ii].lon * RAD,
kdelta, E£az0, &azl};

220 *= DEG!

delta *= DEG;

stations[]9].delta = delta;

{voidlprintf (“%s=%07_ 31f/%07,31f",
statlons[Jji}.code,
delta, azl);
if{}) == NESTHR - 1}
iveld)printf{*\n*};
else
{voldyprintf{~, =):
}
iveldlprintf("\n"};

/* copy through the useful parts cof ttimes
output */

npcks = 0; /* Btart eplick phase iigt */

tt file = fopen {"ttimes.out.junk”, *r"};

whlle {fgets(in_sty, sizeof(in_str), tt_flle) !=

NULL}
if (strneqi"Scurce depth {kmj:",
in_str, 18)}
break;
while {fgets(in_str, sizeof{in str), tt_file} !=
NULL} {

if {strneg/
*Enter delta: Scurce depth {(km):",
in_str, 32}
Lreak;
else |
1f (strneg("Enter delta: "
in_str, 14y} |
in str[33 + 14) = *\O7;
(vold)printf|
l 1 hh:mm:ss.ssvn",
in_str + 14);
:
eige |
TIME tt = 0;
tt = {double)DECODE {
{in_str + 22}, 9, atof);
if (tt > 0.0} ¢
1f{first_ph) |
phltime = tt;
first ph = FALSE;
}
In_str(33] = *\O7;
{voidiprintf (“%s5 %s\n",
in_str, tm_str|
gedm{ll}.ot, tt,
ttout)):;

/* Save phase for
epick “plck* file */
ph_sav(ln_str, tt);
}
else
(vold)princf {"%s>, 1ln _str};

}

/* Protact DECODE from leftovers */
for (33 = 0 & 31 < BTR_LEN ; }3++)
in Btr[il] = ¢ *;

/* Extimate surface waveg */

gec = qedm[ii].delta * LR_VEIL;

mn = gec / 60;

{vold)printf {*iest from JB} LR"):

{void)printf {(* ¥10.2f5414%7.26%11.4¢ $2h\n\n%,
gec, mn, (se¢ — (mn * €0)), LR _VEL,
tm_etr{gedm{li).ot, sec, ttout)};

ivold} felose (Lt file);
firet ph = TRUE:

if tisvetemi"/bBin/rm rrimes.ont . dunk®t L
0377} == 127}
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raport {“rm call falled,..");

/* Dutput for *cutpaste™ script
{from (first phase = PAD FRONT}
te (LR + PAD_REAR)) =/

fdefine PRD FHRONT 60.0 fr &5 *f
ddefine PRD_REAR 700.0 i* 5 v/
(voldlprintf {("cutpasta 1 2 13 ol -

(veld)printf (*dddd 3333 sft5 ") 2
(vold}printf {"%s %4d \"T, B%s -,
tm_cut { (TIME) {gedm{ii].et + phltlme -
PAD FRONT + ©.3), ttout),
{int} {(sec - phltime +
PAD FRONT + PAD_REAR},
gedm{ii].fe};
jvoid)printf{"m&3 1f/%3,1f o%.01f h%,0f\"\n",
gedm[ii].mag, qedm[1]].ms,
gedm[il].delta, gedm[ii].depth}:

/% Qutput phase list to eplck "plck™ flle */
ep_out {gedmfli].ot, trtout,
gedmiil}.delta, stations):
}

/* Report smkipped events PYI */
glre |

datime (qedm(il].ot,

&yr, &mo, &day, &hr, &mn, &seg,
GREGORIAN) ;

1f ('skiped last)
(voldlprintf {*\n**SKIP**\n");
sklped last = TRUE;

fvoid)printf {~&d1/%02i/8021 %02i:%021:%05.2f
¥r, mo, day, hr, mn, sec¢):;
{voeid)printf{"%7.31f %8.31f ¥3.,0f *~
gqedm[ii].lat, gedm[ll].lon,
gedm[ii] .depth};
fveld)printf{“%3.1f 83.1f %7.31f &7, 31f ™~
qedm[ii] .mag, gedm[ii].ms,
gedm[il] ..delta,
gedm[il].back};
[void)printf {*%=s\n",
gedm[11] .fe):

’

!

}

if (({xystem(*/bin/rm ttimes_in.junk*} & 0377 == 127}

report {(*rm cali falled..."):
}

{void) fclose {ged file);
}

P

* Given two TIME variables, add, and return time string "hh:mm:es.858".
*/

char *

tm str(tl, t2, str]
TIME tl;
TIME T2
char “stry

{
int yr, mo, day, hr, mn;
double sac!
datime {{tl + <t2}, &yr, &mo, &day, &hr, &mn, &sec, GREGORIAN):;
(veld)sprintf{sty, "%021:%021:405,2f", hr, mn, sec);
return {(str);

1

I'ul‘lr

* Given one TIME varlable, returns time string *yy 333 bh mm =s".

*f

char *

tm_cut {tt, Btr)
TIME tt;
char *ELI;

]
int yr, mo, day, hr, mn, J}day;

double B8C;
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datime (tt, &yr, emo, &day, &hr, &mn, &aec, GREGORIAN);
Jday = yrday{mo, day, islesapi{yr, GREGORIAN)};
{veld)sprintfisctr, =%021 %031 %021 %021 %02ir-,
¥r - CENTURY, iJjday., hr. mn., {int}smec}:

return (2tr):

f'lr

*

Read an event line from QEDs defaulting numbers to zers and
strings to null 1f not present. Returns TRUE if it seems {0
ve an event line, otherwlse FALSE.

L

=/
boo)
read ev(in_etr, hr, mn, =ec, lat, lath, lon, lonh, depth, mag, ms, fe)
char in str[]: /* Input buffer */
int *hr, *mn;
double Y*gec;
double ®*lat, *lon;
float *depth, *mag, *ms;
char *lath, *lonh;
char fe(]s: /* Flinn-Engdah]l buffer L
{
int ii; /* Dummy L
ool rd;
rd = FALSE:
*hr =
*mn = O;
*rec = 0,07 -
*lat = 0;
*lath = *\0";
*lon = Q;
*lonh = *\0*;
*depth = 0;
*mag = 07
“mie = 7
for {11 = 0 ; 1] < FE_LEN ; il++)
fe[ii] = *\Q';
*hy = DECODE {in_str, 2, atol);
*mn = DECODE {(in_str + 2}, 2, atol);
*gac = {double}DECODE{{in str + 4), 4, atof);
*lat =« {double)RECODE{{in str + 10), B, atcf);
*lath = in_str[lél;
*lon = {double}DECODE{{in_str + 18), 7, atofl);
*lonh = in_atr(25];
“dapth = (float)DECODE{{in_=tr + 27, 3, atof):
*mag = {float)DECODE{(in str + 32}, 3, atof};
me = {float}DECODE{(ln str + 38), 3, atof);
{volid) strepy (fe, (in_str + 48)1);
fe(FE_LEN = 1] = *\0*;
f* Strip tralling comments {avoiding l-character abreviations) +/
for (11 = 2 ; ii < FE LEN ; il++) |
if {((fe[il] == *.* &£ fe[ll - 2] != " ")y || fefil} == *\n*) |
Tefil] = "\O*;
break;
}
1
/* Kludga, zince there seems no other guarantee in QED listings */
if {i{*lath == “N* || *lath == *n* (| *lath == 5" j| *lath == ‘g‘} gg§
(*lonh == *E’ || *lonh == ‘@* || *lonh == *W* || *lonh == “w’}}
rd = TRUE;
return (rd}:
i
FI
* Read *QED™ flle and bulld data bage of events.
* )
int
build ged{gedm, ged file}
QEDMAP qgedm[]: /* Known-event map *
FILE *ged fille:
{
int nged:
char in_str(STR_LEN]; f* Input buffer )
int ¥r = DATA YEAR, mo = 0, day, hr, mn;

double secs

double lat, lon;

fleat dapth. man. ms:
char lath, lonh;
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Thu Dac 23 10:37:57 1883 -37-
char fe [FE_LEN]: /" Flinn~Engdahl buffer v/
double delta, azd, azl:
int ii; £+ Dummy *f

/% refpt called from here in other verzlons. In “dz“, called from main.

nged = 0;
while (Igets{in str, si:uﬁf{in_;t:}. gqed flle) != NULL] {
1i = intmo{in_gtr}; /* Always present above events */
if (11 I= 0} |
me = 11;

if {(eEcanf{in_Etr + 3, "%d", &day) != 1}
error {*Could not read day in QEDs"):;
}

if (read_evi{ln str, chr, &mn, &sec,
&lat, &lath, &lon, &lonh, kdepth, &mag, &ms, fej} |

F* Clear input string to avoeld problems
* with sugeequent event and non-event llnes */
for (i1 = 0 ; 11 < STR_LEH ; 11+%)

in_striii] = *\O0";

if (lath != *N*)
lat = =lat:

1f {lonh = *E*)
lon = =lgn;

/* Calculate distance to event */

delazi(lat = RAD, lon * RAD, &delta, &azl, fazl}:
delta *= DEG;

azhd *a DEG:

if (mo == 0)
error{"Programming error."};

1f {nged >= MAGED}
error ("Too many QED entries."};

f* Save event Ilnformation */
gedm[nqed] .ot -
timvar{yr, mo, day, hr, mn, sec, GREGORIAN);

qedm[nged] .lat = lat;
gedm{nged] .len = lon!

gedm[nged] .depth = depth;
gqedm[nged] .mag = mag;
gedm{nged] .ms = ms;

{(vold) strepy (gedm[nged) . fe, fe):

gedm[hqed] .delta = delta;
gedm[nged) .back = az(;
gedm[nged] .hit = 0;

nged++;
i

}
return {nged);

* pdd plcks for one phase to the eplick “pleck™ file

*/

vold

ap_out {ot, &ty, delta, stations)

TIME ot} /* Event origion time */
char rtr(]: f* "puspaste™ string paseed ln  */
double delta; /* "gantar® (SFTH) delta, deg *f
SThA etatione(]: F* Stption list */
FILE *ep file; /* Qutput stream */
PMRIN pck; /% An eplek “plok™ * g
int iph, 1ist:

double dJddelta;

/* Open fille {(construct name from “cuspaste®™ gstring} */

str{z] = str[3l);
Frril) = stridl;
str(d)] = str(5);

str[5] "." ]
gtr{6] = str(7l:

*f
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str{7] = atr[e]:
Btr[B)! = str[10);
Aer(%] = str(l11);
BCr{l0} = xrrfl3];
BEr[ll] = str(l4):;
strfl2] = r_*:

Etr{l3} = *e*;
ELr[ld] = *pr-;
REr[l5]) = *\Q+;

ep_flle ~ afopenistr, “w¥);

/* Create and write out epick “pick™ Btructures */
for {iph = 0 ; iph < npcks 1ph++} |
for (ist « 0 ; 18t < NHSTA ; 1st++} |

(vold) st repy {pek.stoode, etaticns|ist) .code! ;
{void) et repy (pock.chan, “wv=};

(vold) strepy (pek.pheode, ph_niiph));
ddelta = stations{iet].delta - delta:
pck.t = ot + ph_t(iph] + ddelta *+ ph_sl[iph);
i+ (Ph_sl[iph] + ph 82[iph] * ddelta / 2}; */
pck.getime = 999 939;

pck.onset = ¢ ra»
pek.pol = * r; :
pok.qual = *1+; /* Meaning “laspiol~ L

pok.amp = 0,0:
pck.freq = 0.0;

1f (fwrite{{char *)é&pck, slzecf (pck}, 1, ep file) != ]}
report ("Can’t write plcks“):

}

/* Clean up */
{voeld) felose{ep file):

}

JHr
* Ssave phare traveltimes and names for epick “pick® file.
L
void
ph_saviin etr, tt)
char *in BLI;
TIME tL;
{
int 33r

1f (npcks == MAXPHASE)
report (“Too many phase names--ignoredinks", in_str):

alee |
ph_t{npcke] ~ tt;
ph_sllnpeks) = {double)DECODE [ {in_str + 46}, 10, atof}:
ph_e2[npcks] = {(double)DECODE{{in_str + €5), 10, atof);

{voldyatrnepy {ph ninpcks), in str + 14, &);
ph_n[npcks] (&) = *\D*;
fer (33 = 5 2 J) >=0 ; 33--)
if{ph_ninpcks] [3§]) == " *}
ph_ninpcks) {i3] = "\0";

NpCKE++}
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Fri OQct 8 09:58:20 1§93

/* Character month -» integer month =/

finclude <grring.nh>

fdefine strneg

fdefine sLreq

int
intmo (chmo}

char
{

if {strneqichmo,

el se
el Re
alge
al re
&l Ra
@l se
elRe
else
elee
el e
el ke

else

1f
it
if
1f
if
if
if
i1f
1f
if

if

Istrncmp
Istrcmp

*ochmor

return{l};
(st rneg{chmo,
returni{?);
{etrneqg{chmo,
return (il ;
(st rneq{chmo,
return(d):
{strneg{chmo,
returni{s);
{strneq {chmo,
returni{é);
{strneq{chmc,
returni{?);
{atrnaeg{chme,
return{d);
{strneq{ichmo,
return(9);
{strneg(chmo,
returni{ll);
{strneqichmo,
return{ll);
{strneq{chmo,
return{l12);:

return(0);

"Jan*,

3}
*Feb™,
"Mar™,
“Apr"™,
"May",
*Jun",
“Jul*™,
“Aug".,
"Sep®,
oL ™,
"Nov",

*Dec",

3)
3}
3}
3}
3)
3
3]
3}
3)
y

3]

I

I
h
[
i1
|
b
I
|
11

I

strneg{chmo,
strneg {chmo,
strneg{chmo,
strneq{chmo,
ELtrneq{chmo,
strneq{chmo,
ELEneqg (chmo,
rtrnegi{chmo,
strneq(chmo,
rtrneg(chmeo,

strneg{chmo,

Il strneq(chmo, "JAN™, 3)1)

“FFEp*,
WMAR™,
“APR™,
“MAY ™,
" JUKR™,
" JUL™,
“hUG™,
"LEPY,
“QCT™,
"NOV™,

HDECIII

- 30 -

3}
)}
)
r]
n
n
)}
3}
311
3]

3y
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/* STCSIZE should be akandoned in faver of using CODESIZE from ahhead.h */

fi

# STCSIZE and CHANSIZE define the maximum number of FRINTABLE characters
#+ in the respective strings. These strings, therefore, MARY ROT BE NULL
+ TERMINATED. Une *strncmpi{..., STCSIZE}" and ... “&,*5%, ETCSIZE,

* stpode ...7 and such.

*f

fdefine STCSIZE 4 /* Length of station code )/

fdefine CHANSIZE b /* Length of channel code “f

fdefine PECSIZE B /* Length of phase code “/

ddefine NULL TIME i.0al0

/* Indespensable part of a PICK */

typedef struct |
char stcode [STCSIZE];; /* Station code t
char chan [CHRNSIZE]: /* Channel code *f
char phcode [FHCSIZE]; /* Phase code af
TIME t: /* Arrival time L
float setlime; /* Standard error of arrival time L
char ocnEet /* 'e' or *ir LI
char pol: /* Polarity: “u” or *d* “/
char gual; f* Pleck quallty */
float AMp; F* Amplitude * 7

f* Hote: convention {e.g. peak-to-peak */
/* vE. zero-to-peak) is not enforced by */
/* program {but 15 lmportant}. *F
float freq: /* Frequency L
} PMAIN;:

f* Time from clock or racio time channel *+/
typedel struct |

TIME L.
} CODE T;

/* Related things measured from a trace */
typedef struct |
PMAIN pmz /* Required L
CODE_T ¢_t; /* Optional o4
1 PICK;
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1
'_t_*_-_i_i_n_-_-_i-t-i-i..*-t..i..i_i_i_ir_t_t_i-i-.....i_ir_-l_i_l_i-i..i_ir_i_*_i
[ |
# Cenerlc Makefile for programs.
¢ Works for any mix of sun3, sund, Fortran, and C (I hopsa!l).
i
¢ *"make install* falils the first time unless the exccutable has
§# already been copied to S (BINDIR).
#
$ The following ir requirad in the user's .cshrc:
#
§ =setenv ARCH “/Din/arch®
§ {f{ SRRACH == *gunl™} then
| setanv FLQAT - f6BHB1
§ alge
# getanvy FLOAT **
# andif
¢ setenv DIR USR fusr/local
$# setenv DIR SRC fusr/src/lccal
FC - 77
cC - cC
FFLAGS = =u 5 (FLOAT) -D5[ARCH)
CFLAGS = 5{FLCAT] =DE{ARCH) =g
BINDIR = 5(DIR_USR)
BEROG = gz
SRCARC = S (PROG).RrC.a
FSRCE -
CERCS m dz.oc M
intme.c

DBJECTS = S$({FSACS:&.f=5(ARCH)/%.,0} S5{CSRCS5:%.c=5{ARCH)/%.0]

LIBS = =1 =-1m
LLIBS - S{LIBS})

INCLE -
OTHERS = Makefile 5 [INCLS)
OTHERRIN=
§ B = gagcript -r2 =p-

S${ARCH) /5 (PROG) : % (OBJECTS}
$(cC) S{CFLAGS) $(CBJECT3) 5(LIBS) -o 5B

S {OBJECTS) : 5{INCLS}

% {ARCH) /%.0: %.cC
$(CC) S(CFLAGS) =-¢ S{8F:.o=.c) -o %4

S{ARCH) /%,0: %.f
S{FC} S{FFLAGS} -c $[(@Fi.oc=.f) -0 $8

install: S(ARCH}/install ${RRCH) /% (PROG)}
# /bin/rm install
1 In -8 5{ARCH}/install install
/bins/mv 5(RINDIR)/S{PROG} S{BIKDIR)/S{FROG).0ld
cp S {ARCH) /% (PROG} 5 (BINDIR)
chmod 755 S ({BINDIE)/S${PROG}
ftouch install
Rtouch 5 (ARCH) /install

4 CAUTION: do not run “make clean™ on more than cne machlne at a time;
§ the archive commands {*ar*) might confllict.
clean:

Bin/rm ${ARCH) /S (PROG} 5 (OBJECTS) S{BINDIR) /S (PROCG).old

ar ruv S (SRCARC}? 5{FS5RCS5) 5(CSRCS5} 5 {OTHERS) 5 (OTHEREBIN)

1int: S{FSRCS) $({CSRACS} S(INCLE5)
Jusr/bin/lint -xh —u 5 ({FSRCS) S{CSRCS) ${LLIBS) » lint

print: S{FSRCS) #%{CSRCS) & [OTHERS}
¥ pr —-166 57 | 5P

enrcript %7

Atouch print

printall:

# pr -166 $(FSRCS) %{CSRCS) S (CTHERS) | &P
enscript 5{FSRCS5) $[CSRC5} %5 (OTHERS)
#touch print

printexport:
pr -t S{FSRCS5} 5{CSRC5)} 5 (OTEERS)
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12. Appendix F: Manual Page and Source Code for ahwwvb

The algorithm used in the ahwwvb time-code reader is an amalgam of robust processes coded in C and
FORTRAN—several running-median filters, an edge-finding algorithm, and an L1 fit to the second ticks, The
latter, and the BCD deciphering code that follows, are taken from Carl Johnson’s earlier efforts, while the signal
preprocessors are creations of the first author of this Report. The signal processors were designed from general
principals {(Evans, 1992) and optimized by tests on real data, mostly of 100 sps. It also works well at 250 sps,
but is only lightly tested at other sample rates. It 1s the most reliable automated WWVB reader known to us,

Both the source code and the manual page are available via anonymous ftp from "andreas.wr.usgs.gov” in direc-
tory "~fip/pub/outgoing/fevans/wwvb". This Open-File Report serves to release them to the public, subject to the
limitations cited on the ttle page.

Source code for the running-median routine (from the first author’s librmyf), and relevant routines from Bruce
Julian’s libg are listed in Appendix H. The I/O library libah is available from Lamont-Doherty (“fip
lamont.ldeo.columbia.edu” in compressed file "/pub/ah.tar.Z").
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SYNOPSIS
ahwwvb -m min_rate ah_file [ -vb code channel ) [ -v ] [ -la | ) list file ) [(-yyear ] [r)-s ][ -d
delayl1{ nc )

DESCRIPTION

Reads a WWVB radio time-code trace in (xdr) AH format, infers sampling rate and the NTIS/UTC time
of the first sample. Accordingly, changes the WWYVB trace starting time and digitizing interval, as well
as those of any other traces indicated. Affects all traces listed in fist_file (in the same format as epick's
list_file), or else changes all traces in ak_file (-la, the default), If -1 is used, copies through, unchanged,
all other traces encountered. Performs simple relatedness checks on traces to be changed, but only with
the -1a option, Simply asks whether they all have the same length, onginal sampling interval, and ori-
ginal starting time,

akwwvb is intended primarily for correcting start time and digitizing interval of data from "five-day
recorders” and other instruments that record WWVB radio time code in parallel with seismic data, but
which may give inaccurate start time or digitizing interval due to inaccurate internal clocks or analog-
instrumentation foibles. Hence, ahwwvb assumes that all wraces o be chanped are exactly the same
time interval and that ali traces from that parallel record are targeted for the change, Since AH has no
formal way of associating a group of traces, this game is somewhat dangerous. You may get bizarre
results if you change too few or too many traces. Logs the changes it makes in the AH header.

ahwwvb does significant signal massaging to extract robustly the most accurate time, Uses a combina-
tion of several nunning-median filters and an edge-finding algorithm to interpret the WWVB trace into a
binary time series. This binary series is decoded by Carl Johnson's routine, the operation of which is
partly mysterious. The translation to binary includes a number of empirically set parameters for deter-
mining what a sharp comner really is and how extreme the signal massaging may be. These may need
adjustment in some cases (se¢ file ahwwvb. k). Also biases the result 0 account for a filtered versus
unfiltered WWYVDB trace. Uses an L1 fit {in C. Johnson’s code)} to calculate fractional seconds of the
start time, and the sampling interval,

It 1s often the case that part of the starting time can be inferred, but not all of it. Fractional seconds
and sample interval are found most often, then units and tens of seconds, and lastly {(as one group) the
Julian day, hour, and minute. Any one of these not found by interpreting WWVB is simply set 1o
respective values taken from the original AH header, with appropriate warnings sent to srdout, WWVEB
does not tell one the year, so that is taken from the original AH header or overridden by the -y option.

One of the sad discoveries made in writing ahwwvb is that current five-day playback procedures are
very poor., Many files have varying digitizing rates, witnessed by varying intervals between WWVB
"ticks", and some files have drastic fluctuations in rate, Based on my small test sample, these all
appear to be increases in sample interval (WWVB appearing compressed) lasting on the order of 10 s
and often occurning several imes per minute. ' Presumably, the tape-speed compensation is not working
properly and the recorder slows episodically (this mechanical dragging is known to be common near the
terminal end of tapes, due to imperfections in the recorder design and, to a lesser degree, mainienance),
Even this veteran observer failed 10 notice many of these fluctuations until looking at the tick intervals
rather closely, so I have added some diagnostics to ahwwvb, fo wit a statistical evaluation of tick inter-
vals. This problem often is accompanied by a computed digitizing rate different from that requested,
The work-around (other than fixing the tape-speed compensation!} is to check the time of a WWVB tick
mark near each your picks, using epick to repick WWVB where necessary, Data digitized in real time
from the networks are, as one expects, rock constant in sampling rate,

ahwwvh reports the value of variable ires if -v flag is set. ires means:

0 = total failure to decode WWVR,

1 = sample interval and fractional "sec™ decoded successfully,

2 = units of "sgc” decoded too,

3 = all of "sec” decoded,

{4 is not used)

5 = WWVB was fully decoded (Julian day, hour, and minute too)

USGS Menlo Park Last change: June 17, 1992 1
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ARGUMENTS
- min_rate is the lowest sampling rate (samples per second) that this trace could possibly be.

" This figure is used to design a long running-median filter to clip off noise spikes shorter than
60% (-r} or 80% (-5} of the shortest valid signal pulse (0.2 s, in the case of WWVB). You
should give the highest reasonable number but not overestimate, or valid data could be clipped
and unreadable as well. You may disable filtering by giving any min_rate < 15 sps. I know of
no good reason, aside from bad judgement in sampling rates, to ovemride the fillering. If filier-
ing is done, ahwwvb prefilters with a series of shorter RMF windows to improve edge fidelity.
In any case, ahwwvb tells you what it did or did not do.

ah_file 'The (xdr) AH file containing the WWVB trace and possibly other traces.

OPTIONS
-vb code and channel identify the WWYVB trace in ah_file. Defanlts are "WWVB" and either
"TIME", "time", or "T", respectively.
¥ Cause verbose output that provides a trace of the processing done. The default is to print out

only the summary message and any error messages. (Users with scripts designed 1o digest the
output of early versions of ahwwwvb should invoke this option,)

da  (Default) Al traces in ah_file are changed.

-l list_file must contain one or more AH file names and trace sequence-numbers; only these traces
are changed. The WWYVB trace must be listed here (a check is made). list_file is in the same
format as for epick.

-y year is the year of the first sample in the file. It overrides the year found in the original AH
header,

-d delay is the 1otal lag of the recorded WWVB signal behind UTC, It is typically 1845 ms radio
lag + the flight time. delay is given in ms (default 0). The start time is set earlier than the
recorded WWYVB signal by this amount.

-5 Is the WWYVB trace "rounded” (-r, the default) or "sharp” (-s)? That 13, does the trace appear
to have passed through a low-pass filter, as is the case for the five-day recorder (the discrimina-
tors apply low pass filters to all maces). WWVB digitized by CUSP, for example, is more
nearly raw, with apparently sharp transitions. However, WWVEB received on a TrueTime®
radio and digitized at 1000 sps on a PASSCAL recorder shows significantly rounded transi-
tions, with about 5 ms from the start of the transition io the steepest slope.

The issue is where to infer that the original WWYVB signal transitioned, For -r, it is assumed
to be one sample interval before the steepest first difference; for -s, it is taken to be at the
same sample interval as the steepest first difference. This distinction makes only a one-
sample-interval difference. In all cases, the true transiton time is assumed o be midway in
- the identified sample interval. It is preferable to use -s with -d to compensate explicitly when
you know the tme Jag caused by filtering ("-d (time_of steepest slope -~
time_of actual transition + any_other_lagsy").

-ne By default, ahwwvb updates the traces themselves, as described. This action can be suppressed
by the -nc ("no change”) flag, in which case, the result is still reported but nothing is done
with it. The -nc option us useful for tests and to those who record clock comrections elsewhere
{and apply them to results rather than to the original data). -

SEE ALSO
epick—X11 ah picking rontine derived and extended from Lamont’s sunpick, tcpick invokes epick in a
mode allowing one to manually read (and optionally correct to) a recorded time code like WWVB.

ahclk—<called by ahwwvb 10 make the actual changes to AH headers.

USGS Menlo Park Last change: June 17, 1992 2
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Other ah filters,

BUGS
list file must be sorted with all the traces for any particular file together and in ascending numerical
order within each file. mkahlist does that for you. Someday, ahclk could be made smarter about this,
but it hasn’{ been yet,

alwwvb should be smart enough to add the WWVB wace ID to any list_file, but it isn’t.

Uses inflagrevious FORTRAN spaghetti code of C. Johnson, so it is largely a mystery how the inter-
preter works {or doesn’t). Watch out for emrors (particularly 1-, 10-, and 60-s errors?).

ahwwvb cannot be used as a UNIX filter.
Either ahwwvbh or ahclk should check relatedness for the -1 option t00.

Would be more accurate with a rawer WWVB. TrueTime® receivers try make the trace pretty by
thresholding the signal to a running mean of the signal, thereby damaging the information contained
(adding non-constant small delays to the transitions).

The -r transition bias is utterly empirical, set from years of experience almost exclusively with 100 sps
five-day recorder data. It should at least be user-conirollable or, better yet, knowledgeable of the filter-
ing.

Should offer a way of holding the digitizing rate fixed, for the case of digital recorders.
ahwwvb is new and tested on only ten examples—keep your eyes open!

The filtering and L1 fit are noticeably slow at high sample rates. 2-minute 1000-sps records decode 1n
about 7 minutes on a Sun 3/60.

ahwwvb has been used at 100, 200, and 1000 sps. It probably will work out to 2000 sps, but there are
some poorly understood magic numbers in C. Johnson’s code, and these may cause it to fail at some
high rate. Of course, it will certainly fail below 5 sps because WWVB has meaningful pulses as short
as 0.2 s.

AUTHOR
John R. Evans, USGS, Menlo Park, CA. Original written March 16, 1992, -nc flag added June 17,
1992. Made to work for high sampling rates (at least to 1000 sps) June 23, 1992,

USGS Menlo Park Last change: June 17, 1992 | 3
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f*
* AH filter AHWWVYE (AH WHVE reader):
w Read WWVE and change AH headers acceordingly. See "ahwwvyb.man®,
L}
* dhxtool =1 . =1 /we/ltch/evans/erc/lib/mmif /swe/ltch/evane/usr.sund/ahwwvlb &
* stop in median
* when at "/we/ltch/evans/ere/lib/rmf/cmedlan.c™:143 { print lcut,arrout{icut] ; |
* when ( { 1out % 100 ) == Q) | print icut,arrcoutiout] ; ]
* gtop If ( icut == 15000 }
* run -m 990 0£.29.0192.4.ah =vb 01%2 4 -nc
LI

finclude <stdio.h>

fineclude <math.h>

¢include <rpe/rpc.h>
$include <local/ahhead.h>
$lnclude <local/stdtyp.h>
$include <local/date_time. h>

fdefine MIN(a, PR} [({{a) < ()} 2 (a} : (b)) /* Smaller value */

#define MAX{a,L) f{fa) > {b)} ¥ (a) : (P} f* Larger value */

¢include "ahwwvb. h™

tdefine stTneg lstrnemp

#define streq gt remp
vold error{l? f* =lq {error.c) wJ
volid report () ; /* =lq {error.c) */
FILE *efopeni{l:; /" =lg lefcpen.c] */
char *emalloe() ; f* =1q *f
char terealloc(}; f* =1g */
vold mnday{)? f* -1q *f
ool 1sleap(}; f* ~1g "/
TIME timvar {}; f* =-lq ./
vold datime () ; f* =1q */
;e xdr_gethead (} -lah * 7
i mkdatspace {} ~lah *J
/* xdr_getdatal() -lah */
int read wwvbi{) s f* Deflined halow */
TIME ahZepoch{); F* Deflined below L
int seq_ok () /* Deflned below i
veid eh flles(); /* Defined below L
void decode WWVB(); /* Defined below */
void tick sizel); f/* Defined below */
gtatic int 1ecomp(); /* Deflned below ny
int ig wwvb ([} /* Dafined below */
vipid to bini}; /* Deflned below L
etatlic int foompi): /* Defined below * f
bool is_max({}; f/* Deflined below >
bool is min(}» f* Defined below */
vold wwvb ()7 f* wwvb. £ */
char *progname;

malni{arge, argy)
int Arge;
char t*Argv;

{
FILE *ah_file;
char ah_name [¥M_LEN]; /* Name of AH file with WWVB tfrace */
XDR xdr_in;
int n_tIaAGCes; /* Total traces in ah_flle */
int itrace;
int wWyh seq; /* Positlon of WWVB trace */
ahhead wwvb_head; /* Space for WWVE AH header *f
float *wwvb_trace; f* Fointer to WWVB AH trace *f
FILE *1ist_file; /* lietflle a la "epick® */
char ilet_name([NM_LEN];
int all traces: f¥* Over-ride lietfile and change

all traces */

int change_ah; /* Reotually change ah traces? o
int ¥r, me, day, hr, mn;
double seag;
bool verbose = FALSE; /* Wrlte out gory detalls? 7
FILE *temp file; F* ligtfile a la “epick™ */
char temp name[NM LEN]; /* List flle name actually

pasgsed to AHCLE */

float min_rate; /" Minimum digitizing rate possible */f
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int RME_win; /* Resplting maximal RMF window length */
char wwrb_code [CODESIZE]; /* WWVB trace code */
char wwvhb chan{CHANSIZIE]: /* WRVB trace channel * 7
int year = Or /% Year of trace; overrides ahheader */
TIME new st} /* HNew starting time *
doubla new_int; /* New satwpling interval *f
TIME old_st; /* original starting time *
double old_1int; /* Orlginal sampling interval L
char Eys_stx{STR_LEN]; J* Scratch string *f
int EYyELet;
ool rounded; /* Ik the trace *“rcunded* (filtered}? +f
TIME lagg: /v Sat cloek back by thls ammount */
F* Initialize */
new Kt = NULL; /* No-change flag */f
new_int = -l.: /* Ro-change flag */
min rate = -1.0; /* Flag no—-valuve-glven */
EMF_win = -1; /* Flag ne-value-given “/
ah_name{0] = *\NOF S /* Flag no-value-glven L
#ll traces = TRUE? /* Default: change all traces */

change_ah = TRUE;

list_name[0)] = *A\07;
1ist_file = (FILE *) RULL;

(void) ptrepy (wwvb _code, “WWVB®);
(void) st ropy (wwvb_chan, DEFAULT_CHAN}: /* == “TIME", “time", or “T" */

rounded = TRUE?
lagg = 0.07

/* Chack usage */
proghame = argv(0];
1f {argec < 4)
errori{“Usage: %5 -m min_rate ah_file [-vb code chanl [ -v | [-la | -1 listfile] [-¥ year] [-r | =-&] {[-d delay] {
=nc]",
argv([O]):

/* Interpret command line arguments */
for [=--argoc, argu++: ArQoy ——argco, argv+d) |

/% Minimum sampling rate lmplies RMF window length */
if (strneqg(*argy, "-n®, 21}
-—Argc, ALgV+t!
if (sgcanf({*argv), *%f*, &mip_rate} != 1)
error {"Unreadable mimimum digltization rate."}:
[

/% 1istfile name, or do all traces */
alse 1f {strnegf{*argv, "-1", 21} |
if (strneq{*argv, *"-la=, 3} |
all traces = TRUE?
}
else |
all traces = FALSE;
-=arge, argvitt;
(veldystrepy {l1st name, *argv);

/* Yerbose output? */

elge AL {(strneq(*argv, “-v™, 2} L& tstrneq [*argy, "-vb", 3)) 1
printf ("AHWWVE verbose output:iin®};
varpoee = TRUE;

/* WWve code and channel names */
elEe if (strneql*argv, “-vb", 3)) |
-=ATQC; AYXQV++;
1f (argc < 2)
error {"Bad WWVR code or channel.™};
ivold) strcpy {(wwvb _code, *argv);
-« AYGCy ALYVH+;
(veld) strcpy (wwvb_chan, *argv}:
]

J* new sanpling interval *f
elge Lf (strnegl*argv. “-y~. 2}) |
——@TgC; AXQVH+]
if {(sscanf{(*argv), “%d4%, &year} I!= 1})
error {"Bad year in -y optioen.®}:?
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}

/* "Rounded” or "sharp" WnvVB fLrace? *»/

else 1f (etrneg{*argv, *“-r", 2)}
rounded = TRUE;

else L1f {strneq{*argv, "-s5", 2}])
rounded = FALSE:

/* Radlo + flight time lag */
eleze 1 {etrneqgi*argv, “=d*, 2)) |
=-=aArgC; ALQV++;
1f (i{escanf{{*argv}, “&lf*®, Llagg) !'= 1}]}
error {"Bad delay in -d optlion.“);
if {lagg < €.0)
arror {"NEGATIVE delay given—-—-non-causzl!v});

b

/* Do not change traces */
elre 1f (etrneg{*arzrgv, “-nc“, 3}}
change_ah = FALSE;

/* WW¥B-containing AH-file name */
el se
{vocld) strepy {ah name, *argvl:

)

/* Check for requlired arguments */
if (ah_name[D] == *’\0*}
grror ("No WWVEB-containing AH file given {\*ah flile\=}."}:
1f {mln_rate < 0.0}
errcyr (“NMo valld minimuom sampling rate {“*min rate\™) given."):

/* Modlfy RMF window length */
1f [reunded)
FMF win = 1 + 2 *
{i{int) {Q.,2 * min_rate * RMF FUDGE r} - 2j);
else
RME win = 1 + 2 *
{{int} (0.2 * mln rate * PMF_FUDGE &) - 2};

if (EMF win < 3} {
"RMF_win =~ 0;
if (verbose) |
printf(*Sampling interval too low;"):
printf{* no RMF filtering done.\n"});

}

}
else 1f (verboes)

printf {"Longest RMF window 15 of &d peints.\n", RMF winj);

f* Inform user */
1f [(verkoss)
1f {rounded)
printf (*Compensatling for low-pass flltered WWVEB.\n"};

else
printf {*Assuming unfiltered WWVB.\n"):

1f (verbose k£ {lagg > 0.,0})
printf {(*"Correcting for &%f ms filjight time + radio lag.wn”, laggl:

/* Get WWVE trace and header */
ah_file = efopen{ah_name, “r"“});
xdrstdie_create (éxdr_in, ah _file, XDR_DECODE}:

n traces = read wwyb({txdr in, wwvb code, wwvb chan,
&wwvp_head, &wwvb trace, &wwvb_geq, ah_name,
all_traces, &old_st, &cld Int);

sadr destroy{ixdr in);
{void) felozre {ah _flle);

/* Interpret WHVB */

(vold} deccode WWVE (rounded, year, min_rate, RMF win,
wwvl head, wwvb trace, &new st, &Lnew_int, old st, old _int,
verbosge) :

nex¥_et += (lagg 7 1000.0); /* Remove any delay */

/* By default, change ah traces accordingly. */
1f (change_ah) {

/* {-la) Create temporary list file,
a compiete list of traces in ah_file */

if {all tracer} |
{vold) sprintf{temp name, “%$5.XXXXKX", ah_name};
{veidimktemp (temp_name);

temp file = efcpen{temp name, "w*)?




ahwwvb.C Fri Oct 8 09:57:42 199%3 - 49 -

for {itrace = 1 ; ltrace <= n_traces ; ltracet+)
fprintf{temp flle, “%¥s ad\n*, ah_name, ltrace);

(volid) fclose {temp file)
I

/* {-1) check that WWVB trace is iln list_flle
and check sequence in listflle */

elze |
if (list_name[Q] == *\0*)
arror {*Aequlres lisxtfile name."};

1ist_flle = efopen(list_name, "r"j;

rewingd {list file};
if (lseq ck(list_file, ah name, wwvb_seq))
error(*listflle cut of sequence or WWYB trace not listed there.™):;

(veid) fcloge {list _file);

(veld) strepy (temp _name, list name);
1

/* Spawn ABCLK te¢ make the necessary changes in AH headers */
ch_files{temp hame, TRUE, new_st, TRUE, new_int, verbose);

/* Clean up and exit *»/

if (all traces) |
(veld) sprintf (sys_str, */bin/rm -f %s™, temp name};
1f {(sysTet = ({system(sys str) >> B} & 0377)) == 127
report (*Ceuld not delete temporary list file.*):;

¥if DEBUG
printf{*/bin/rm returns %d.\n", sysret);

fendlf DERAUG

/* In all cases, report the result. */
{vold)datime (new_=at, &yr, &mo, &Lday, &hr, &mn, &5eC, GREGORIAN] 1

printf{'\n-----—-----------—---—-ahuwvb——---—----------——--——-\n“}:
printf{*Flle \*%s\*, code ““%¥s\", channel Y\"%s\"i\n",
ah_name, wwvb_code, wwvb_chan);
printfi{~start time = %04d/%02d4/%02d &02d:402d:%07.411 UTCAn",
yr, me, day, hr, mn, Bec);
orintf {*Sample interval = %.10l1f & (%lf Eps)\n",
new_Int, 1, / new _int};
printf (*~—-—— e e e Anin®) ;

f* Clean up and quit =/
frea {{char *)wwyb trace);
exit {0);

‘f'l'
* Check sequence in listflle and presence of WWVB.
« If either ie awry, return FALSE,

*7
typedaf struct |
char fname in(NM LEN]:
int Fec_num!
int ugld;
] TLIST:
int
req ck(1ist_file, ah_name, wwvD_geg)
FILE *1igt file;
char *ah name;
int wwvlh Eeq:
{
char in_str[5TR_LEN}; /* One line from list file */
int i;
int £ame nm;
int REQ;
int rv:
int vi;
int nlines;
TLIST “file list [MX_LET); /* known AH-file names */

rv = TRUE:
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vb = FALSE?
nlines =~ 0;
flle 1igt([0) = (TLIST “igmalloci{glzecf (TLIST))

while {fgets({in_str, slzeof(lp str), list_file) != NULL)} |
if{secanf{in_grr, “%stdkd”,
file ligt(nlines]->fname 1n,
k{file_list[nlines]-»rec_num),
&{file_ list[nllnes}->ugid)}
= 2% |

if {streq{file llst[nlines}~>fname_in, ah_name}
&6 (file list[nllnes]->rec_num == wwvbh seq))
vhh = TRUE;

same nin = TRUE:
geq = file llegt[nlines]->rec_num;
for{li = nlines ; 1 >= 0 ; ==11 [
if (streqi{file list(nlines|->fname_in,
file list[i]->fname in)) |
1f {Ysame_nm)
rv = FAILEE;
1f {file list[i]l->rec_num >= seq
4k 1 < nlines)
rv = FALSE;
else .
seg =~ flle list[i]->rec num;

else |
same_nm « FALSE;

}

nlines++;
if (nlines >= MX_LBET]
erroeri(*listfile too long."}:
file listinlines} = {TLIST *)emalloc(sizeaf (TLIST));

else
error (*Bad 1istfile format.");

}

for (1 =0 7 1 <= nlinas ; l++}
free{{char *)flle 1list[i]):

return {rv && vbh};
}

Ii
* Call AHCLK to change the AH file headers,
*f
vold
ch_flles {temp name, start, new st, interval, new_Int, verbose)
char *temp_name; F* Liat flle name actually passed to AHCLE */
int Btart; F* Change gtart time 1f TRUE */
TIME new_st; /* Recalculated start time */
int interval; /* Change esampling interval if TRUE “/
double new int; F* RBecalculated sampling interwval L
kool verboser F* Write out gory details? */
{
int yr, mo, day, hr, mn;
double Eecy
char eye Etr{STR_LEHN]:
char add_etr|[S5TR_LEN];
int Bysret;

(vold)sprintfisys_str, “"ahclk -1 %s5", temp name};
if (start) |
iveld)datime {new =L, Lyr, &mo, &day, &hr, &mn, £sec, GREGORIAN);
{void)sprintf{add str, " =5 %04d &02d $02d &02d &02d %1f"=,
yr, mo, day, hr, mn, sec):
(vold) ptrcat {sye_str, add_str);
}
if {intervall {
(vold)sprintf (add_str, " -1 %,101f", new_int};
{voeld) strcat (Eys_str, add str};
I

/* Report change +/

1f {verbose) |
printf{*\nChanging etart time and interval ...\n", sy5_str):
printf{"\t&e\n\t™, EYE £tIr}’

1

1f ((sysret = ((system(eys str) >» B) § 0377)} == 127)
repcrt {"Trouble changing AK flles, CONDITICN OF FILES UNKHOWN!®};
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elgg 1f (verbore)

41f DEBUG

printfi(®...

euccessful ,\A\nY, BYE_stY);

printf {*AHCLK returns %d.\n", sysret};

Jdendif DREBLG

}

F*

check.
i

% > B B ®

int

Read all trace and header palrs,
itg segquence {position} within the AR file, and the total number cf
traceg in the AH file,
be releaged elsewhere.

Return the WWwvB trace and header,

hllocates space for wwvb trace, which must
If »=la* option is In force, make relatedness

read_wwvb{xdr_in, wwvb_tocde, wwvb chan, wwvb head, wwyb_trace,
wwvb_&eq, ah name, all traces, old_st, old_int}

XDR
char
char
ahhed
float
int
chatr
int
TIME
double

ahhad
float
int

bool
bool

long
TIME
TIME
float

*xdr_in;

*wwylD code; /t WWVE trace code L
*wwvb_chan; f* WWVB trace channel o)
*wwyb_head; /* Space for WWVB AH header */
**wwy¢b Lrace; /* Pointer to WWVB AR trace */
*wwvb seq: /* Positlon of WWVE trace r/
*ah_name: /* Name of AH flle with WWVB trace */
all traces’ f* TRUE 1if *-la™ */
spld st: /* Return origlnal starting time */
*old int; /* and sampling interval ol
temp head; /* Space for arbltrary AH header */
*temp trace; /* Pointer to WWVB AH trace */
n_traces =~ 0; /* Total traces 1n ah_flle i
first = TRUE; F* Flag first trace LIV

GOT IT = FALSE; /* Flag whether WWVB found at all */

t_length; /* Trace length L
t starcy /* QOrlginal trace start time L
£t temp: /* Orlginal trace start time wf
t int; /* Orlginal trace sampling interval =/

while (TRDE} |

/* Read header */
1f {xdr_gethead{itemp_head, xdr_in}
break:

T= 1}

/* Relatedness check */
if {all traces} |
1f (first) |
first = FRLSE;
t length = temp head.record.ndata;
t_start = ah2epoch {temp head.record,abstime};
t int = temp_head.record.delta;

alre |
t_temp - ahZepochitemp head.record.abstime);

i1f (temp head.reccrd.ndata != t_length
|} t_temp != + start
|| temp head.record.delta != t_int}

errcri{*Traces hot all related!®);

)

J* Buccespful */
n_tracest+t;

/* Allocate trace storage */
temp trace = (float *}mkdatspace (ktemp_head):?

/* Head trace */
if (xdr getdata{itemp head, (char *)temp trace, xdr_in)
Aarror ("Exrer readlng data record."};

/* Save WWVE when found */

if {is_wwvb{temp_head, wwvb_code, wwvb_chan)] {
*wwvb head = temp head;
*wwiyb trace = temp_trace;
*wwvb_seq = n_traces;

/* Pask back origlinale */
*0ld_st = ah2epoch (temp_head.record.abstime) ;
*old int = temp_head,record.delta;
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GOT_IT = TRUE:

alxe
free ({char *)temp trace);
i

1f {(GOT _IT)
returni{n_traces);

else
arror("No WWVE trace found in ad tracei(s) In A\"RE\“."™,
n_traces, ah_name);
}
TIME
ahZepoch {(ah_t)
struct ah time ah_t: f* Given an AH-header time ... */
' ... return epochal time ./
{
return (timvar [ (Int}ah_t.yr, {int)ah_t.mo, (Intlah_t.day,
{int)ah _t. hr, {int}ah_t.mn, {double)ah_ t.sec,
GREGORIAN] }!
H
llI|I'n
* Petermine whether this trace iz a WWVB trace.
“J
int
1s_wwvb(temp head, wwvhb code, wwvb chan)
ahhed temp head: /* Space for arbltrary RH header */
char “wwib_tode; /* WHVR trace code L
char *wwvh chan; f* WWYB trace channel if ==
DEFAULT CHAN, recognlzes both
“TIME* and "T" (note caps) */
i
1f {(streqi{temp head.atatlon.codsa, wwvbh _code)) |
1f {streq{wwvb chan, DEFAULT_CHAN)) |
if (streqitemp head.station.chan, “TIME")
1l etreq{temp head.statlon.chan, "time*)
Il streqitemp head.statlicon.chan, “T")}
return {TRUE):
elee
return (FALSE}r
}
eleg |
if (streq{temp_head.statlion.chan, wwvb chan})
return (TRUE}; -
aelsa
refturn (FALSE);
}
}
else
return (FALSE) !
]
'\‘i

* Masrage and decode WWVE trace, the latter by calling €. Johnson's

* routiner. Repeort the signal processing and any fudges needed. Compile
* and report statistice on lengths of WWVB "ticks" to reveal inconstant

* digitiszing rates.

L

veld
decode WWVB(rounded, year, min_rate, PRMF_win, wwvb head, wwvb_trace,
new_st, new_int, old_st, eld _int, verboze)

kool rounded; /* Te the trace *rounded” (flltered)? */
int YeEAY ! /* Year: overrlides ahheader Iif 1= [ /
ahhed wwvb head; /* WWVYB AH header t/
float *wwvb_trace; /* Polnter to WWVYE AN trace /
TIME *naw_ Et; /* New starting time *
double *new_int; /* New sampling interval * f
float min rate; /* Minimom digitizing rate posslble */
int RMF_win; /* Resulting maximal RMF window length */
TIME old st; /* Driginal starting time */
double eld_int; /* Original sampling interval ./
bool varboge; /* Write out gory details? *

{
int ne: /* Number of samples in time code »/
int Etrt; J* Starting point in time code ®/
int "kR; /* Record to decode */
Ifloat ELap: F* Sampling rate LV

int lres; /* Decoding “score* (synch., level] */
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/* Time of first sample as returned by WWVA routlne of €. Johnsen */
long kda; /% [(*Julian*) day of vear */
long khr: /* Hour of day */
long kmn; /* Minute of hour */
float gac; /* Saconds past minute )
double threghold; /* Threshold (mean of trace) for
reducing float to binary {int) */
int 11, 13: /* Loop durmies x/
int RME_half; /* Half-wldth RMF wlndow length */

/* Varlables for epochal time tranelatlon */

TIME Tpt;
int tpyr, tpme, tpdy, tphr, tpmng
double tprec;

41 DEBRUG

for (il = 0 7 11 < wwyD_head.record.ndata ; il++)
printf{"%f\n", wwyvb trace(ll]):
tendlf DEBUG

/* Despike with long-window running-medlan filter {maximal
filter pequence would be 3, 5, 7, 5, ..., RMF win,
which i5 slow hut net prohibative.} =/

if (RMF _win >= 3] |

/* Firet kill single-pelint splkes, which are common
and can draw edges toward them by one sample */
if {RMF_win > 3} |
if [verbosze)
printf ("Running RMF prefllter of 3 pelnts ,..\n%);
(voldimedlan (wwvb_trace, wwyb_trace,
{int}wwvb _head.reccord.ndata, 1, FAL3ZE);

]

/* And kill two-point spikes for the same reascon */
1f (RMF_wln > 35) |
1f (verbose)
printf{*Running BMF prefilter of 5 polnts ...\n"};
{voldimedlan (wwvh trace, wwvb_trace,
(int}wwvk head.record.ndata, 5, FALSE);

]

/* And do a half wlndow for really long final windows */
RMF _half = } + 2 * (RMF_win / 4);
if (RMF _half > 9} {
1f {verbose)
printf [(“Running RMF prefllter of %d points ...\n%,
RMF _half}:
{voidimedian {wwvb trace, wwvbh trace,
{int)wwvb head.record.ndata, RMF_half, FALSE):

}

J* Run the near=-maximal RMF fllter =/

1f {verbosa)
orintf {*Running main RMF fllter of &d points ...\n",

RMF_win) r
(voldimedlan (ww¥b trace, wwvb trace,
{int}wwvb head. record.ndata, RMF_win, FALSE);

41f DEBUG
for (11 = 0 ; 11 < wwyb_head.record.ndata ;7 11++)

printf {*8f\n", wwvbk trace[li)):
fendif DEERVG

/* Trim unfiltered ends %/
ng = wwyb head,record.ndata - RMF win + 1;
Btrt = (RMF_wln - 1) / 2;

elee |
/* Uge entire (unfiltered) trace */
ng = wwyvb head.recerd.ndata;
BLtrt = 0;

}

/* Interpret the trace intoc blnary */

kg = [int *)emalloci(elizecf{(int) * n=s);
{veldite_bin(rounded, min_rate, wwyb_head.record.ndata,
strt, ns, wwvb_trace, ks);

4+1f DEBUG
for (11 = 0 ; 1} < atrr ; 1141t}
printfi{*=1yn=);
for {33 = 0 : 13 < ng } J)++)
printf{*sdin”, kes(33]):
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for (L1 = 0 2 11 < strt ; 11+4+)
printf{=-1\n");
fendlf DEBUG

/* Dacode WWVB with C. Johnsen's FORTRAN spaghetti */
1f {(verhoge)
printf{*"Interpreting time series ...\n"):
wwvb  (&nx, ks, &step, &kda, &khr, &kmn, &sec, Lires);
If {ireg <= [)
1f {kda == -1}
error {"ELSKEW apparantly in infinjite leop. Giving up.“):
alsge
RITOr{“Wwvb was completely unreadable {(ireswkd). =,
ires);

/* Since ires >» 0, new sampling interval OK. Verify and report it. */
if {{min_rate > 0,0) && (1. 7 step) < min_rate) |
fprintfi{stderr, "New gampling interval is lower“);
fprintfistderr, " than —m argutent clalmed.\n*}:
arroer{"Flltering may have falled; files KROT changed."};
}
elze
*new_int = step;

1f {(verbocse && (*new_int != old_int))
printf ("Sampling rate changed from %.2f to %.3f sps.\n",
1. 7/ old_Int, 1. / (*new_1lnt});

/* Compile and report statlstics on the duratlion of WWYB “ticks™ */f
tick _=izei{ns, ks, Btep, verboze);

f* 1f partly decoded, fill In any unknowns with old values */

/" ires: .y
/* 0 = total fallure to decode L
/* 1 = fracticnal "&ec* CK *f
/* 2 = unlts «f "sec” OK too *f
" 3 = 2]l of "zes™ QK f
/* 5 = fully decoded (Jday, hour, and minute CE too} L

{vold)datlme {old_st,
Ltpyr, &tpme, &tpdy, &tphr, stpmn, satpsec, GREGORIAN):

1f [ires < 5) |
printf ("WWVE was only partly readable (lres=%d):yn*, lras}:

printf(“\tDefaulting to eriginal menth (&d}, day (%d),",

tpme, tpdy);
printf (™ hour {%d}, and minute {&%d4)}.\n*, tphr, tpmn);

f* If part of seconds unknown, defauolt them to old values */f
if (lres < 3) {
doubla tens, unlts, fracs;

if (sec < 0.0 || tpsec < 0.0)
error (“Programming bug 1.7);

1f {ires == 1) |
unite = zint {tpsec);
fracx = sec — aint ({douplelsec):
tpsec = unlts + fracs;

printf ("\tUslng WWVD fractlional seconds*};
printf{(* (%.3f) with criginal units*, fracs);
printf{* of eeconds (%.0f s).\n“, units):

elee If (ireg == 2} |
teng = 10, * alntitpeec / 10,):
fracs = (Bec / 10.};:
fraca = 10, * {fracs — aint{frace)):
tpsec = tenes + fracs:

printf {"\tUsing WWVE unitas and fractional®):
printf (® seconds (%.3f} with original”, fracs};
printf (™ tens of geconds (%.0f s).\n%, tens):

elge
error ("Programming bug 2.*}:
)

else |f (ilres == 3}
tpsec = sec;

&l xe
error (“Programming bug 3.7};
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]

F
*+ Complle and report statlstics on WWVE “tick™ lengths,

vold

/* Decide what year to ume, If O {the default),
use the orlginal trace starting year) */
if (year > 0} |
if (verbose]
if (year != Lpyr)
printfi{"Changing year to %¥d,\n", year;;
el Ee
printf {*Keeping year at %d.\n", year);
tpyYy = year;
}
palge if (verbose)
printf{*Defaulting year to ta.\n", tpyr};

/v If fully decoded, use WWVB date and time */
if {ires == 5} {
/* Translate J-day to month and day */
mnday (kda, isleap{tpyr, GREGORIAN}, &tpmo, &tpdy):

tphr = khr:
tpmn = kmn;
tpsels = pecy

/* Bet start time back te beginning of wwyb trace */
tpsec == (float)strt * step;

/+ Take second tlcks to be half way between the 0 and 1
samples of the binary trace */
tpeec -= 0,5 * Rteps

/% Resolve and store new starting time vla epochal time. ./
*"hew st = timvari{tpyr, tpme, tpdy., tphr, tphh, Lpsec, GREGORIAN}

/* Clean up */
free ({char *)ks);

tick_sizeins, ks, step, verboseal

int 5} /* Number of samples in time code */f
int *RET /" Record to decode Ll
float step; /* Sampllng rate v
hool verbose; f* Write out gory details? * )
int woith [MAXTRANS]; /* Tick wldths */
int n_wdth; /* How many thers are * i
int 11; /* Loop dummy *f
bool firet; /* Flag firet transition *f
int last; /* Previous tick locaticn L
float Kpan; F* Range of intervals L

/* Gather tick widths */
n_ydth = [
first = TRUE;
for {41 - 0 ¢ 11 €« ng = 1 5 1144} |
1f {&(ke[1l + 1] = ks(il]} == 1) | /* Up tick L)
if {first) |
last = 11r
first = FALSE;
}

else |
wdth([n wdth] = 11 - last;
last = 11;
n_wdth++;

}

/* Sort widths */
{voeld)gsort ((char *}wdth, n_wdth, sizeof(int}, icomp);

/* Report varisus renges and deviations */

gspan = (5tep * wdth[nint{C.95 * {double] {n_wdth - 1])}1}
- (atep * wdth[nint{0.05 * {double) (n_wdth = 1)31}};

1f {verbose || {(span > SPAN WARN * rtep)} |
printf {*\nSecond intervals range from %.3f tc %,.3f =.\n",
step * wdth{0], 5tep * wdth[n_wdth - 1]);

if {span > SPAN_WAFN * step)
printf {("WARNING: *):
printf(*5th and 95th percentiles differ by %.3f r.\D\R", Epan}y
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}

f'.
*+ Comparlscn rule for gsort
.7

statle Iint
lcompia, D}
int 5, *b;
{
1f (*a » *p}
return {(1};
else 1T {(*a < *b)
return (-1};
else
revarn (Q);

‘fir
* Interpret WWVB code into blnary by finding transition points.
w
* If "rounded==TRUE", the traneition 1s taken to happen 1 sample before
* the Interval with the largeet slope. This emplricle artifice accounts
* for low-pass flltering of WWYE by the playback discriminatoer, and is
* about right near 100 spe, If “rounded==FALSE", the interval with the
* largest slopa ls taken teo ba the lnterval with the transitien., This
* assumpticn 1= appropriate for CUSP data, and probably much cother.
|
* If the difference peak has a flat top, kblnary output transitions at
* the earllest part of peak.
%
* This routipre CHANGES the input trace (wwvh trace}.
]
vold
to _bin{rounded, mln_rate, npts, strt, ns, wwvb trace, ks)
bool rounded; Ff* I the trace "rounded" (flltered)? */
float min rate; F* Minimum dlgitlzing rate pessible */
long npts; /* Number of samples in input code */
int n& ! /* Number of samples in output code */
int ELrt; /* SBtarting point of cutput within
the input array ./
Iloat *wwyb trace; /* Pointer to WWVB AH trace "/
int “kEF /* Record te dacode *f
{
float ‘mins, *maxs:; /* Arrave of ming and maxs * /S
int nmins, nmaxs; /* Number of mins and maxs */
float min_th, max_th; /* Thresholds for mins and maxs */
int acan_win;s f* Window length for "global* extreema */
int 11, 313, kk: /* Loop dummies ¥
bogl firse; /* Flag first transition */
int new_val, eld valy /* Urad in binary translator */
int blas; f* Put transitions of the binary

trace this many sample intervals

froem the largest-first-difference
interval * /

f* Initlallize */

ming = {float *}emalloc{sizecf(float});
nming = 0;

maxs = {flecat *lemallocci(slzecf {flcat}):
rnmaxs = -

if (rounded)

blas = =1;
2]l Ee

blasg = 0;

f* Take first dlifference of lnput
{peints contaln the following~interval first difference) =/
for (11 = 0 7 il < npts = 1 ; 1i++4)
wwvb_trace[ii] = wwvb trace(il + 1] - wwyb trace(iij;
wwvb trace[ii] = wwvb trace[li -~ 1]; f* Xludge */

f* To determine appropriate threshelds in the firset difference,
filrst ceollect all local mins and max s */
Ior (i1 = strt + 1, 33 = 1 ; §j < ns = 1 ; di++, J4++4} |

if (wwvb_trace[ll]} > wwvh trace[ii = 1]
&L wwvh trace[il]l > wwvb trace[il + 1]) {

maxe[nmaxs] = wwvb trace(il];
nmaxs++;
maxs = (float *}erealloc{ichar *)maxs,
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Blzeof (float] * [nmaxs + 1});
i

1f (wwvb trace[il] < wwyb trace(ll - 1]
&4 wwvD trace{ll) < wwyvb trace[ii + 1]} {

mins(nmlins| = wwvb trace(lii];

nmins++;

mins = (float *jereallec({char *'mlns,
Elzecf (float} * [(nmins + 1)3;

]

1f inmaxe <= 0}

error ("No local maxima foung in firet difference,"):
1f (nmineg <= 0}

errar ("Noe local minima found in first dlifference.“):

f* Use TH_FUDGE * the TH PER‘th percentlile as the threshold */

[vold) geort { {char *)maxs, mmaxs, slzecf({flcat), fcomp):
max th = TH FUDGE * maxs((int}) {(flcat)nmaxs * TH PER / 100.})):

{void)gsort { {char *)mins, nmins, sizecf(float), fcomp):
min_th = TH_FUDGE * ming[ (int) ({float)nmins * {1.0 - TH_PER / 100,))};

/* Find transition peolnts and translate to binary */

f* Find the *global® peaks by scanning for the min/max a window =/
gcan_win = MAX(l, 0.1 * min rate); /" May fail st low sampling rates */

/* Value prior to first transitlon neot known at beginning */
first = TRUE;
for {11 = strt, 33 = 0 ; 43 < ns - {1 + blas) ¢ il++, J3++) |
if (is_max (wwvb trace, 11, npts, scan win, max th)} {
new val = 1;
old val = 0;
ks[j) + I + blas] = new wval;

if (first) {
for {kk = 0 ¢ kk € 43 + 1 + blas ; kk++}
ks[kk] = old val;
first = FALSE;

else 1f {is_min(wwvb_trace, il, npts, scan win, min _thi} |
new_val = 0;
old val = 1
ks[33 + 1 + biax] = new val;

1f (first) |
for {(kk = 0 ;7 Xk < §3 + 1 + blas ; kk++)

ks{kk] = old_wal;
first = FALSE;

)

alga 1f {(!firat)
ks[]} + 1 + bias] = new_val;

}

J.I't
* Comparisen rule for geort
*f
static int
fcompia, b}
float *a, *D;p
{
if (*a » *hb)
raturn (1):
alge LI (*a < *b}
raturn {=1):
else
return (0}
}
‘f-t
* Find “global* maximum,
*7
kool
le_max {wwvb trace, ii, npts, scan_win, max th)
float *Ww¥h trace; /* Pointer to WWVE AH trace */f

int 11; /* Index to wwyb trace =y
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long npte; /* Nomber of samples in lnput code */
int gcan_win; /* Window length for “global“ extreema */
float max th; f* Thrashold */
{
int left, right: /* Window indicles L
int 33z /* Loop dummy */

/* If not a local maximum (or flat), 1t cannot ke a2 global maximum *=/
1f {wwvb trace(il] <€ wwvb trace[MAX (O, 11 - 1})

|| wwvl trace[il] < wwvb trace[MIN(npts, ii + 1))}

return {FALSE):;

F* IE it the largest polnt in windowz +/
left = MAX{0, 11 - (int) {scan_win / 2));
right = MIN{npts, 11 + {lnt} {scan win / 2}}:
for {J3 = left ; 33 < right » 13++)
1L {wwvb _trace(l}}] > wwvb trace[il])
return {FALSE);

/* Tf the polnt at 11 I5 a lecal maximum {or flat},
I5 {one of) the largest polnt(s) in the window, and
IS5 greater than the threshold,
it i a "global maximum* */
lf {wwvb_trace(il} >= max_th)
return {TRUE}r

]l E&
return {(FALSE):
]
J.Ft
* Find *global® minimum.
o
boal
is_min{wwvb trace, 11, npts, scan_wln, min th}
fleoat *wwvb trace; /* Pointer to WWVB RAH trace «7
int 11; /% Index to wwvb_trace ol
long npts; /* Number of samples in input code */
int scan _win; /* Window length for “global* extreema */
float min_th; /* Threshold L
{
int left, right; /* Window Indicles */
int 313: f* Loop dummy L¥

f* If not a lecal minlmum {or flat)}, it cannot be a glebal minimum */
1f (wwvb_trace[il] > wwvb trace[MAX (0, 11 - 1)]

|| wwvb trace(li] > wwvh tCrace [MIN{npts, 11 + 1}1}

return (FALSE};

/* Ig 1t the smallest polnt in window? »/
left = MAX{0, 11 - (int) {scan win / 2}};
right = MIN{npte, 11 + (int) {scan win / 2}};
for (33 = lefr : 33 « right ; Ji++}
if (wwvb_trace(]))) < wwvb_trace(il])
return (FALSE);

JS* If the polnt at 11 IS a local minimem {eor flat),
I5 (one of} the smallest polnt{s} in the window, and
I5 lese than the threshold,
it is a *glsbal minimum~ =/
if (wwvb trace[ll] <= min_th)
return (TRUE}:
else
return {(FALSE);
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ft
* AH filter AHWWVE (AH WWVE reader) ilnclude file.
-y

fdefine NM_LEN 128 A* Maximum fille-name length
fdefine STR LEN 256 f* Maximum scratch-string leansgth
fdefine MX_LST 1024 f* Maximum llne count of 1irtflle

/¢ Becognize WWVB channel names "TIME", "time“, or "T" +/

¥define DEFAULT CHAN "DFult™

F* Ragduca RMF window by thls facter
te account for glow transitlons 1n the reclever »/

fdefine RMF_FUDGE r .60
fdefine RMF_FUDGE_= 0.a0

f* Use TH_FUDGE * the TH_PER‘th percentlle as the threshold
determining what a "egharp corner™ 1ls {for interpreting trace
into binary form), */

fdefine TH FUDGE Q.5
fdefine TH_PER 8.

/* How many WWVE “ticks" to complle statistics on +/
fdefline MAXTRANS 2000

F* B warning 1s issued 1f WWVBR *ticke* ({95th - Sth percentile}
vary by more than thls many sample intervals */
fdefine SPRN_WRRN 5.0

7
*f
4

-59 -
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i structure for data file header =- witte, 11 June 85 L

fdefine ARHEADSIZE 1024

ddefine CODESIZE &

fddefine CHRANSIZE ¢

fdaefine STYPESIZE B

fdefine COMSIZE &3

#define TYPEMIN 1

fdefine TYBPEMAX 6

fdefine LOGSIZE 202

idafine LOGEKRT 10

fdefine NEXTRAS 21

fdafine NOCALPTS 30

typedef struct |
float X7
flcat ¥r
} vector:

typedel Btruct |
float r:
float iz
] complexs

typedef struct |
double 1
double i
} 4 complex;

typedelf struct |
float XX}
fleoat Yy’
float XY7
} tensor;

struct ah_time |
ghort ¥Ir: /* year . f
short mo ; /* month *
short day; i+ day * f
short hr: /* hour *
shart mn; /* minute x/
float FeC; /* second *j
}:

struct calib i
complex pole; /* pole *
COMpiaxX Iero; /* zerc * f
HH

struct station_info {
char code [CODESIZE):; /* statlon code L
char chan[CHANSIZE]: 7% lpz,spn, eto. *f
char sLype[STYPESIZE];/* wwssn, hglp,etc. */
fleat slat: /* gtatlon latitude */f
float slon; i - longltude */
float eley; i - elevation */
float D5; F* galn *f
fivat AD; A* normalization */
st ruct callb cal [NOCATPTSY; /* callibration info */
I

struct event_info [
float lats: /* event latitude vy
float lon; i " longltude "/
float dep; i - depth n/
struct ah_time ot; f* = origin time oFi
char scomment [COMSIZE]; i comment line
}i

struct record info {
Ehort type; /* data type (int,float,...) '
long ndata;y /* number of samples */
float delta; J* gampling interval '
float maxamp; /¥ maximum amplitude of record */
gtruct ah_time abstime;/* start time of record sectieon */
flcat rmin; /* minimum value of abscissa *f
char reomment [COMSIZE) 2 /* comment ]line
char leg[(LOGSIZE]: /* log of data manlpulations */

1;

typedef sLtruet |

/* statlon Iinfo =/
F* gyent info

/" record info

struct statlon_info statlion;

struct event _info event;

struct repord info record:

float extra[REXTRAS]; /* freebles */

1 ahhed;

*f
*f

i

*/
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ddefine FLCAT
idefine COMPLEX
fdefine VECTCR
ddefine TENSCR
fdefine DOUBLE
idefine INTEGER
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c

C———— elskew : 11 sclutlon to n equatlons in m unknowns
c
subroutine elskew {m,n,at,d,gu,gd, small, x)
C
c Note @ transpose form
c
C find x(1) to minimize:
C
c n m
o esum = zum(skewnorm{k, sum [(di{k}-atil,k}*x{i}) }}
C k=]l i=]
c
C { guik}, 1f {er.gt.+small} }
C ckewnormik,er} = er * { 0.0 , 1f error 1s small )
G { gd{k}, if {er.lt.-small) }
c
c——=-—Note: This routine has been modified te accept the transpose of
C the *a* matrix. This was done bercause 1t 15 more convenlent
C to set up a packed transpose when one does not know
c the number of equaticns a prierl.
= -Carl
C

real atim,n}.xim},d(n),guinl,gd{n)

real w{2000), F{2000}),b(4,4),col (4), row{d}
raal scid),gfid),gpld).gm{4)

real hit,small,wt,cldk.gr.tk.t,.e5um

integer k (2000}
integer i, 7].k,1l,m 0, kick,loop, ml,mh, new

o= Also change value ln format statement 160
lnteger*d looped, MXLCOP
parameter (MALOGCE=100000)

if (m.,lt.5.and.n.lt.501) goto S
return

5 icoped - 0

do 30 J=1,m

x{])=0.

de 10 1i=1,m
10 b{itj}-ﬂ-

sc{]l=0.

de 20 i=1.n

sci{ji=sc{j}+abs(at (],1))

20 continue

bil,3t=n/Bc{j}
g continue

do 40 1i=1,n
Fily=d{i)
k{l)=1
40 cont inue
locop=0G
50 loop=locp+il
kick=l+med (loop—-1,m)
if {leop.le.m) goto 180
c
cr=-~=-=find best equation to ~kick= out of basis
de 110 1=1.m
gp{l)=0.
gm(l)=0.
gi{li=0.
110 contlnue
C
do 135 1=1,n
if {abs{f{l)}.1lt.small}) gote 120
if (fil),gt.small) hit=guil)
If (f(l),.ilt.small) hit=gd(l)
do 115 4=1,m
giji=g{l)~at {J,1}*hit
115 continue
goto 135

120 do 130 i=1,m
wt=0,
de 125 j4=1,m

wt=wt+at (1, 1)*b (). )

125 tont inue
1f {wt,1t.D.) gpill=gp(l)~guil)*wt
1f {wt.gt.0.) gp(i)=gp(l)-gd{l}*wt
1f (wt,gt,0.} gmi{i)=gmii)~gu(l)*wt
L dwille .00y griil=—geillagd (1)«
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130 cont lnhue
135 c¢ontlnue
C
cldk=0,
do 150 1=1.m
gr=0,

do 140 4=1.m
gr=gr+g (i) *b{j, 1)
140 continue
1f ({gr+gpii)i*{gr+gm{i}).1lt.0.} goto 150
tk=min(abs {gr+gp(l}},abs (gr+gmil) )}
if (tx.gt.eldk} kick=1
if {tk.gt.cldk) cldk=tk
150 esontinue

c

if {oldk.e=g.0.) return
c
Cm——— Glve up if seem to ba in infinlte loop.
= Maessage thie with zare vector {not adequate in general!)
i

looped = looped + 1

1f {locped.gt . MXLOCP) then

do 160 4=1,m
={3}) = 0.0
160 continue
retyurn

endlf
[
190 continue
al
guwr-=find scalar t where X=x0+{col of b}*t

do E0 i=1,n

wi{ll=0,

de &0 j=1,m

wil)=w(i)+at (3, 1) *b(j,kick)
80 cont inue
call skewer (2000,n,w,f.gu,gd,small,.k,t,ml,mh)
i
G —— = plck out new hasis
news=k (ml}
do 70 l=ml,mh
if (abs(winew}).lt.abs{w(k{i))}} new=k(l)
70 cont inue
t=f{new)/w(new)
esUm=0,
do 80 1=1,n
fil)=f(ly-wi(l)*t :
if (£(l).gt. 0.) esum=gsum+guill*L(i)
1Ff (f{y.lt. 0.) esum=esum+Qd{i)*fi(i)
B coht inue
=
gm=w—=ypdate X and basle matrix as descrlvedi{transposed} 1n hadley p.
de 90 3=1,m
col{d)=bij,klck}
x(Jr=xi{dr+col {J1 Lt
row {})=0,
do 85 i-1,m
rowii} =row {j}-at {1,new)*b (i, ]} /w{new)
BS continue
30 cont inue
row(kick)=1l./winew)-1,
do 100 i=1l,m

do 95 4=1,m
bii, ) =b {1, )+col {1} *row (i)

35 continue
100 continue

gota 50
c

gnd
-
E_*_*_n_*_-_-_i_i_*_ﬁ_t_ﬂ_ﬁ_t-t_t-*_*_i_i_i_t_i_i-t_*_i_*_i_i_t_i_t_i_t
c

subroutine skeawer (nd,n,w,f,qu,gd,small k,t,m},mh)
=
r solve rank 1 overdetermined eguaticns with skew norm
E
c inpute=- n,w, f,u,d,small, k., putputs- k,t,ml,mh.
c
c find t to minimize
c
c n
C le = sum skewnormik, I {k)-wi(k)*t}
c k=]
v
o whera:
C [ guik}* {er-small} 1f er,gt,+small gu.gt.o
C skewnormi{k,er) =( GaQ{K}={er+smaliy i1l =Ti.i%."amalil T
C { U. 7 If abs{er}.le.small,ge.C.




elskew. £ Fri Oct 8 09:57:41 1593 -64 -
c

& acu,ggd,w,and f are referenced indirectly as wikil)),1=l,n etc.

c minima will be at equations k{ml},ki{mi+1},...k{mh)

c

real wind},find),gui{nd},gdi{nd)
real g{2001)
real gn,qQp,&small,er,t,.gnt,gplx,.gmix,grad,gpt

C
integer X(nd}
integer low, large,ml,mh, itry.n,kix,i,1,k,mlc,mht,nd,ixg
C
low=1
large=n
ml =
mh=1
gn=0.
gp=0.
C
do 50 ltry=1l,n
Kix-lowtmod { {large-low) F3+iltry, large-lowtl)
1=k {kix}
1f {absiw(l}).eq.0.} goto 50
t=f{l)/wi(l}
F{l}=wi{l}®*t
do 10 l=low,large
1=k {i)
ers=f{l]-w(l)"*t
gill=0,
if (er.gt.small} gf{ll=-wi{l}*gu({l}
if jer.lt.-gmall} g{l}=—-wi{l)*gd(l)
10 continue
call split{low, lacge, k.. mlt, . mht)
gni=gn
do 20 i=)ow,mlt
ixg=k (1}
gnt=gnt+g (1xg)
20 cont inue
gpt=gp
de A0 i=-mht,lazge
Ixg=k {i)
prt=gpt+g{ixg}
an continue
gpl x=0_
gmlx=0,
do 40 l=m]lt,mht
1=k {1}
1f {(wil).11t.0.} gplx=gplix-wi{l}*gu(l)
1f {wi{l).gr.0.) gplx=gplx-w{l)}*gd({l]
1f (wil).gt.0.) gmix=gmix-wi{l)*gui{l}
if (w{l).1t.0.) gmi=gmix—w(1)*gd{l}
40 contlnue

grad=gnt+gpt
1f ({grad+qgplx}*{grad+gmix}.lt.0.}) goto &0
if (grad.ge.0,) lows=mhi+]
if (grad.le.0.}) large=-mlt-l
if (low.gt.large} goteo 60
1f (grad.ge.0.) gn=gnt+gmix
if (grad.le.0.) gp=qQpt+gplx
if {(grad+gplx).egq.0.) ml=mlt
if [igrad+gmix) .eq.0.) mh=mht
=11 contlnue

60 mi=min0{ml,mit)
mh=maxd {mh, mht]

Ireturn

end
c
C—t—k_ kN B e e o W W W W W W W e e
c

gubrecutine split (low,large, k,g,mlpass,mhpass)

glven g{k (i)} ,i=low, large

then rearrage k{i},i-low,large and flnd ml,mh so that
(gi{k{l)),i=lew, {(ml1=1)}) .lt. 0 and
(g{k{1)},i=ml,mhi=0. and

{gi{k(t)),1={mh+1},large) .gt.C.

OO0 000

real g {32000}

L 1]

integer kilarge)
integer ml,mh, ixg,. keep, k., 11,1, ixgml, ixgmh,
* mlpass, mhpacs, low, large

ml=10w

mh=large
1% mi=-mi-1
20 ml=ml+1l
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30
40

50

&0

10

lxg=k (ml)

1f (giixg)) 20,30,30
mh=mh+1

mh=mh-1

ixg=k {mh}

if {giixg)) 50,50,40
keep=k {mh)
k{mh}=kiml])
k{ml}=keep

1xgml=k {ml}

ixgmh=k (mh}

1f (giixgml) .ne,g{ixgmh)} goto 10

de 60 l=ml,mh

11=]

lxg=k (1)

if {giixg).ne.D.Q) gote 70
continue

mlpass=ml
mhpa&E=mh
return

keepwk (mh}

kimhj}=k {ii}
K{il)=keep
goto 30

end

_65 -
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c
(gl PRl Sl ol PRl P L TR L P L PR R IS UL DN NI EIY NN N NN JENY NN PR VSR DN ENUNNY JEENUSNY NN N
C
C==cuepwvb 1 wwvb decoder (determines absolute time of flrst sample)
in | & ] L & |
uesage : call wweb(minrat, ne, ke, step, kda, khr, kmn, sec, ires}
L LR B o & 4 & ok w LR N koA

oo onnOoOoOonDnoaAanAINoOonNaOoaoO0OOnNnoo0O0nooannin

n

E'l

C

(=

=

ns 3 number of sample in time code
ks : reccrd to decode {standard integers,
already massaged into unsplkey blnary)
gtepr ! sampling rate
kda : {"Jullan*) day of year (lres = 5}
=1 indicates infinlte loop exit from elskew!
khy : hour of day ilres = 5}
kmn : mlpute of hour {lres = 5}
Eec : Reconds past minute {lres = 3, 5)
seconds pakt 10 Bec mark {lres = 2}
mpeconds past 1 Eec mark {lres = 1}
irers : Eynchronizaticn level obtained

= total fallure to deccde

= 1 sacond synch. ({fracticnal “sec" now OK)

= 10 second synch. (upnlts of "zec" OK too)

= minute synch. [(all ¢f *sec™ now DK)

= fully decoded {day, hour, and minute OK too)

h Ld b = O

blame t carl Jjohnson (39 apr H3)

Modifled for hard typing and external signal processing by
J. R. Evans, USG5, Menlo Park, March, 1992,
ARlsc demystified the use of *tD" and "td™ in “rdecod"
common block--they had been assumed to form a
sequentlal pair in memory due to their places in
the common block (dangercus and obscure programming).
These valuez now are buffered through “tov.

subroutine wwvb (ns, ks, step, kda, khr, kmn, sec, ires)

real g,slast,wt,.rate,s5del,step,small,x310, xj60,

* Recs,tt (2]

real BUM, Eex

I1ntegear ks{l}

Integer 1,1},42,13.14,15,3,31,12,]s,ns,15, ismax, 1syn,nsyn,
lres,krate, 110, maxl0, mknt,lat,itick, ntick, n,
kede, 310, nl10, 3160, imn, imnl0, dmin, ibase, Lhr, 1hrld,
ida,idald,idalog

integer kblas,kslE

integer*4 kda
integer*4d khr
integer*d kmn

real pec

include *rdecod, inc”

lemax = ng = 1

kda = {

c*-w==ginnal conditioning
C¥———= {replaced by robust processing in the calling routine}

‘:*

Crt====hiag calculation

ct
n-
ci

Egm = 0.0
do 120 1ig=1, ns
SUm = aum + ks{i=sn)

c*120 eontinue

:*
EI‘
:H
E-!'
:ﬂ-
E-i-
ﬂ‘!’

kbiag = gum / ns

convert to binary representatlicen
do 130 1s=1, ns
ksie = 0
1f {(ks(lE) .gt. kbias) ksis = 1
ka{is) = ksiE

c*130 rontinue

tt

c*———-{irst order deglitching

cﬁ
C*
,:i'

do 150 i = 2, 1emax
If tkgtle} .me. ke(le-1) .and. Ke{ls} .ne. ks{is+1l}]
K5 {ir) = ke{lg+l}

£*150 continue

c
o=-
C

Calculate appreximate digltization interval

do 220 isyn =~ 1, MAXSYN
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kpyn{isyn} = 0
220 econtinue

¢ Riring—-edge detactor
i1gyn = 0
do 230 is = 1, igmax
1f {isyn .1t., MAXSYN} isyn = Isyn + 1
1f (kxE(ls) .&=g. 1} gote 230
if (ks(ilE+1) .eg. 0} gotoc 230
kayn{layn) = keyni{isyn] + 1
leyn = O
230 contlnue

o Calculate approximate sampling perlod {"step*)
& kper = 0
mknt = 0
do 250 isyn = 1, MAXSYN
if (ksynilsyn) .le. mknt} goto 250
mknt = ksyn{lsyn)
krate = lsyn
£50 continus

rate = 0.0

wth = 0.0

de 260 1=1, 3
j = krate + i - 2
rate = rate + 4 * kaynii)
WL = wh + ksyn{l}

260 contlnue
Tate = rate / wt
step - 1.0 / rate
o write(*, *) ‘rate, xtep :*, rate, =tep

ireg = Q

if (krate .le. 1 .or. krate .ge, MAXSYN] return
C
c-=~===Calculate time cocde phare

alast = ~10.0

c
do 315 1=1, 10
k10(i) = 0
315 contlnue
nsyn = 0
C

do 320 is = 1, 1smax
1f (ksi{ls} ,eqg. 1) goto 320
1f (ks{ls+l} .eq. @) goto 320
& = ig * stap
sdel = B - Elast
if (edei .lt. 1.0 — 2.0 * step} goto 320
Elast = E
1f (s5del ,gt, 1,0 + 2.0 * stepn} goto 320
s = E
g = 5 ~ 38
g=rrmew==Injtial crude phase estimate
110 = 10,0 * &
110 = 110 + 1
if {110 .gt. 10} 110 = 1
x10({110) = k10{i10} + 1

neEyn = neyn + 1
ksyni{nsyn) = 1s
C type *, neyn, ix, =x
1f (n&yn .Qe. MAXSYN) goto 340
320 eentinue
if ineyn .1t. 10} gotc BBD
c
gua=waFlrst crude phase {fractlonal seconds} estimate
340 maxll = [
do 345 1-1, 10
if (K10{1} .lt. maxlD) goto 345
maxl0 = k10 (1)
t0 = {i=1) * 0,10
345 continue

c type *, "crude t0 7, t0

C

gr=w==Setup nermal equatlons {(tec find start-time fractional
c geconds and sample interval}: t = £t + step * i5

&

do 350 1=1, nsyn

gu{l) = 1.0

gdi{i) = =1.0

lat = 2 » {1 - 1}

at {lat + 1} = 1.0

at (fat + 2% = kEyn(l)
C xx = step * keynil! - ¢

t(l) = anint (Etep ™ XKEYRILL) = Lu)
z type *, 1, kayn{l), ti{i), xx
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350 continue
C
g--=r—50lve for flnal "tO0" and *"step®
gmall = step * 0,01
tall elskew {2, nsyn, at, t, gu, gd, small, tt}
C
c-————If sxited apparant infinite lecop, then bug eut, lndicating garbage
if (tt(l).2q.0.0 .and. tt{2}.eq.0.0) then
lres = O
kda = -1
return
endlf

th = £t (1)
td = tt(Z)
if (£0 .1t, D.0) t0 = tO + 1.0
if {(t0 .ge., 1.,0) t0 = t0 - 1.0
gtep = td
gec = L0 + td
-
c————-V¥alid sampling Interval {“etep"} and
c fractional seconds cf start time ([("aec"™)
1res = 1

write{*, *} *sync, 1 :7, Bmec

do 380 i=1, nsyn
tl = ¢t + pteap * ksyn{i}
type *, ti
380 continue

aonRaoaonnn

Qe =——=Translate time code elements {(0-fubar, l-zero, Z¢-one, 3-mark)
ntick = ismax * step
if {ntick .gt. MAXEYHN} ntlck = MARXSYR

rate = 1.0 / step

krate = rata

do 490 itick = 1, ntick
11 = anint{{itick - tO} / Btep) + 0.5
1f (41 .1t. 1) goto 470
12 - 11l + 0.2 * rate
i3 = 41 + 0.5 * rate
jd = 11 + D.8 * rate
i5 - 11 + rate

D e Test Ilrst megment
n=12 = 11
1 =0
do 425 1=1, n
3= 3+ keg(ll + 1)
425 contlnue
1f {4 .1t. D.7 *» n) goto 470 1 fubar
kode = 1]
L g
g--~-—Taat aacond BRegmMent
n=13 = 12
3 =90
do 435 i=1, n
1= 34 + ka{iz + 1}
435 cont inue
if (3 .ic. 0.3 * n) goto 450 tick = zero
if {3 .1, 0.7 * n) gote 470 ! fubar

4Tk

kode = 2

[

cen=r=Tegt third part
n = J4 = 13
=20

do 445 1=1, n
I =1+ kil + 1)
445 continue

1f {4 .1t, 0.3 *» n) goto 460 I tick = one
i1f {1 ,1t, 0,7 * n) goto 470 ! fubar
kode = 3

goto 460

t
gew——=Tagt third gegment low
45D neiji4 =13
=20
do 455 1=1, n
1 =9+ ks(i3 + 1)
455 continue
if {J] .gt. 0.3 * n) goro 470 ] fubar
=
c===--Toast fourth segment low
460 n =415 ~ 14
1 =0
po 465 1=-1, o
1 =3 + ks{l4d + 1}
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4E5 cont inue
if {1 .gt. 0.3 * n} g¢goto 470 ! fubar
goto 4B
=
g-———=Fubar
470 koda = 0
T
480 ksyni{itick} = kode
11 = 11 + 1
12 = 15
C write{(*, 5480) itick, kede, (ks{i}, jJ=11, 12
SA80 format (< *, 215, = 2+, 6811)
C
490 eontinue
c
< write{*, 5480) {(ksyn(l), i=1l, ntick)
3480 format{’ *, 6011}
c
[ ———— 10~-gecond synchronizaticon
110 = O
C
do 520 i=1, 10
k1G (i} = 0
520 continue
e

do 530 i~1, ntick
110 = 110 + 1
1f (1190 ,gt. 10} 110 = 1
if (ksyn(i) .eq. 2} K10{i10) = K10{110) + 1
530 contlnue

410 = O
nld - 0
do 5S40 1=-1, 10
if (k10{iy .l%f. nl0} gote 544
j10 = §
nig = x10(310)
540 continue

1f {419 .1x, 1} return
xJ10 = (J1& - w0) / step
EeceE = 9.0 — step * (X310 - 1.4}

1f {(kecs .ge. 10.0} Eecs = gecs - 10.0
if {gec¢s .lt, 0.0 } mecs = secs + 10.0

0o 00

if (gecs ,ge. 10.0} then
sece = secys - 10,0
410 = 410 + 10

endlrf

if (secs .1lt. 0.0} then
gaCcs = secs + 10,0
410 = J10 ~ 10
endlf
C
pe=r—=Units of gaconds alsc now valld.
Eel = ESCE

ires = 2
=
e write{*, *} *eync, 10 ', ERec
c

g===-==Minute rynchronlzation
Y60 = 310 - 10
c
£50 460 = 460 + 10
if (j60 .gt. ntick] return
if (keyn{i60 + 1} .ne. 3} gote 550

C
L= Minute mark found
xXJ60 = {J60 - t0) / step
Eecs ~ 59,0 - step * (%360 - 1.0}
1f (secs .ge. 60.0) secs = secs - 60.0
if {eecs .lt, 0.0) secs = secg + 60,0
[

c-====Tgnag ¢f Beconds aleo now valid
FEC = K&ORK
{ires = 3

write{*, *} *sync. 60 :’, sec

de 580 i=1, 300
Eex = Kec + (1-1} * step
type *, i, ksii), sex
S0 continue

nOoogoOonnan

gr=r=-Translate BCL time-of-day code
Cr=em-Minutes
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imin = =7
%20 dmin = Jmin + 1
ibage = J60 + 60 * {(dmin - 1)
1f {ikase + 2 ,1t, 1) goto E20
1f {ibase + 8 ,gt., ntick) goto &BD

call blnary {3, ksyn(lbase+2), 1imnl0)
1f {(imnlQ ,lt. 0} gotc &20
1f {imnll .gt. 5) goto €20

call binary {4, ksyn{lbase+6}, 1mn)
if {imn .lt. O} geto 629
1f (imn .gt. 9} gote 620
kmn = 10 * imnl0 + imn = Jmin
if (kmn .gt, S9} goto €20
1f (kmn .1lt. Q) kmn = Xmn + &0

c

c-—-—-——Hours
jmin = -1

640 4min = jmin + 1

ibare = J60 + &0 * (Jmin - 1)
1f (ibaxe + 13 .1t, 1) gota 640
if (lbare + 19 .gt. ntick) gotoc &80

call binary {2, keyni{ibase+13), ihrlM
tf {{hrl0 .it. 0} goto 640
if (ihrl0 ,gt., 2} goto B4D

call binary (4. kavn{lbase+1€}, ihr}
if {ihr .1r. Q) gotc 640
if (ihr .gt. 9) geto &40

c
khr = 10 * ihrlG + ihr
it (khr .gt. 23) goto &40
if (kmn + jmin .gt. 59} khr = khr - 1
1f (khr .eq. -1} khr = 23
c
C=———— Day of year

Jmin = -1
660 Jmin = Jmin + 1
lbame = 460 + 60 * {dmin - 1}
1f {(ibase + 23 ,1t. 1} goto 660
1f {ibase + 34 .gt. ntick} goto 580

call blnary (2, ksyni{ibamge+23), idalod
1f {1dajQ0 .1lt, D) gote 6&0
if (1dall0 .gt. 3} goto 660

call binary (4, ksyn{lbase+26), 1dals)
1f {id3l0 .lt. D) goto 66D
1f {idal0 .gt. 9) goto E&D

call binary {4, ksyn{ikase+31), ida)
1f {lda .lt. 0) goto 660
1f {lda .gt. 9} goto EE&D

kda = 100 * 1dal00 + 10 * idal0 + ida
1f {ilda .gt. 366 gotoc &&0
1f (kmn + Jmin .gt. 59 .,and, khr .eqg. 23} kda = kda - 1
c
c—+———Translatlon successfull (day, hour, and minute also now valiild]

lresg = 5
return
c
- Translation fallure, return with geconds past minute
B8O return
end
L
c_ﬂ_t-i-l*1_*—l'i-i-i_*_i_*_i_i_i-l*i_i_t_i_i_i-t_*_i_*_i_i,t-i_i_t_*_*
¢
e binary : translate binary time code flelds
subroutine binary (n, kd, ilres)
&
integer kd(l}
integer i,n,ires,ival
c
ival = 0
ireg = =1
do 10 {=1, n
1f (kdil} .1t, 1) return
1f {xd(l) .gt. 2) return
ival = jval + jval + kd{i} - 1
10 centinue
lres « ival
c

return
end




rdecod.inc

(o
c_ﬁ-_i_..t-i_'ﬁ_i_'l-i..*_*_
i

c-—-—==rdacod.inc ¢ Var
C

real*4d gac
integer*4 ksyn
real*d gu

real*q4 gd

real*d at

real*d t
integer*4 X10
real*q

real*q td
integer*4 MAXSYN
parameter (MAXSY

keyn {MRXSYHN)
gu (MAXSYN)
ad (MAXSTYN]
at (2 *MAXSYN)
t (MAXSYN}
k10 [100)

td, td

nobhnnaononaNonn

common Jrdeced/
- at {2Z*MRXSYN),

PN JREE AT L SN NN N NN N N I R NN NER R SR PR PR L R P

lables neaded for decocding

H = 2300}

binary klips

upper constraint
lower constralnt
coef. norm. egs.
right hand side

calculated by ELSKEW ¢alled by IRIGE and WWVE
CAUTION: Due to overly clever programming, 1t
wak assential that t0, td remained a seguentlal
palr in memory. This has been demystifled 1n
WWiB .,

keyn {MAXSYN), gu (MAXSYN), @d{MAXSYR},
t (MAXSYN), kl0{lCc0), t0, td
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e T e T e T e W, By Wy W o W W e W W W il gy Wy B Wl W W B B T Tl aTa Tt fa®

Generlec Makeflle for programs,
Works for any mix of sunid, sund, Fortran, and C {I hopel}.

"maka inetall® falls the rfirat time unless the executable has
already been copled to §5{BINDIR).

The following is required in the user's .c¢shrc:

setenvy ARCR ‘/bin/arch®
1f{ SARCH == "guni®} then
setenvy FLOAT -f68881
alse
eatenv FLOAT =™
endif
seteny DIR_USR /usr/local
seteny DIR_ERC Jusr/src/leocal

Wi M O ol e ol ol omiy whe ol o ol ol e ol e ol W

I7r?

(1~

-u §(FLOAT) -D${ARCH} =Bstatic
$ (FLOAT) -DS${ARCH) —-Bstatic

5 (DIR_USR)

'
n
Rk

M
Ny
5
0
n
P K01

PROG ahwwvb
SRCARC = 5(PROG}.EBrc.a

FERCS = plekew,.f \
wwvh, I

CSRCS = ahwwvb.c
OBJECTS = S{FSRCS:&,f~S(ARCH}/%.0)} S (CSRCS5:I%.0=% (ARCH} /4 .0)

LIBS = S(DIR USR)/liprmf.a =lq =lm =lah
LLIBS = S{LIBS)}

JRCLE « rdecod.inc ahhgad.h

OTHERS = Makefile ahwwyb.man announce announce.rev b
ahnnounce.rev? S{INCLS}

OTRERBRIN=

L - ansCript -r2 —-p-

$(ARCH) /S ([PROG) 1 5 (DBJECTS)
5{CCY S{CFLAGES)} % (OBJECTS) $({LIBS} -o %8

${CBJECTS} = $([INCLSE)

S{ARCH)/%,0: %.&
5(CC) S${CFLAGS) —-¢c 5{@F:.p=,c) -0 5@

S(ARCH) 7%.0: W £
5({FC) S{FFLAGS) - §{BF:.o=.f}) -o S8

ingtall: S{ARCH} /ingtall S{ARCH} /S (FROG)
i /bin/em install
# Iln =3 S5{ARCH}/install install
Jbin/mv S(BIRDIR)/S{PROG) S{BINDIR)/S5({PROG).old
cp 5 {ARCH} /7% (PROG} 5 (BINDIR)
chmod 755 S{BINDIR) /% {PROG)
Atouch install
8touch ${ARCH} /install

# CAUTION: do not run "make clean* on more than one machine at a time;
# the archive comnands [(*ar*) might conflict.
clean:

bin/rm S{ARCH) /5 {PROG} 5{0OBJECTS) % {BINDIR!/5{PROG).old

aAr ruv 3% (SRCARC) % (FSHRCS} 5(CSRCS} S {0OTHERS) 5 {0OTHEREBIN)

lint: $(FSRCEY S [CSRCS) &{INCLE)
Jusr/pin/lint -xh -u %{FSRCS) S${CSRC5} S{LLIES) > lint

print: S{FSRC%) 5 (CSRCS) S{0THERE)
# pr =166 57 § S§P

shacript 52

ftouch print

printall:

# pr =~166 S{F5RC5} % (CSRC5] 5 {UTHERS} | &SP
anscript 5{FSRCS) ${CS5RC3) 5 (OTHERS)
fteuch print

printexport:
pr -t S{FSRCS} S{CS5RLS) 5 (OTHERS)
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To: cdawxohfiyers crokerfiyers mosesfandreas michaelfandreas juliandandreas onelllBandreas AWalter lindh@gsvax0 lyer@gsvaxo

Cc: evanefevanie
Subject: AHWWVE

My new WWVB interpreter for xdr-AH flles is now ready. It has Deen
tested at 100 spx on elght five-day-recorder examples Irom Arizona and
one CUSP example from Pasadena. It should work well, but could regquire
a little tweeklng for your own cases. It prcbably has the mest robust
£ignal massaging of any WWVB reader--I spent the better part of a week
looking at time codes and making that processling smarter. It uses &
serieg of running-median filters and an edge finder. After massaglng,
it uxes Carl Jehnson‘e inflagrevious FORTRAN spaghettl teo Interpret the
time code. Carl’s routine determines digitlzing interwval and fractional
seconds by an L1 flt, so the results are pretty good, though variations
of .02 8 along the trace are reutlne with flve-day recorders.

The result is good enough to have shown just how bad current flve-day
recorder digltizing le--tape speed, and therefore dlgitlzing rate, vary
by a8 much as 40% in the worst cages {2 of the 8 tested!) producing a
visible telescoping of the WWVE signal. AHWWVE tries Lo warn you

absut these problems by raporting any apparent fluctuatlons In WWVB
gecond=1ntervals in the masgaged trace.

cource code and documentation are in:
lyers:/we/ltch/evans/src/proc/ahwwib

5und exeacutable 1a:
evange:/wefitch/evans/usr, sunl/ahwwvb

Sund{ executable is:
iyers:/we/itch/evans/usr. sund fahwwvb

AHWWVBE spawns an AHCLE Jokb to make the actual file changes, 50 you need
that routine too. AHCLK alsc 1s used by EFICK to change flle start
time and digitizing rate, and iz a sometimes-useful fllter by ltself.

Source code and decumentatlon are ing
iyers:/we/ltch/evans/src/proc/anclk

5un3 executable in:
evanegs:/we/ltch/evans/uar. . suni/ahclk

5und executable is:
iyarg:/we/itch/evans/usr.sund/aheclk

To complle, you alsc need my RMF library {which also contalns a rather
good general despiker):

Source <«ode Ir in:
iyers: /we/itch/evans/erc/lin/rmf

sund binary l=:
evanegg: /we/lcch/evansg/usr.suni/librmf.a

Sund binary 1a:
ivers:/we/itch/evans/usr.sund/librmf.a
111 put coples of the manual pages for AHWWVE 1n your boxs,

Good Juck!
Jehn Evans
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To: dawson@lyers croker@iyers mosesfandreas michael®andreas Jullanfandreas conellllandreas AWalter lindh@gsvax( iyerfgsvaxd

Cc:; evansRevanss
Subject: AHWWVE

A "=nc" {no change) optlcn has been added te AHWWVE to supress changes
to the ah traces themselves. The default is to change the trace data.

ARWWVEB now alsc prints {stdout) a summary of the results, as follows:

—————— e W B e
File "tbnhl320.xdr*, code “LTB&", channel “"spT":
start time = 1990/11/08 13:20:01.3316 UTC

sample interval = 0.0101375813 s (96.6428359 sps)

N N N N SN N N S NN SN B S e e e s e sher s ol bl e B WP U I NS DN GED SN SN SIS SEE S SN SN SN SN SE SN SN SN S S

some folks prefer to collect a list of cleck cerrectliens rather than
applying them to the traces, Hence the abillty to get thls message
without changlng the trace data.

Eleasa let me know 1f vou dizcover any bhugs.

-=John Evans
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To: dawsonfiyers crokerdlyere michael8andreas julianfandreas oneillfandreas AWalter
Cc: avansfavenss
Subiect: AHWWVE

More diddiing with AHWWVE {(hopefully this will be all for awhile):

Tharae is now a =-v* flag to make it verbose (formerly the only
cholece). If missing, one only recelves warnings and the final
answer.

With —v, it will act as bkefore but with additlon of two llines ol output
("AHWWVE verbose cutput:® and “Interpreting time geries .,..*}, the
former At the beginning and the latter when it flpishes flltering and
starts trying te interpret the cleaned up trace. There are also a
number of miner punctuation changes for the sake of consistancy. Two
typical examples are appended here. Script writers take note.

Bruce ran into another bug for high sample rates, The L1 fitter
scmetimee went into an infinite loop, 7Thisz should new be flxed and
a trap installed just Iln case.

Plapse let me know 1If you discover any other bugs.

=~=John Evans

iyers(evans}:11l==> ahwwvb =m 80 tbnhl320.xdr -vb LTB6 epT -v¥
AHWWYE varbose culputt

Longesat FMF window 1r of 15 points,

Compensating for low-pass flltered WWVB.

Running RMF prefllter of 3 points ...

Running RMF prefilter of 5 points ...

Running main RMF filter of 15 points ...

Interpreting time series ...

Second intervals ranges from 0,993 to 1.004 5.
sth and 95th percentlles differ by 0.010 &.

Defaulting year to 19350,

Changing start time and interval ...
ahclk =1 thnhl320,xdr.a?8305 -5 1990 11 08 13 20 1.331641 -1 0.0101375H13
... Buccessful,

e s r e R W WY D e e e e

£ile *thnhl320,.xdr”, code "LTB&, channel “spT™:
Start time = 1590711708 13:20:01.3316 UTC
sample interval = 0.0101375B813 s {9B.€42859 sps)

iyers{evans}:1i2==> ahwwvb -m 9%0 06.2%.0192,4.ah -vh 0192 4 -nc

mmmrm————— s e eem————— WY e et m s s ————

File "06.29.0192,4,ah", code "015%2%, channel *4-;
start time = 1991/04/10 14:06:29,.2087 UTC
Sample interval = 0.0009%99850 & (1000.011012 Eps)

i e e I B B B S S e e e e e she ek e - A SN EEN BN NN SN BN SN N S R S e e ul

ivers(evans} ;113=u:




BugRepoxt 10 23 92 Fri Oct 8 09:57:50 1983
BUG REFPORT for AHWWVA.
The lags glven wlth optleon "-d™ ware aspplied with reversed sign

in verslons pricr to 23 Qct 92. If you have source code, change
ene line of ahwwvb.c as follows:

from; new st —= lagg / 1000.0; f* Remowve any delay L
to: naw gt += (lagg / 1000.0)7 /* Remove any delay ./
Otherwine, get binaries from:

sund iyers;/wefitch/evane/usr, sund

sunai evanss: /we/ltch/evans fugr.sunl

Lorry about thls, folks.

== John

- 76 -
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13, Appendix G: Manual Page and Source Code for ahclk

The program ahclk is a C program called by ahwwvb t0 actually make the changes to start time and sample rate
in an xdr-gh scismogram’s header. Program ahclk is a creation of the first author. Both the source code and the
manval page are available wa anonymous fip from  "andreas.wr.usgs.gov® In  directory
"~ftp/pub/outgoing/evans/wwvb”. This Open-File Report serves to release them to the public, subject to the Him-
itations cited on the title page.




—m‘_“__—_—_

.78 -
AHCLK (3P) MISC. REFERENCE MANUAL PAGES AHCLK (3P)
SYNOPSIS
ahclk -l list_file [ -5 year mo dy hr mn sec ] [ «i new_interval ]
DESCRIPTION

Changes starting time andfor digitizing interval in the header of one or more traces listed in list file
(same format as list_file used by epick). Copies through, unchanged, all traces encountered that are
NOT listed in list_file.

ahclk is intended primarily for correcting start time and digitizing interval of data from "five-day
recorders” and other instruments that record a time code in parallel with seismic data, but which may
give inaccurate start time or digitizing interval due to inaccurate intermal clocks or analog-
instrumentation foibles. Hence, it assumes that all traces in list_file are exactly the same time interval
as all the other traces listed. You will get bizarre results if this is not so.

ahclk can be used o correct for clock drift and similar errors that apply individually or to a subset of
traces in the AH file by listing just the appropriate trace(s) in list_file.

ARGUMENTS |
-1 list_file must contain one or more AH file names and wrace sequence-numbers.
OPTIONS
=5 year mo dy hr mn sec is the time of the first sample in the file {(e.g. "-s 1990 10 20 11 04
20.071™). Replaces "ahhead->record-»abstime” in the ah header. These six values must all be
positive,
“i new interval is the new sampling interval (seconds). Replaces "abhead->record->delta” in
the ah header, new interval must be positive.
SEE ALSO

epick—X11 ah picking routine derived and extended from Lamont’'s sunpick. epick calls ahclk to
invoke changes in trace timing derived from "altermate time” picks (i.e., of time codes recorded in
parallel with seismograms). ahclk may be used as a stand-alone filter in the normal way as well.

Other ah flters.

BLUGS
list file must be sorted with all the traces for any particular file together and in ascending numerical
order within each file, mkahlist does that for you. Someday, akclk could be made smarter about this,
but it hasn’t been yet. ahclk does verify this ordering, however.

Should get smart enough to check relatedness of traces being changed.

AUTHOR
John R, Evans, USGS, Menlo Park, CA. Ornginal written September 25, 1990.

USGS Menlo Park LAasL CNange: WALIUGL 1O, L7V _
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f'l‘

* A filter AHCLK {AH CLocK changea):

L)

#include <stdip.h>»
¢include <rpc/rpc.h>
#include <local/ahhead.h>

fdefine NM_LEN 128 A* Maxlmum flle-name length bl
ddefine STR_LEH 256 /* Maxlimum ecratch-string length */
fdefine MX_LST 256 /* Maximum line count of llstfile *f

ddefine strnaq !strncmp
4define streq st remp

struct ah_time NULL_AH_TIME:  /* NULL starting time v/
vald errorf): f* =lg {error.c} L
vold report [) f¥ =1 (errer.c) t
FI1LE *efopeni); /* =-1q (efopen.c} ./

char *progname;

malniargoc, argv}

int arge;
char FhArQy;

{ -
FILE *1ist flle; 7+ llstflle a la “epick” v/
char 1ist_name [NM_LEK];
void filter{l: /" Defined below */
struct ah_time new st; /* Hew starting tlme */
double new_int; /* New sampling interval "/
void mod:_files(}; /* Defined below */
int seq_ck () /* Defined below */

/* Inltiallize */
(void)bzerc{{char *} (&NULL AH TIME}, slzeof (NULL_RH_TIME)});

new st = NULL RH TIME; /* No-change flag v/
naw_int = =1.; /it No=change flag ./

list _name[0] = "\07;
1ist_file = (FILE *) NULL;

J* Check usage */
1f {arge < 5}
error {"Usage: %8 -1 listflle (=5 year mo dy hr mn se¢) [~1 nhew intervall",
argv (0] ;

progname = argvi(0]r

/* Interpret command line argumente */
for [(=-argc, argv++; argc; —--arge., argvii) |

/% llatfile name */
1f (strneqg{*arqv, *-1", 23} |{

-—Argc, Argvi+;

{void) stropy {llst_name, *argv):’
I

/* new start time */
else if {strneqi{*argv, “-s", 2)) {
——Arge: ArGV++]
if (argc < 6)
repcrt ("Bad start time");
new Et,.yr = atol (*argv); —-aIgec; argv++;
new st.,mo = atcl (*argvl; ——aIrIgQe! Argvi+;
new st.day = atol{*argv); --argc; argv++;
new st.hr = atel (*argvi; ==-argc! argv++;
new _Et.mn = atcl (*argv}; ~-argc; argvid;
if {sscanf{(*argv}, “%f*, &{new_st.rec}) I= 1}
report ("Bad start time“);
]

/* naw Bampling interval */
else 1f (strneqi*argv, *"-1", 21) {
==AYGC; ATQVH+]
1f ((secanf{{*argv), “%lf“, é&new _int) != 1) ||
(new_int <= D,})
report ("Bad sampling interval*);

else
error{*Illegal option \"&s\M¥, *argvl;
}

/* Open selsmogram listfile */
1f£(11st name[0] == *\D’}

erroz (“Necd ListElile nomavis
ligt_file = efopen{list name, “r"):
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f* Check requence in listfile =/
rewind (llst _flle);
1f (!'seq oki{llst file))
error{*listfile out of seguence®};

/* Procegs the named Flles #*/
rewind {115t _flle}:
iveldimed _files(list file, new _st, new _int}:;

/* Exit +/
ivold) fclose(list_fllel:
exlt (0) 7

}

}f'l

* Modify all flles in list file; copy all others unchanged.

./

veld

mod files(list flle, new st, new_int)
FILE *1isgt_flle; f* ligtfile a la "epick™ "7
Bt ruct ah time new &t} /* New starting time o
doulble new_int; /* New sampling interval “/

{
vold clage out () /* Deflned below . v/
int copy _head(); /* Defined below *
ahhed tmp_head; /* Space to return ah header */
vold copy trace({}; /* Defined below +/
char frname in[NM_LEN]; /* Input AH-flle name L
FILE *ah_fp in;
XDR xdr in;
char frame_ out [NM_LEN]; /* Temporary output flle name */
FILE *ah fp out:
ADR xdr_outy
int ugld;
int rec_numg
int cur_rec;
char cur file[NM LEN]:
char in_str[STR_LEN]; /* One line from list fille */

/* Read liet flle, processing AH fllas as 1t goes */
ah_fp in = NULL:

ah_fp out = NULL;

cur_file[Q] = *\O*;

cur_rec = 07

while (fgets(in_str, Eizecf{in_str), list_file) != NULL) |
1f {(gscanf{ln_=atyr, "%a%d&d", fname_in, &rec num, &ugid} < 2}
error("Bad listflle fomat."™};

/* Dpan AH file 1T not already copen t/
if {!streq{cur flle, fname_in)) {

/* If inpot flle 15 aiready open, copy through
any remalning traces, then close the cutput
Iile and overwrite fname_in with it */

1f (ah_fp_in != NULL)

close_out (fname in, ah fp in, &xdr_in,
frame out, ah _Ip out, &xdr_cut};

/* Dpen AH file, attach to XDR stream */

{veld) sprintf (fname_cut, “&5.XXXXXXK*, fname in);
{voldimktemp {fname out);

ah_fp in = efopen(fname in, “r%);

ah_fp out = efopen(fname_out, "w"];

xdretdio create(&xdr_in, ah_fp ln, XDR_DECDDE);
xdrstdie_create (éxdr_out, ah_fp out, XDR_ENCCODE);

cur_rec = 1;
{veld)strepy {cur_file, fname in);
]

f* Copy through any unafferted traces prior to target trace */
while (cur_rec < rec num} {

{vold} copy head(étmp_ head, &xdr in, axdr out,
NULL_AH TIME, ~-1.):

{(veid) copy_trace (ixdr in, &xdr out, tmp_head);

CUr TaC++:

)

/* Modify and copy affected traces */
1f {cur_rec == rec num) |
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{vold) copy head{stmp head, txdr_in, &xdr out,
new_at, new_lnt);

{void) copy_trace {&xdr_in, &xdr_out, tmp head):

Cur_rect++;

glse
error ("This should never happen--see Evans®);

/* Cloge out lagt flle palr */
close out (fname_in, ah_fp_in, &xdr_in, fname_cut, ah_fp out, &xdr_out):

}

‘,i't
*» Close out a file palr, overwriting input flle with cutput flla.
7

vold
close_out {fname_in, ah_fp in, xdr_in, fname ocut, ah_fp out, xdr out)
char tname_Iinf]; /* Input AH-file name  */
FILE *ah fp in;
XDR *xdr_in;
char frname_out[]; /* Temporary output file name */
FILE *ah_fp_out:
XDR *xdr_out;
{
int copy_head [} /* Deflned below *f
ahhad tmp_ head: /* Space to return ah header “/
char gys_ str{STR_LEN); /% *gystem™ call argument *f
/* Copy through any unaffected traces remalning in file */
while (copy head{&étmp_head, xdr_in, xdr_cut, NULL_AH_TIME, -1.))
(vocld} copy trace({xdr in, xdr_out, tmp head):
/* Cloge files */
»dr_destroy{xdr_in);
xdy destroy(xdr ocut):
(veld} feloss (ah_fp in) !
[veld) fclose {ah_fp out);
/* Overwrite input flle with output file */
{veldl sprintf{sys_str, “/bin/mv -I %8 k5",
fname_out, Iname_in);
if {(system(sys mtr} & 0377} == 127}
report {"Flle overwrite (nv) falled!™};
}
J.I’i
* Copy through an AH trace, changing start time and sampling interval
* ay requested, (new_st == NULL_AH TIME) prevente change of starting
* time. f{new_int <= Q.) prevents change of mampling interval.
*» Hence *copy head(hd, xdr_in, xdr_out, ROULL AH TIME, -1l.}" coples
* header wunchanged.
[
+ Returne copled header in "hd™, Returns TRUE after successful copy,
* or FALSE if headar could not be read properly (e.g., at end-of=flle}.
*f
int
copy_head thd, xdr_in, xdr_out, new_gt, new_int)
ahhed *hd; /* Bpace to return ah header */
XDR *xdr in;
XDR *xdr_out;
gtruct ah_time new_st; /* New starting time */
double new_int; /* New gsampling interval * f
{
valid log_ahclki}; /* Defined below =/

/* Read header */
if (xdr gethead{(hd, =xdr in} I= 1}
return (FALSE):;

/* Log any changes that will be made */
{vold}lcg _aheclk{hd, new s5t, new_int);

/* Changae start time */

if {!strneqi(char *) {énew_Et), {char *) (&NULL AHR_TIME),
Elizeot {new_gt))}
hd->record.abstime = new_st;

/* Change sampling interval */
1f {new_int > 0.
hd->record.delta = new_1nt;

/* Write header */
if (xdr_puthead{hd, xdr_out) != 1}
error {"Error writing header.");
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return (TRUE}:
i

JI|F-lr
* Leg any c¢hanges made by ahclk,
*F
vald
leg_ahclk (hd, new st, new_int)
ahhed *h;
struct ah_time new_st; /* New starting time v/
double new_int;} /* New sampling interval ")
i
char leg str[STR_LEN}:/* Log message written to ahhead */
vald log_app(); f* Defined helow "/
if (!strneq{(char *} (énew _xt), {char *} {&aNULL AH TIME},
gizeof {new sgt))) |
(veld)sprintf{log str,
“%s: abstime was &3 %d %d %d &d &f;*, progname,
hd->record.abstime.yr, hod->»>record.abstime.mo,
hd=->record.abstime day, hd->record.abstime.hr,
hd->record.abstime.mn, hd->*recerd.akbstime.sec);
(veld}log_app(hd, log_str);
}
if {pew int > 0.} {
{void) sprintf {locg_ =str,
"45: delta was &f;", progname, hd->record.delta);
{vold}log app(hd, log_str):;
}
i
‘I|I't
* hppend log_str to log message 1ln ahhead “hd".
*f
fdafine MIN(a,B) {({(a)<{b)) ? (a) : {b})/* Smaller value */
vold
leg_appihd, log_s&tr)
ahhed *hd;
char log_=trlly;
|
int strl;
void ch_app(): /t* Defined below LIV
" Pind end of non-bklank part of log »/f
for {strl] = MIN(LOGSIZE - 1, strleni{hd-~>record.log)} :
(gtrl »= Q} L& {hd-»record.log[strl] == 7} » ——gtrl}):;
/* If find “null* at start of string, overwrite 1t =/
1f {gtr]l ==~ 4 (L strneg(hd->record.log, “null*®, 41}
gtrl = D;
/* Append new log message */
if (strl != Q)
(void) ch_appiestrl, hd, * “):
{veld)ch_app(estrl, hd, log Etr};
I
I
* Append characters to log unti]l full.
-7
vold
ch_app (strl, hd, log_str)
int "gtrl;
ahhed *hd:
chay log str[];
{
int i;
int 1 len;
1 = O
1 len = Etrlenilog_str};
while{{*strl <« {LOGSIZE - 1)} && {1 < 1 len}}
hd=>record.log[{*strl)++] = log strii++];
hd->record.log[*etrl] = *A\0‘;
)
Ilf-t
* Copy through an AH trace, unchanged.
7
void

copy_trace (xdr_in, xdr_out, hd)
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XDR *xdr_1in;
KDR *xdr_out;
ahhed hd;
{
float *darray;

/* Allocate trace storage v/
darray = (float *)mkdatspace {khd);

/* Read trace */
if {xdr getdata{&hd, (char *)darray, xdr_in) == -1}

error{"Error reading data record"):

/* Write trace */
if (xdr putdata(chd, {char *)darray, xdr_out) == -1}
errcri{"Errcr reading data record®);

/* Deallocate trace storage */
free {((char *)darray);
}

L
* Check sequence in listfile
*/f
typedef struct |
char Iname_1in([KM_LEN);
int redé _nhum;
int ugid;
} TLIST;

int
seq ok (list_file)
FILE *list flle;s

{

char In str{STR_LEN}; /* one line from list fille */
int i:

int same_nm;

int seq;

int rv;

int nlines;

TLIST *file list [MX_LST]: /* known AH-flla namas ¥/

rv = TRODE;

nlines = 0§;
flle list[0) = {TLIST *}emallioc{sizecf (TLIST)};

while (fgets{in_str, slzeol(ln str), list file} [= KROLL} {
1f {escanf{in_str, ™tskdid",
flle list(nllnes)->fname in,
£{file li=st[nlines]->rec_num},
E{file llst[nlines]~>ugid))
»= 2} |

same nm = TRUE;
seq = file list[nlines]->rec_num;
ford{l = nlinea ; § »= 0 ; --11 {
1f (streg(flle listinlines]->fname ln,
file list{i])->fname in)) |
1f {!same_nm]
rv = FARALSE;
if [file list[i])->rec_num >»>= seg
&k 1 < nllnes)
rv = FALSE:;
elze
gaqg = flle list[i]->rec_num;
]

else |
same nm = FALSE;
]
I

nlines++;
1f i(nlines >= MX_LST)
errcr{"listfile too long"):
flle llet{nlines] = (TLIST *)emallcc{sizecf (TLIST});
}
elze
error {"Bad ligtfille format."):
J
for (1L =0 ; 1 €= nlines ; L1++)
free{(char *}flle llst(i]):
return rv;
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FA structure for data file haader - witte, 11 June BS . f

fdeflne AHHEADSIZE 1024

fdefine CODESIZE 6

fdaflne CHRNSIZE 6

fdefine STYPEEIZE B

fdeflne COMSIZE RO

ddefine TYFEMIN 1

ddefine TYPEMAX ¢

fdefine LOGSIZE 202

fdefine LOGENT 10

fdefine NEXTRARS 21

$define NOCALPTS 30

typedef struct |
float X
float Y7
} vector:

typaedaf etruct |
flcat Ty
float ir
} complex;

typedef struct {
double 1}
double 1;
} d complex:

typedaf ptruct |
float xXx;
float Yy:
fioat XYr
} tensor;

struct ah_time [
short ¥YI; /* year “f
shert mo; /* month *
short day; /* day “/
short hr; /* hour */
short mn; /* minute LI
float Eec; /* mocond */
I

struct calib [
complex pole; it pole */
complax Zero; i* rero *f
}r

stroet Etatien infe {
char code [CCDESIZE}r /* gtatlion code */
char chan[CHANSIZE]; 7* lpz,spn, */
char stype [STYPESIZE] /™ wwesnh, hglp,etc. */
float Elat; /* station latitude *J
float Elaon; i " longitude *f
float aleyv; P . elevation *J
float DS; /* galn */
float AD; f* normallzatlon */
struct calllb cal [NOCALETS): /* callbration info LI
b7

stTuct event_info {
float lat; /* gvent latitude 7
float lon; i " longitude *f
float dep; i* " depth *
gtruct ah_time ot; i “ crigin time *
char ecomment {COMSIZE]; i* comment line
1:

struct zrecord _info {
short type; /* data type {int,float,...) */
long ndata; J* number of samples */
ficat delta; /* sampling interval */7
float maxamp; /% maximum ampllitude of record */
struct ah_time abstime:/* start time of record saction */
Tloat min: /* minimum value of absclssa r
char rcomment (COMSIZE] /* comment line
char log[LOGSIZE]: /* log of data manipulations */
i

typedef grruct
gt ruct station info statlon: /* statlon ilnfo */
struct event info event; /* event info =/
etruct yegord info record; /* record info */f
float extra [NEXTRAS]* 7* freekbles */

] ahhed;

o

=/
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#define FLCAT
fdefina COMPLEX
fdafine VECTOHR
#define TENSOR
ddefine DOUBLE
dgdefine INTEGER

- O o Lk P
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1]
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’
4 Make flle for AHCLK,

CFLAGS= $(FLOAT! =g -D35(ARCH}
SRCS5= ahclk.c

OBRJS= S{SRCS5:%.c=5 (ARCH) 7% .0}
LIBS= =lah -1g

BIN = $(DIR_USR)

prog: 3 {ARCH) fahclk

S{ARCH) faheclk: 5{DBJS)
ce -0 %4 $(CFLAGS) 5 (0BJ3) 5{LIBS}

5{(ARCH)/%.02 %.C
cc $(CFLAGS)] -¢ S5(8F:.o=_.c) —o 54

ingtall: ${ARCH)/ahclk
cp 5 (ARCH} fahclk 5 (BIN)

lint: S5 (SECS)
Ausr/bin/lint -xh -u 5{5RCS5} S{LIBS) > lint

clean:
-8rm 5{ARCH) f*.0 S{ARCH} fahclk
el -1 -BExp -f %
-~mHUSGS Computer Program ahclk: Verslon 1.0; John R, Evans" 3
$ (SRCS} Makefile test_ah.in test_ah.out
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In order to uRre the makafile In thils
directory, the following MUST be
in your .cehre fille

#start here

setanvy ARCH */bln/farch?

1f( SARCH == *suni*) then
seteny FLOAT -f&BBB1

el se

geteny FLOAT “*™
endlf

fend heare

. 87 -




- 88 -

14. Appendix H: Manual Pages and Source Code for Portions of librmf and libg

The library librmf contains C and FORTRAN programs for running-median filters and automated despikers
based upon them, The routine median from this Library is used by ahwwvb to filter the WWVB trace, and is
listed here. Several routines from Bruce Julian’s library libg are vsed by ahwwvb and ahclk, and are listed here,
The source code for these routines is available via anonymous fip from "andreas.wr.usgs.gov” in directory
"~ftp/pub/outgoing/evans/library _stuff”. This Open-File Report serves to release them to the public, subject 1o
the limitations cited on the ttle pape.

A descriptive wrileup for the median filter is in file "median.writeup” of that fip directory. Manual pages for the
date and time routines of libg are included, and listed here. The routines efopen, emalloc, and erealloc act just
like their standard C counterpans, fopen, malioc, and realloc, but performing error reporting. Manual pages are
unavailable for the other routines.
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CALENDAR (3Q) MISC. REFERENCE MANUAL PAGES CALENDAR (3Q)
NAME
jdn, date, yrday, mnday, isleap, ckdate — calendar routines
SYNTAX

#include <local/date_time.h>
#include <local/qerr.h>

long jdo(yr, mo, da, caltyp)
int yr, mo, da, caltyp;

void date(n, pyr, pmo, pda, caltyp)
jong n;
int #pyr, *pmo, *pda, caltyp;

int yrday(mo, da, leap)
int mo, da, leap;

void mnday(d, leap, pmo, pda)
int d, leap, *pmo, *pda;

int isleap(yr, caltyp)
int yr, caltyp;

int ckdate(yr, mo, da, caltyp)
int yr, mo, da, caltyp;

DESCRIPTION
These routines perform computations about the calendar.

Jdn rewrns the Julian Day Number of the day beginning at noon of the calendar date specified by the
arguments yr, mo, and da. Date performns the inverse computation, decoding the Julian Day Number n
and storing the results indirectly, through its pointer argumenis pyr, pmo, and pda. In both routines,
the argument caltyp specifies which calendar is to be used: GREGORIAN (modern) or JULIAN (old-
style). These calendar-type codes are defined in the include file date_time.h.

Yrday retums the day of the year comresponding to day number da of month number mo. Mnday per-
forms the inverse computation, determining the month and day of the month corresponding to the ath

day of the year, and storing them through the pointer arguments pmo and pda. In both functions the
boolean argument leap specifies whether the year in question is a leap year

Isleap returns a boolean value telling whether year yr is a leap year in the calendar of type caltyp. 1t is
suitable for use as the argument Jeap to routings yrday and mnday.

Ckdate returns the value § if the date specified by arguments yr, mo, and da is legal in the calendar of
type caltyp, and otherwise one of the values EBADDAY, EBADMONTH, or EBADYEAR, defined in
the file qerr.h.

NOTES
Do not confuse the Julian Day Number, which counts days since 1 January 4713 of the old-style calen-
dar, with the day of the year, which is sometimes incorrecty called the **Julian day'’.

SEE ALSO
date_time(3Q)

A list of the dates when various countries adopted the Gregorian calendar is given in the *‘Explanatory

Supplement to The Aswronomical Ephemeris and The American Ephemeris and Nautical Almanac’’,
published periodically by Her Majesty’s Stationary Office,

S“ﬂ RE-IE&SE 4.1 Lease vinagw.




"_m___._______

- 90 -
CALENDAR (3QQ) MISC. REFERENCE MANUAL PAGES CALENDAR (3Q)

EXAMPLES
The following fragment of code...
#include <local/date_time.h>

AUTHOR
Bruce R. Julian, USGS Menlo Park, Calif.

Sun Release 4.1 Lasl cliaugs.. &
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NAME
timvar, datime - time routines

SYNTAX
#include <local/date time.h>

TIME timvar(yr, mo, da, br, mn, sec, caltyp)
int yr, mo, da, br, mn;
double sec;
int caltyp;

datime(t, pyr, pmo, pda, phr, pmn, psec, caltyp)
TIME t;
int *pyr, *pmo, *pda, *phr, *pmn;
double *psec;
int caltyp;

DESCRIPTION

| These routines convert conventional dates and tmes-of-day o TIME (double precision) vanables, a
form that is computationally efficient and has enormous dynamic range (2.9x10'* seconds to 10° years)
and resolution (one part in 10'"). This form is more than adequate for all purposes, ranging from geo-
logic to picosecond scales. Using ordinary langnage-defined arithmetic operators, TIME variables may
be subtracted from one another to produce time intervals, time intervals may be added and subtracted
from each other and multiplied or divided by dimensionless values, and time intervals may be added to
or subtracted from times to produce new times.

Timvar converts a calendar date and time of day into a TIME variable, Datime performs the inverse
transformation, decoding the TIME variable ¢ and storing the results indirectly, through its pointer argu-
ments. Caltyp specifies which calendar is to be used: GREGORIAN {modern) or JULIAN (old-style).

The C-language include file date time.h defines the type TIME, the calendar-type codes GRE-
GORIAN and JULIAN, and the constant time intervals YEAR, LEAPYEAR, WEEK, DAY, HOUR,
MINUTE, SECOND, MILLISEC, MICROSEC, and NANOSEC, as well as a few things useful with
the calendar(3Q)) routines.

BUGS
No allowance is made for ‘‘leap seconds’, which are periodically inserted w keep the earth and the
clock synchronized for the convenience of navigators.

SEE ALSO

calendar{3Q)

A list of the dates when various countries adopted the Gregorian calendar is given in the “‘Explanatory
Supplement to The Astronomical Ephemeris and The American Ephemeris and Nautical Almanac’’,
published periodically by Her Majesty’s Statonary Office.

EXAMPLES

The following fragment of code finds the number of fortnights between two epochs:
#include <local/date_time.h>
double fort;
fort = (timvar(1983, 5§, 31, 14, 50, 12.34, GREGORIAN) -
timvar{1950, 1, 1, 0, 0, 0.0, GREGORIAN))/(14*DAY);

AUTHOR
Bruce R. Julian, USGS Menlo Park, Calif.

Sun Release 4.1 Last change: 1
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$ifndef lint

-972 _

gtatlec char rcgid{)=*5Header: calendar.c,v 1.1 90/11/2% 12:45:10 jullan Exp $*;

fendlf

J'r*

* Calendar computations {cld and new=style)
# Bruce R, Julian, USGE Menlo Park, CA

>/

dinclude <loecal/local.h>

finclude <local/date_time.h>

dinclude <local/gerr.h>

f* floori{x/y), where x, y>0 are integers, using integer arithmetic */

ddefine gfloorix, ¥y} (x>0 2 {xX}/v : ={{y=-1-(x))/y))

static int ecm[2) [15] = |

{ 0, 31, 59, 90, 120, 151, 181, 212, 243, 273, 304,
{ 6, 31, 60, 91, 12}, 152, 182, 213, 244, 274, 305,

b3

/* Recognize leap years */

ool
lsleap{yr, cal}

int ¥r; f* Year

int calr f* Calendar type
{

ool 1;

1f {yr < &)

yr++;

1 = [(yrid == 0}
1f (cal == GREGORIAN}
1l = 1 &6 {yr%l00 1= 0 || yr¥40g == 0);
return 1;
]

/* Chack calendar date for legality */

int
ckdate{y, m, d, cal)
int y, m ,d; f* Year, moenth, date
int calr /* Calendar type
i
intc *et = eom[isleaply, cal)]l;
1f {y == 0} return ERADYEAR:
1f {m < 1 > 12) return ERADMONTH:

1l m
iIf (d <1 11 d» et[m)-etim-1]) return EBADDAY;
return O;

}

/* Compute day of year */

int

yrday{mo, day, 1p)
int mo, day; /% Month, date
boal ipr /* Leap year?

|
)

return eem[lp] (mo=1] + day;

/* Calculate month, date from day of year “/

vold
mnday (d, lp, pm, pd)
int as /* Day of year
bonl 1p: /* Leap year?
int *pm, Ypd: /* Month, date
|
int iz
int *af = eom[lp];

for {(i=1; dret[1]; 1++}
-m - i_-'I'
apd = d - et [l-1];

}

/* Compute Jullan Day Number from calendar date */
long
Jjdn {yzr, mo, day, cal)

int yr, mc, day; /* Year, month, date
int calsz /* Calendar type
{
1f (yr < 0}
Yr+i;

/* Move Jan. & Feb., to end of previous year */
1f {mo <= 2} |

==¥Ir:

me +w 127

334, 365, 396, 424 ),
335, 366, 397, 425 ),

*/
*/

“f
*/

*/
*/

*/
*/
*f

*/
=/
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return gfleori(long) {4*365+11* {yr+4712), &) + #om|[0] [mo-1] + day =+

[cal==GREGORIAN 7 —qiloori{yr, 100} + gfloori{yr, 400} + 2 : 0);:

}

f* Compute calendar date from Julian Day Number */

vold

datei{n, py. pm, pd, cal}
long n; /* Jullan Day Humber *f
int oy, *pm, *pdr /% Year, month, date ./
int cal: /* Calendar type f

long d, t:
int ¥

/* Find position within cycles that are nd days long */
Idefine CYCLE{n, nd) [ t=gflocr{d=1,nd}; y+=t*n; d-=t*nd; }

/* The game, with bound on cycle number */
tdefine LCYCLE{n, na, 1) { t=gflecrid-1,nd}; if (t>1l} t=1; y+=t*n; d-=-t*nd;

y = —47839;
1f {(cal == GREGORIAN) [
d = n + 31739: Ft JDh =3173%9 = 31 Dec 4801 B.C., *f
CYCLE {400, 148087 /* Four-century cycle *F
ICYCLE {100, 36524, 3} /* 100-year cycle o
] .
alge
d =n + 31777 A* g0 =31777 = 31 Dec 4801 B.C. */
CYCLE (4, 1461} /* Four-year cycle LI
LCYCLE {1, 365, 1) /* Yearly cycle ®f
1f {y <= 0)
-=¥r
DY = ¥;

mnday{{intid, lsleapiy., cal), pm., pd}:

)
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#lfndef 1lint
static char rcsicd[])="SHeader: efopen.c,v 1.2 6710717 11:15:44 Jjulilan Exp 5+%;
fendif
‘,Hr
* Open file, die if can't
# Bruce R, Julian, USG5 Menlc Park, CA
i d
dinclude <stdio, h>»

vold errar{l;
FILE*
aefopen{file, mode)
char *flle, *mode;
{
FILE *Ip:

i1f ((fp = fopen{file, mode}] == NULL]
error (*Can’t open flle “"%s\", mode %s¥, file, mode):

return fp;




emalloc.c Tue Jan 11 15:02:17 1994 -95 -

fifndaf lint
gtatic char rceid[]=“%$Reader: emalloc.c,v 1.2 BE/10/17 11:15:4%2 Jullan Exp $“;

fendlf
J,"'l

* Rllscate memory, die if can't

* Bruce R. Jullan, USG5 Menlec Park, CA

7

fdaflne NULL D

fdeflne u_int unsigned

char *ralloc () /* Unix C library * /
char *malloc(]; /* Unix € llbrary ./
vold arrori); * libg.a *f
char *ragalloci); f* Unix C library 7
char®*

ecallocin, E)
u_int n, EB;

{
char P/

if ({p = callecin, &)} == HULL)
error{"Can*t allocate %u X %u bytes™):
return p;

]

char*
emalloc(s]
u int E7

{

char Di

1f ({p = mallogi{s}} == NULIL}
error ("Can’t allocata du bhyteg™)

return pi:

]

char»

erealloc{p, 5]
char P
u int E;

if ({p = reallocip, &)} == NULL}
errori{"Can't reallocate o bhytes");

return p;
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#1fndaf lint

statlc char resid{|="5Headar; ecpen.c,v 1.2 B8/10/17 11:15:50 Julian Exp $";
dendlf

‘Jt
* Open file, die 1f can't
./

void errori};

int

eopenifile, mode)
reglster char "flle;
register int mode ;

reglster int I;

1f {{f = spen{flle, mode)) « Q)
error{*Can‘t open flle Y "&s\", mode %d*, file, mode}:
return f;
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¢lfndef lint

static char rcsid[]="$Header: error.c,v 1.4 90/04/08 12:32:22 julian Exp 5%;
fandif

Ilf'l‘

* Report error, optlcnally die

* Bruce R, Julian, USGS Menlo Park, Callif, 14 Dec 13E3

"/

#include <stdlo.h>

finclude <local/stdiyp.h>

finclude <varargs.h>

extern int EYE_nerr;

gextern 1int arrbase, nerr;

extern char *sy&_errlisc(}, *q errllst(}):
extern int eLrnG;

extern char Aprognams;

vold exit {};
chax tsprintf();

/* Return errcr message */f

char
*ermsg (lex)
int ler;
{
gtatiec char efl2]:

if {ler == Q)
return (NULL);
if (ler > ¢ && ler < sys nerr)
return (sys errlist{ler]);
ier == grrbase;
1f {ler > 0 && ler < nerr)
return {q_grrlistlier]};

else
return {sprintfi{s, “Error %d™, errbase+ler}}:

/% Print error message */f
/AVARARGS /
statlec void
msg (ArQs}
va_list args:
|
char *fmt; f* Format string L

char o +F

1f {progname)

(veld) fprintfi{stderr, "As5: *, progname);
fmt = va_arg({args, charv);
_deprnt {fmt, args, stderr):;
1f {{p = ermsgiercno}) I= NULL)

(vold) fprint f{stderr, " (%¥5}%, p);
{void) fprint{ {stderr, “\n%});

}

/* Brint error message but den‘t dle */
/"WARRRGS* S
volid
report {va_allsat}
va_del
i
va_list args;

va_start (args};
msQ (args) 2
va_end (args};

]

f* Print errcor message and die */
FA*VARARGE* /
vold
errocri{va allst)
va_dcl
|
va_list args;

va_start (args};
msg{args);

va end{arqgs);
axit (1);
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/s '

C-callable version of routline “madian“, an odd-length running
median filter for fleating-point data.

Arrays are zerc~offget, standard € arrays:

arrin[0..arrlen-1]
arxout [D..arrlen-1]

This is a recoding, rather than an interfacing routine to the
FORTRAN verslon because the latter proved lmpractical due te I/0
gystem lnterference between C and FORTRAN {and because these
difficulties are likely to rise anew each time a new compller is
introcduced even 1f I do clreoumvent them now).

FORTRAN verelon’s “ln* here 1s called "arrlen=,
FORTRAN version’s "m* here 15 called “winlien®,
FORTRAN varsion’s *"n® here is called “hww®,

*f

#ilnclude <stdlo.n>
ddafine TRUE 1
fdefine FALSE O

vold
median{arrin, arrout, arrlen, winlen, lprint}

float arrin{l, arrout[];
int arrlen, winlen, iprint;

float *sort, sorttemps

int *subs, substemps

int hww, icld, inew, J}j, iout, i, key:
int inok, §junk;

viid mederrf {};

ifilprint) {
forintf (stdout, "“\n Starting MEDIAN., Windew length=%31.*, winlen);

fprintf{stdout, * Array length=%101.\n*, arrlen):;
}

hww = {(winlen - 1)} 7 2 /* "Half-window wldth*, whilch In a zerc-offset
array alse peints to middle-polnt of window */f

/* Test for errors */
inok = TRUE:

1f {(wlnlen < 3} {
fprintf{stderr, * Window length too small. winlen=&5i\n*, winlen);
medarrf{L£inok) ;

1

1f (winlen > arrlen} |
fprintf(stderr, " Window length greater than trace length.\n*):
mederrf (Linok);

}

f* Allocate window stolage */
Eort = {(float *Jmallecci{wlnlen * sizeof(float));:

subg = (int "malloc{winlen * slzeof{int}));

1f [§i2 * hww) + 1) != winlen) |
fprintf{stderr, " Window must be odd length. winlen=%5iyn", winlen:
mederrf{&inok) ;

I

f* Proceed 1f lnput parameters are DK */
1f {inck) {

/* "Copy=on™ ands of arrin where RMF ig undefined +/
for{dd = ¢ r 31 < hww ¢ J3++) |
arrout [1j] = arrin(j]]);

I
for{lj = arrien - hww ; 33 < arrlen 5§ Jj++) {

arrout (JJ] = arrin{jj};
;

/v Fill sorting array for first time and bubble Bort s
for{l = 0 ; 1 < winlen ; 1++} |

subs([i] = i;

gort[i] = arrinlil;
}

keay = TRUE:
while{key) | /* hecendlng-order bubble sort =/
key = FALSE;

for(i = 1 ; §{ < winlen ; 1+4+} |
L% fmawhil - 13 * mawh iy |}
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key = TRUE;

gorttemp = sort(i - 1};
gortfi - 1) = gorti{i}:
gprt[l] = Borttemp:;
substemp = subs[i - 1]
subs[l = 1] = subs{i};
Buks([l] = substemp;

]

/* Put result {mliddle point of "sort™)} inte *arrout™ */
arrout (hww} = sort [hww];

/* Thereafter, drop in only the new polnt from “arrin™ to save sorting time */
for{iout = hww + 1 ; lout < arrlen - hww ; lout++} |

inld = lout - (hww + 1); f* points te oldest elemant =still in sort window */
inew = iput + hww; f* polnts to element to be added to sort wlndow */
fori{l = 0 ; subks([l] !'= lold ; 1++); /v find old polnt In sort array */

sort (1] = arrin[inew]; /* replace old polnt in sort array */

gubs[1l] = lnew;

while({l < winlen - 1) { /* move point up list */
if{sorcfl] > sorc(l + 1}) |
Eorttemp = sortfils
gort[l] = gort[i + 1i;
sort[l + 1] = gorttemp;
substemp = subs[1l)]:
subg{i] = subs[!l + 1]:
subs(l + 1] = substemp:

1++;
}
glge |
break;
}
]
whlle(i > 0) I /* move polnt down list ¥/

ifisortl =~ 1] » sort[i)} {
sorttemp = sorc[l - 1j;
sort.[if - 1] = sertl];
gort[i] = sorttemp;
substemp = subs(l - 1];
gubs[l - 1] = subsll]:
subs[l] = gubstemp:
i--;

else {
break;

;

/* Put result {middle polnt of "sort*) into “arrout® */
arrcut [fcut] = sort[hww):

}

if(iprint) |
fprintfistdout, " Return from MEDIAM. \R\n*};

}

/* Clean up */

free {{Char *}garc);

free{{char *}gubs);
}

/* Errcr message anhd flag for Immediate exit */

void
mederrf {inck)

int *inok;
fprintfi{gtdarr, ™ ———-- Errer in subroutine MEDIAN-——-=%n"};:

fprintf{scderr, * {Time serles returned unfiltered.)\n"):;
*inok = FALSE;
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$ifndef lint
static char rceid[}=“$Header: time.c,v 1.2 BB/10/17 13:56:48 jullan Exp $*;

g¢endif
fi
* Computations based on date and time of day
* Rryce R. Julian, USGS Menlo Parx, CA
7/
#include <math.h>
#include <legal/local.h>
#include <local/date_time,h>

/* Convert date and time to TIME wvariable */

TIME

timvar {yr, me, da, hr, mn, sec, Caltyp)
int yr, me, da, hr, mn;
double seg?
int caltyp:

return {double)DAY*{idniyr, mo, da, caltyp)~BRSEJDN) +
HOUR*hr + MINUTE*mn + SECOND*sec;

}

/* Convert TIME variable tc date and time */

vold

datime(t, pyr, pmo, pda, phr, pmn, psec, caltyp)
TIME tr
int *pyr, *pmo, *pda, *phr, *pmn;
double *psec:
int caltvyn;

i
long d;

d = floor{t/DAY);

date (d+BASEJDN, pyr, pmo, pda, caltyp);
t —-= d*DAY:}

*nhr = t/HOUR;

t == {*phr})*HOUR;

‘pmn = £ /MINUTE;

pgec = t - {*pmn) *MINUTE;




born.h
fdefine LAMLAM O
fdefine LAMMU 1
$¢define MUMU Z2
¢defina LAMRHO 3
#define MURHD 4
fdefine RHORHO 5
typedef struct f{
float
float
float
float
double
1 SCATMDL:

Tue Jan 11 15:00:13 1954 - 101 -

Yp: ¥E!

rho;

82(€];
a(61[3];
{*bfunct) {};

double bexpl(), bgaussl);

woid

J|I"I-
F
i
F
'li'i

Average wave speeds

Avarage denslty

Zero-lag covarlances
Correlation distances

3=D Fourier transform functlen

korn_ppl(}, born_ps(), born_sp(), born_ss();

*f
*f
./
*/
*/
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/ CMD_OPT.H
* Include file for command~line argument proceszing
* Bruce R, Julian, USGS Menlc Park, Callf.
*/
fifndef CMDOPT_MH
tdefine CHDOPT_H
Finclude <local/stdtyp.h>

$lfndef OIM

Ydefine DIMix) (sizeof(x)/sizecf{ix)[C])) /* Dimenslon of array *

fendlf DIM

struct command |
int (*c_funec) {}; /* Function to be called for option “/
char *c_name; /* Name of optlion ln argument list */
char *c_args; /* Args (printed for documentation) *f

| char *c_comment; /* Printed out for documentation “f

char *aargil);

struct command *findnamel()};

int Isnargi):

deuble nargi{l:

char “peekargi);

volid pre_help();

vold prt_doc(}s

int fargo; /* Copy of argce */

char *heargy; AT Copy of argy ./

int iarg: f* Argument lndex ./

int nomd /* No. of elements 1n cmd[)] ¥

char tprogname; /* For error messages */

fdaflne PROCESS OPTS {

progname = argv[0]7 A\

earge = arge; \
eargv - STQV;: M
ncmad = DIM{cmd);

for (iarg=l; larg<eargec &é eargviiarg}[0j==*-";

XEQCMD {eargv(liargll)s \
1
fdefine XEQCMD (s)
fendif CMDOPT _H

{(*findname (s} ->c func) {}

farg++} A
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,if-

. cuint.h

% Cubic, blecubic, and tricublic interpolation
ol )

#ifndef CUINT_M
¢define CUINT_H

typedef struct | /* Two-dimensicnal result
float L. /* VYalue
fx, fy. F* Firat derivatives
fxx, IxXy., Iyy: /* Second derivatives
\ PTZ;
typedef struct { /* Three~dimenslional result
float £, /* Yalue
fx, fy, fz, J* Flrst derlivatives
fxx, fxy, fyy. /* Sacond derlvatlves
fxz, Iyz, fzz:
} PT3;
void cuccf()?
vold culnt{);
vold bcucof{);
vold boulnt {};
vold teucof () ;
vold tculnt () ;

f$endif CUINT H
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i DATE_TIME.H
* Tpclude Fila for calendar and tima routinas
* Bruce R. Jullan, USGS Menlo Park, Calif,

"/
#ifndef DATETIME H
fdefine DATETIME H

ddefine BASEJDN 2440588 /* 1 January 1970 L
/* Calandar cocdes */

ddefine GREGORIAN 1 /* Modern calendar */
ddeline JULIAN 4 /* 0ld-=tyle calendar r/
i+ Time intervals *f

fdefine SECOND 1

ddafine MINUTE (€0 SECOND)

fdaflne HOUR (E0*MINUTE]

idefine DAY (24*HOUR)

fdefine WEEK {7*DAY}

fdefine YEAR {AE5*DAY)

ddefine LEAEYEAR (366*DAY)

§deflpe MILLISEC {le«-3+SECOND)

{define MICRODSEC {1e-E*SECOND]

ddefine NANOSEC {le-49*SECOND)

/* Data types */
typedef double TIME:

J* External functions */
int ckdate {}?

vold date [} ;

bool isleap{};

long 1dn(}?

void mnday{) s

TIME timvar{};

int yrdayl);

kenglf DATETIME_H
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i

* Jugr/inelude/local/dec_float.h

*/

typedef long DEC_FLOAT;
typedef struct dec _dble |
loeng h;
long 1;
} DEC_DOUBLE;

double cvdecf{)?
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#1fndaf DECCDE_H

§ifndef MAXBUF

fdefine MAXBUF 20
fendif MAXBUF

char dobuf [MRXBUR ]

char *srrocpy {l;

/* ASCII-to-pumber ceoenverslon (for Fortran=like formatted reading!
/* char *s 1s beginning of field *f

/" int j is5 fleld length *f

i* f 1 converslon function LI

#define DECCODE (s, 3, f} {dcbuf[j]="*\0*, f{strncpyi{dcbuf, 5, 3i}]
#define HASDECPT index{dcbuf, *."}

Yendif DECODE H

- 106 -
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T EARTHCONST . H

*# Bruce R. Julian, USGS Menlo Park, Callf., 15 Dec 1983

*f

#lindef EARTHCONST H
Fdeflne EARTHCONST H

Fdefinae REQUAT 6378.163 f* Egquatorial radius ®F
#define RPOLAR 6356.177 /* Polar radlius ./
#define REARTH €171 /* Equal-volume sphere *f
#define FLATTENING (17298 ,.24) F* {REQUAT=RPCLAR) /REQUAT * J
idefine KM {5280*12+0.,0000254} /* Kllometers per mile

ddefline MILE {1.0/XM} /™ Mllesz per kilometer *f

fendif
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i F77TYPES ., H

* ¢ data types used by 77 compller (installation-dependent]
* VYargion for Integrated Solutions {(4.2BSD) OUnix

* Bruce R. Julian, USG5 Menlec Park, Callf, 2 Jan 15E6

*/
ddefine FTTINT int /* Default integer data type */
tdefine F77LOG inc /* Default logical data type * 7

#sdefine F7TTELARG lang f* String-length argument type */
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/e LOCAL . H

* Rruce R. Jullan, USGS Menlc Fark Calif,, Dec 15 1983

“f

flfndef LOCAL_H

ddefine LOCAL H

dinclude *gtdtyp.h*

#ifndef NULL

fdafine

NULL 0O

fendlf NULL

fdatine
fdefine
idefine
idafine
idafine
#ifndef
fdefine
idafine

PRIVATE statlc
FOREVER for({;:)
ROT |

YES 1

NO QO

TRUE

TRUE 1

FALSE ©

fendif TRUE

#ddefine

DIMix) {glzeof{x)/slzenf{i{x)[0]))

fifndef MAX

fdefine MAX {a,Db)

{{{al>{(b}) 2 {a) : {b}}

Jendif MAX

#ifndef
fdefine

MIN

MIN{a.b} {({{a}<{bl) 7 {a) : ()}

#endif MIN

$define
fdefine
fdefine
fdefine
ddafine
1dafine
fdefine
idefine
fdefine
fdefine
fdefine
fdefine
$¢define
fdefine
tdefine
tdeflne
¢dafine
ddefine
$define

fdefine

fdefine
Jdefine
fdefine
fdefine

ABS{a) : —{al]
FRIL -1

FAILED == =]

SUCCEED O
SUCCEEDED
STDIN ©
STDOUT 1
STDERR 2
READ 0Q
WRITE 1
UPDATE 2
HEAD ©
HERE 1
TAIL 2
reg register

repeat do

until{e} while{' (c)!}
streq !strcmp
strTneqg !strnomp

ffay > 0 2 {a)

la =1

i
A

P
P

II,l"-i
F i

F i

.I'f*

Fi

‘Ift
A

in

FA
FA
‘Ift
‘Ift
‘Ift
P
ft
F*
P

lII|I"t
.i'r‘

ALLOC({x} (struct x *} malloc(slzeof (struct

TURN_ON{x, £} (% |= {f))
TURN_OFF (x, f)  [(x &= ~{f})
IS ON(x, £} (x & {£f))

1S _OFF(x, £} {l(x & (£}))

fendif LOCAL_H

Better name for it
Infinite loop

Truth value
Truth value

Truth value
Truth value

Dimension of array

Larger value

Smaller value

Absolute value
Functicn return

Function return

readi) write() unit
read() write() unit
read(] write{ unit
Mode for cpetif}
Mode for cpeni}
Made for open |}
Whence for lseek ()
Wrence for lseek{)
Wnence for lseek{)

String comparlson
String comparlson

%)}

*/
*/

v/
*/

7
*/

v/

o

*f

*
*/

o

*/
*/
b
L
*/
*/
*/
*/
*/

i
*/
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P MATHRCONST, H
./

fifndef MATHCONST H
fdefine MATHCONST H

/* PI and 1ts relatives =*/

ddefine PI 3.14159265358979324

fdefine PIINV 0.318300988B61R37906&72 A 1./P1 L
fdefine HALFPI 1.570796326759489062

idefine TWOPI 65.2831B530717558648

idefine FOURPI 12.5663708143551730

ddefine SQRTPI 1.77245%385090551603

idefine PI32 5.568327996831 70745 F PIw+] 5 L

f* Irrational square roots %/

jdefine S50RTZ 1.4142135623730%505

Jdefine SQRT3 1.732050B0756887729

#define SCRTHALF 0.707106781186547524

/* Logarithms */

fdefine LNZ D.69314718055994%5310
fdefine LN1D 2,302585092994045&8
fdefine LOG2 0,3010799956630981195
1daefine LOGE D.4342944E8190325182R

/* Degrees per radian and vice-versa */
1define DEG 57.2957795130823209
ddefine RAD 0,.017453292519942325657

/* One degree in radians, a la Mathematica */
fdefine Degree 0,01745329250199432907

/* Floating-peint resclution (machlne~dependent} */
ddefine EPS S.96046448e~08
1defline DEPS 1.38777878e-17

/* Euler’s constant */
ddefine E_GAMMA D.5772156649015326606

/* Array subscripts */
#define X

fdefina Y

fddefine Z

fdefine X4
fdefline XY
#define ¥YX
#define YY
#define X2Z
tdefine IX
#define Y&
ddefine Z¥
fdefine ZZ
dendif

LN e e o fuk B O
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‘fi

- mogeal3id.h
oFJ

#1fndef MODEL3D_H

¢define MODELID_H

fifndef NULL

fdefine NULL O

fendlf NULL

typadef struct |
atruct l1im {
fleoat latD, lon0, rot;

int nx, ny, NIy
] limlts;
float *agrid; f* [0..nx-1] ~f
float sygrid; fv [0, .0ny=-1] *f
float iznrid: /* {0,.nz-1} */
float raag J* [0, . nx=1][0..n¥y-11[0..n2=1]) ¥
float kA AEXN: F* [0,.,nx=-1][D..ny=-1][0,.n2-1] "y
float LS 1T F* [0..nx=11[0..ny=1])[0..nz-]] v/
float *khhgas * [0,.ox-1110..nyv=-11(0..n2e~1] L
float wh R XY ! /= [0,.n3-1) (0..ny-1][0..n2-1] *f
float LA TSN * [0, . hx~-1][0..ny=1][0,.nz-1]} *
float Ak hgyry f* [0, . nx=1}[0..ny-1][0..n2z~1] *f
float AERENYT ! /* [0..nx-1)[0,..ny=1}{0..n2z-1] L
} MODEL3D; -
typedef struct | /* A point within the earth L
float - /* Wave Blowness *f
8%, BY, EBZ, /* Spatial derivatlves */
EXX, EVY, 5ZZ, JF* Second derivatlves a4
BXY, EXZ, BYL} -
} EBQINT;

vold free mdl():
vold sder (),
MODEL3ID *rdmdl [)
#endlf MODELAD H
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i ERRBR.H

* Bruce R, Jullan, USGS Menlo Fark Calif., 15 Dec. 1963
L

#ifndef QERR_H

fdatine QERP_H

fdefine ERRBASE 1000

$define EBADDAY {(ERRBASE + 1} /* Illegal day *f
fdefine EBADMCNTH (EREBASE + 2y /f* Iliegal month * £
fdefine EBADYEAR (EREBASE + 13} /* Illegal year ¥
1define EBADVALUE {ERRBASE + 4) /* Illegal value *Jf
fdefine EFEWDATA {ERRBASE + 5} /* Heot enough data “/
#dafine ENOCONVRG {ERRBASE + &) J/* Convergence Fallure L
ddefine EUNDERFLCOW {ERRBRSE + 7)) J/* Underflow )
fdefine ENCSTATION (ERRBRESE + RB) /* Mo such statlon v/
fdefine ESIZE (ERRBASE + 9) /* Tnapproprilate structure slze */
fdefine ESINGULAR (ERRBASE + 10) /* Singular matrix */
idefine ETOCDEEP {ERRBASE + ]11) J/* Focal depth teo great =/
ddefine EBADFHASE (ERRBASE + 12) /* No such phase * 7
fdafine ENOFEAS (ERRBASE + 13} /* Constralnts are lnconsistent */
fdefine EINFIN {ERRBASE + 14} /* Saglution 15 unbounded o
sdefine ENOTFOUND {ERRBASE + 15y /* Can't find desjred record L
fdefine ENOCUROR {ERRBASE + 16} /* No current origin *f
fdefine ENCCURAM {ERRBASE + 17} /* Neo current average magnitude */
ddefine ECANTBRACKET {ERRBASE + 18! J/* Root not bracketed i

fendif QERR_H
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/" OUARE ., H
* Bruece R. Julian, USGS Manlio Park Calif., Dec 15 1983
./
fiinde!f QUAKE H
fdafine QUAKE H
§include <local/stdtyp.h>
#include <local/date_time.h>
fifndef NOLL
fdefine MULL O
fendlf
sdefine repeat do
fdefine until{c}) whlile{! (¢)}
#define FOREVER for(;; f* Infinlte loop */
¢define NQOT 1
4define YES 1 /* Truth value ./
ddeline NQ O /* Truth value */
ddefine TRUE 1 f* Truth value ®/
ddefine FALSE 0 f* Truth value "/
ddefine DIM(X} (sizeof(x])/slzect({x)[0])) /* Dimengion of array =/
#lfndef MAX
ddefine MAX (a,b} {{a) > {b) ? {a) : (b} /* Larger value *f
dendif MAX
fifndaf MIN
fdefine MIN{a.b) ({a} < (b} 7 (a} @ (kb)) /* Emaller value w S
dendlf MIN
fdefine ABS(a) {({a) > G ? (a) 3 ={a)} /* Absolure value "/
fdafina FAIL -1 /" Functilon return * f
ddefine SUCCEED O /* Functlon return L
Jdefine STDIK D /* read{) write(} unit */
fdefine STCDOUT 1 f* read{) write{) unilt =/
fdefine STDERR 2 F* read{) wrltei) unit =+/
fdefine READ © /* Mode for openi} */
fdefine WRITE 1 f* Mode for openi) wf
fdefine UPDATE 2 /* Mode for ocpeni) o
i* rm——————————E R R O H CQDE § ~———mememmmmmmmrm e e */
#define ERRBASE 1000
ddefine EBADDAY {(ERRBASE + 1} /i* Illegal calendar day */
ddefine EDADMONTH (ERRBASE + 2} /* Illegal calendar menth L
ddefine ERBADYEAR {(ERRBASE + 3} /* Illegal calendar year L
1define EBADVALUE {ERRBASE + 4} /* Illegal value *J
1define EFEWDATA {ERRBASE + 5} /* Hot encugh data *f
4define ENOCONVRG {ERRBRSE + &) /* Failed to converge */
idefine EUNDERFLOW {ERRBASE + 7T) J* Arithmetle underflow "/
4define EHNOSTATIOR {EARBASE + 8) /* Unknown selsmograph statlon */
ddefine E5IZE {ERRBASE + 9)
$¢dafine ESINGULAR {ERRBASE + 10} Js* Matrix is singular *f
fdefine ETOODEEP {ERRBASE + 11) J/* Focal depth too great *f
fdefine EBADPHASE (ERRBASE + 12) /* Unknown selsmic phase code L
fhomssmsommmmne EYENT ORIGIN STRUCTURE —summmrrewnat/
typedef struct |
TIME o _time; /* Origin time */
float  o_lat; /* Eplcentral latitude {(Rad) */
floeat o _lomw; f* Eplecentral lengltude {Fad) »/
fleat  o_depth: /* Focal depth »/
} DRIGIN;
fe wnwr———— 8 T AT I GN ESETRUCTODRE —-—————————e————— L
édefine MXSTCCD 4
typedef struct |
char §_code [MXSTCOD) ¢ /* Station code */
float gde (3] /* Gaocentric direction cosines */
fleat  §_elev; /* Station elevation {(m} *f
} STATION;
r - READING STRUCTURE ~commancmcnncnaaat/f
fdefine CHANSIZE [
4define MXPHCCD 8
f* Magks for flags: */
tdefine ASSOCIATED 01 /* Phage comes from current event v/
ddefine T _EXISTS 02 f* Arrival time exlsts */
fdefine USE_T G4 /* Should use arrival tlime ol
f#ifdef SLO
f¢define 5 EXISTS Ql0 /* Slownass-azimuth exists ol
idefine USE S 20 /* Should use slownsss—-azlmuth */
dJandif
typedef struct {
STATION sta; f* Statien structure *f
char chan [CHRNSIZE]:; /* Channel code L
char phoode {(MXPRCOD1; /* Phase code *}
TIME at ime; /* Arrival time Y/
float setime:r /% Std, err, of arrival time [(s) */
l:hlI ﬂﬂﬂﬂt; !r* JE: ar ril '!‘,F
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chay
char
float
float
41fdef S1OD
fioat
flcat
flgat
dendif
char
} READING:

§ifdef SLO

Tue Jan 11 15:00:16 1594

pol;
qualrs
amp;
freq:

21OWNEess;
azimuth;
seEliow?

flags;:

lI'l"'ﬂ'
Jf'l'

P
Fi
FA

/* Array subsacripts for slowness—vector components */

ddefine EAST 0

jdafine RORTH 1

jendif

F LSO ——— -« I o O W

typedef struct |{
float delta; /*
float aze? i
float azsE; e
float g1[3}; i
float £2[3]: A
int broum; i
int erooder F
float atresid; i
float atsigma; /.
float atwt; A
float atimp: ;e

#ifdef SLO
float szresid[2)]; i
float szsigma; J
float Ezwk; A
float slmp: i

fendif

} ASSOC;

jiwmem———————= RELQC CONT

typedef struct {
thool holdf[é}: i
float apcvthresh? i
float fdevthresh: i
float otevihrash; I
float min depth; I+
float max_depth; i~
int max_iter; F ¥
int max_damp: i
float latart; i
float imin; A
float 1fact; P
float zdamp; F
flpoat  mu; i
int iprinc; i~

i RLCTRL;
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Polarity; e.g. ‘u” or “d* */
Quality ceode ./
Slowness (s/Rad} =/
Propagatien azimuth (Rad) ./
std. arr. of slowness (s/Rad} */
ON STRUCTURE ———swerr=——-m—- */
Epicentral dlstance (Rad} Ll

Epicenter =» statlon azimuth (Rad} LF
Etaticn => eplcenter azimuth ([Rad) L

Slowness vector at hypocenter *f
Slowness vector at station *f
Branch number *f
From body-wave subroutine’ "/
Arrival-time residual "/
Arrival-time atd, err, *f
Arrival-time weight .7
Arrival-time importance */

glowness-azimuth residual (s/Rad} *f
std. err. of =slowness-azlmuth ({(s/Rad)*/
weight of slowness—azimuth obs, L
Importance of slowness—azimuth obs. */

R OL STRDCTUARE m———=———— *J
Cordinate-restraint flags *
Convergence thresheld for aplcenter */
Convergence threshold for focal depth*/
Convergence threshold for coriglin time*/

2malliest allowed focal depth ./
Largest allewed focal depth */
Iteration limit *f
Damplng-step limit .
Initial damping parameter "/
Minimum dampling parameter */
Change in lambda per step L
Relative depth damping b
Frequency of erratic data */
Print-control flag *f

/% Subscripts for origlin compenents */

fdefine ILAT
ddafine TLON

4]
1

fdefine IDEPTH 2

fdefine ITIME

3

J* Print control */

fdefine REVER 0
fdefina FINAL 1
‘fdefine ALL 2
I e e DRIGIN SETATTI
typedef struet |
float chigq; i*
float EUMWL ; *
int ndf: s
int iter; i
int ntagoc; i
int ntused; A
#1lfdef S5LO
int NEAEGE? f=
int nsused; P
fendlf
tbool converged;
tbool held([4];
} STRTIS;
A B ODY-WHAVE R E
typedef struct [
int bw_brnum; i
float bw_t: -

STICE ETRUCTURSRE ==sca=—=eit)
Chl squared LI
Sum of walghte of readings *f
No. of degrees of freedom *f
No, of lterations performed */
No. of associated arrival~time cha. */
No. of arrival-time chs, lsed */f
No. of assoclated slowness cobs, *f
No, of slowness obs. used */
SULT ETRUCTURE ————————=¥/f
Branch number LI
TIravel L.inme .
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float

float

float

float

float
] BWRSLT;
tendif

Tie Jan 11 15:00:16 1994

bW _set;
bw_s51(3);
bw_E2{3]:
bw tdd;
bw_tdh;

P
FA
Fr
i
;e

5td., err, of ¢

Slowneas vector at hypodanter
Slowness vector at station
dp/ddelta

dp/dh
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./
*/
o
*/
v/
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P STABLE.H

* JSGE Calnet seismograph=statlicon tables

*f

#1fndef STABLE_H
fdeflna STABLE H

fdefline CSIZE 4

/* Structure describling open statlon file */
typedef struct stable |

char sidsta; /* Liet of gtatien codes )

unsigned nsta; /* No. of codes In idsta »

FILE *fp: /* Statleon flle *f

long offaet; /* Dffget of info. of first sta.v/
} STABLE:;

/* Structure contalning info, for one station */
typadef gtruct etinfe |

char code [CEIZE] F* Station code *f
float lat, lon; /* Coordinates *J
int lelav; f* Elevation (meters} *F
float P anom; f* P-time anomaly */
fif D
Iloat _anem; F* S=time ancmaly */
fendlf O
float dmag_anom; /* Duration-magnitude anocmaly *f
float amagQ_anom; f* Amplitude-magnitude ancmaly */
int inst; /* Instrument code */
float t_dflt; /* Delault perled for amp mag  */
float cal_dflt} /* Calibration for amp mag o
} STINFO;

STABLE *stopen(}:

vold stclose ()
int stindex{);
int stget (};

sendif STABLE H
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P STDTYP . H

* Vargion for PDP-11, VAX-11l, and ISI V24

*J

tlfndef STDTYP? H
fddefine STDTYP _H

/* Spaclfy machine characterigtics */

§ifdef gun

fdefina USHORT

fdetine VCQID /* Compller supports vold type */

fdefine UTINY /= Compller supports unelgned char type */
fandlf sun

#ifdef mcEBOQD /* Integrated Solutions ONIX */

fdefine USHORT /* Compller supports unsigned sheort type */
tdefine VOID

Fendlf mceaQao

flfdef vanx

ddefine USHORT 7% Compller supports unsigned short type */
{define UTINY /* Compller supperts unsigned char type */
#dafine VOID /* Compller supports veld type */

fandif vax

iifdef pdpll

4defins USHORT /* Compller supports unsigned short type */
difdaf makedev J* Crock to see lf <eys/types.h> harg been included */
4define VOID f* <gys/types.h> has “typedef short wveld* =/
fondif makedev

dendif pdpll

typedef char tbhits, tbool;
typedef int bool;

typedef uneligned int slzatype;
typedef long lbits?

typedef short bite, metachar;

41 fdef USHORT

§ifndef gun

typedef unsigned short ushort;
jendif sparc

#undef USHORT

felga USHORT

typadef unsigned ushort; /* Assumes le-blt machlne */
Jendif USHORT

#lfdef TINY

typedef char tiny;

fundef TINY

fdefine TINY(n} {char} {n)

falea TINY
typedaf char tiny;
fdefine TINYIn) {char) {{{n} & OxB0) ? (~OxF7 | {n}} : (D)}

fendif TINY

dlfdef UTINY

typedef unsligned char atiny;

fundef UTINY

$define UTINY{(n) (unslgned char} (n)
feleg UTINY

typedef char ut iny;

#define UTINY{n) (unslgned} {in) & OXEF)
dendilf UTINY

#lfndef VOID

ddefine vold int

Jendif VOID

$dafing LUVRSHIFT (n,b) ({{long) {n} >> (b)) & {OxVFFFFFFF >> (b~1}})
dendlf STDTYP_H
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