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ABSTRACT

PROJECT BRIGHAM #3s a Department of Defease data
collection effort wher=2in 890 kHz wide samplss of the
HF spectrum ware acgiired using a 25 Hz sampling rate
with 2.8 kHz rasolution for a period of up to 2.4
minutes. The main tacrust of this paper has been the
visual examination of the data on a graphics Jdisplay
with the idea of id=sntifying drastic and un2xpected
changes in either individual signals or tne entire
wavefront; those chanjes being 3du=2, at least ian part,
to signal transformition —ressulting fronm various
ionospheric phenomena. In aldidition, an 1in-depth
statistical study was <conducted on ssaveral of the
specific signals witn the hops of aiding in the
formulation of an algorithm to =2fficiently 1iutomate

the receiving system's sensitivity ssttings.
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I. OBJECTIVES

The objectives of the project wer=2: (1) to zontinue tha
visual, or graphical, 2analysis of the BRIGHAY data (the
initial effort of which «+as report2i ian Ref. 1) in aa
attempt to varify anomalous sijynal behavior alreaidy
document=d and to discovar any new anomalies wnica might be
present; (2) toward that end, to mak=z whatever caanges ware
necessary in both the projrams and 3iaca nandling procedurss
to meet either nsw systen constraints or to enhianze over-all
project efficiency; and (3) to anilyzs the daca from a
statistical standpoint (via two =ntirely n=# computer
programs) in an etffort t> d=teraine how often ani by what
amount (in decibels) s2veral diffarent classas of signals
change.

The format of tha2 Jata, particularly that of the 2.4
minute time duration limitation (although thers #3rs several
time-wise contiguous data sets), naade long t2ra analysis,
botn visual and statistical, impossible. In addition, the
daily intercept times for the data sets pracluded any
significant effort baiag mide to correlate sigual
cnaracteristics from evea approximataly thne sams time of tas
day.




II. INTRODUCTION

It is well documentel that as radio signals traverse the
ionosphere (including signals bounced off of ones of its
layers) they ars often cnanged in a aanner that joes beyond
simple attenuation due t> the distancs travelled. Both the
make-up f the ionosphers itself (how miny ions are presant
at any one time, tn2 =2lusive Sporadic-E Jnenoxenon,
night-day asymmetry and the g=2omagn2tic non-r2ciprocity to
name but a3 few) and th2 mor2 dramatic disraptions of
ionospheric behavior (solar flare <caused =1nijaztic storn
activity, polar cap absorption and taz auroral displays are
three) team with the 1ore common, every day paanomena Of
"Faraday Rotation" and ndois2-produciay l1ightning storms «tco
alter any signal with which any or all of tazm coame in
contact. The results caa pe severes atteauation, pronouncsad
amplification, "ducting", "whistlars", and fading (som=2tiaszs
called the Dellinger 3tffact). k=fersnces 2 - 6 were

excellent sources for iond>spheric phenom2na inforaation.

It was felt that the application of graphical tach
to signals which had traversed the ionosphere aigat add soas
insight into th2 problem of exactly what hnappsns to tnega
signals.

For the most part, th2 visual prasentation technijues,
shown in various stages in Fig. 1, as23 in this study w=2rs
the same as thos2 prass=2atad 1in k2 T Howa2ver, soae
changes have been made and will b2"discussed ia detail in
the appropriate section. As in Ref. 1, interestiag sets of
scans have Dbeea reproduc2d as g3Jraph plots (using the

VERSATEC plotter) for further analysis and presantation in

| — _ R
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this paper. All thirty-foar of the praviously unanalyz=3
conplete data sets wer2 studied with varying degrees of
success concerning anomaliss (or, l=2ast, percsivsi to be s2)

found therin.

The swept-tun=d rac2ivar and associated ejuipment used
to acgqguire and r2cord the data sets 1is an operational
receiver equipment used for otaner than experiazntal datz
gathering. Its proper op=ration rejaires fregquant tuning of
numerous sensitivity adjustaments. How often 2anil by what
amount these attenuators and threshslis are cnaaged haves 2
profound effect on th2 performzace of the 2Jjuipment.
Therefore, programs MIN/4AX 1 and MIN/MAX 2 W=2r2 writtsn in
an effort to accumulate =213>ugh statistical data <froa th2
sets to warrant the r2commendatioan Of soms= appropriace
algorithm for «controlliag the attenuator 1ljustment

it
Section IV of this papsr will addrasss itself to that topic.
A. NATURE OF THE DATA

The data was gatherel using a sw2pt-tuned racaiver with
either an omnidirectionial or 12 degrez beam antznna. Th2
data sets were produced oy sampling the caceiver output at 2
25 Hz sampling rate as it scanned jownward througu an 390
kdz band. Each data s=2t consists of, at most, 3537 scaas
(each scan being compd>s23d of 318 contiguous 2.3 xHz wide
bins moving down in fregusncy as the bin numo2r increasss)
placed on 7194 cards. Cird on= givas amplitude iaformatioan,
in 2 dB high quantization lesvels, for bins 1 tarouga 1590
while information on bins 161 through 318 is £fouad on card
two. The quantization levels are givsa in 5-2it Dbinary
words witn evea nuamber2d bin inforamation founi in rows 11
through 3 while oid nump2r2d bian infocmation is in rows 5

through 9. In additioa, esach card has the card numper and

11
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set number punched in ro« 12 for accounting purpos=s. Wwith
each set there is a’ paramnatar card which delinesatas the date
and time of signal acgiisitiom, base frequ=acy, antenna

configuration and attenuation appli=i.

Of approximat=1ly 150 3ata s=ts c=corded, forty-£four were
nade available for this study. Figure 2 is a table of
pertinent information concerninjy th2 forty-two conplete sats

analyzed in Ref. 1 and this paper.
B. CHANGES IN THE GRAPHICAL ANALYSIS Px3CEDURE

Equipment reconfigurations sincs thz graphizal analysis
procedure was formulated aad raport=231 in Ref. 1 and efforts
to make the data .handling more efficient deanandzd several
changes both 1in proceilur2 and 1in the2 twd main analysis
programs, Anomaly A and Anomaly B. Spacifiz information
concerning the workings of ths two projrams miy o2 found ia

Ref. 1, particulacly in ssction II B.

First of all, the sheer number of binary cards to b2
transcribed onto magnstic taps (nearly a gquacter of a
million) cbviated tha card-to-taps technigue usz213
previously. A much fastac and far 1doce reliaols procedars
was initiated wherein ta= IBM 360/67 system, b2loaging to
the W. R. Church Computer Cent2r, was used aftar noraal
working aours. The cards wares first rcead onto 9-track tapes
(800 BPI, even parity) and then transcribed to thz 7-track
tapes (556 BPI, odd pacrity) reguired for thz XDS-9300
computer. Partial dumps #2ce made of all sets froa both the
9- and 7-track tapes to 2ansure that the czards r=2ai onto th2
tapes properly ani that ta= tape-to-tape translation was
successful. The programs used to r=2al the cards >nto tap=s,

tfanslate the 9« to J-track and duap ths tapes f£oc

12
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guality control can be f>und at the end of this paper.

This new system of Jdata 1loading resultiag in the
requirement to cmnange the sections of the Anomily A and
Anomaly B prograims ra2fa2ring to data read-in. This was
accomplished with little difficulty.

Next, a metasymbol subprogram was added to 2acn of tn=
analysis programs to enapls entire files (data s=2ts) to be
skipped when a spacific file rejuir=3i was locat=23 othar than
first on a tapse. By <calling the —rcoutine M"PORSCN" a
keyboard-entered number of files (NFILE = ) wouli be passed
over. This provad to bes =2xtrem=ly valuiole as 3 tim= and
labor saving device. Th=2 coutin= "BAKSCN" was als)> available
for backing over entires files buat caronic tape drive
malfunctions nsgited th= use Oof this even adc2 valuaple
tool.

One final major p:-ogram changse was dictated by a
computer center eguipm2at reconfigjuaration wh2rein the
CALCOMP 563 plottar was nd> longar available. Thz new systam
to be used was tnz PDP-11 zoamputer 1ia conjunctiosoan with a
VERSATEC plotter. This caange reguir=d modifications of tha
analysis program sectioans i=2aling with the procsssing of the
output data (desired plots from the aGIr-10 screz2a), found it

the very end of tae main prograam, and the generation of

W

new subroutine , called the Header Subroutins, which packs
the header data into the proper format for the ©plotting
unit. In addition, a PDP-11 plot package (us2d to interface
the data tape with the plottar) had to b= extensively
modified to meet the d=2manis of this anomaly data. Listings
of the revised Anomaly A and B programs, ths aetasymbol
program for <calling "FORSCN" and "B5AKSCN" and ths PDP-11
plot routine (called "2a.c" for Aaomaly A plots - this
codutine alone is 1listad since ta2 on2 utilizsd for the

Anomaly B graph plots Jdiffers only in a f2w of the

14




approximately 430 lines coamprising "aa.c") can oe found at
| the back of this paper. Subroutines 3INP, GINPUT , FNS and
VCD were not changed 2ad, haencs, ars not lisced in this

paper but may be found ia R=2f. 1.
C. ANOMALY A AND B PLOTS

The plots which hiave resulted <from th2 graphical
analysis portion of tails stady raguire some priot
explanation. Du2 to th= data handling r2strictions imposed
by the XD5-9300 computer, only a small portion of the data
in each set coull be via=w2] at any one time. This resultad
in some difficulty in visaaliziang what «could ba long-term
(time wise) or wide (frejuency wise) ph2nomena aad demandi=3
that each set be analyz=d savaral tinss before the entire

set had Dbeen viawed.

The Anomaly A plots <consist of twenty scaas (signal
wavefronts sampl=d 0.0% s=conds apart - or furthar if scans
were deliberately skipped to view 1loag-term =2£f2cts) with
the most recent scan ii tims falling at the bottom of the
picture. The scans coull be brought onto the scr22n in any
number up to, and incluiiang, twenty at a time. As shown in
Fig. 3, thne vertical axis is marked off in S 38 4iacreaments
which apply only to ta2 bottoam scaa (called "base scan").
The horizontal axis is divided into tan 23 kHz wide sections
each composed of ten frejuency bins 2.8 kdz wii2 for a total
of 100 frequency bins 2aanl 230 kdz. Tails width caa be varied
to other than 100 bins if desirad. The leftmost 2in (tara=i
the "base bin") is select=1 by keyoorad iaput, thus allowing
the analyst to sliisz up and iown th=2 data s=2t
(frequency-wise) it will. The scals aloag ths horizontal
axis, then, consists of iacrements of t2n bins starting with

the "base bin'" number at the origin. Th2 term "oase frag"

15
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refers to the base frejisncy of ths data set ani decresasss
in 2.8 kHz incra2msnts as the bii number increassas. Shading
has been provid2d on some of th2 plots to highlight the
suggdested anomaly.

The Anomaly B plots are a combination of th2 Anomaly A
plot technigue ani a modification wnich =nables the analyst
to view selected bins (signals) in thes time vs. amplitude
domain. At the bottom of =2ach plot are five scans (Anomaly
A style) used to aid 1in ths selaction of the bins to be
plotted in the upper tracss (see Fig. 4). In addition %o
the restricted number of scans to> be se=a at 2oas time (only
5), computer limitatioas reguired that the aumber of
frequency bins presentel be reduc2i to =signty. OJther than
those changes, discussioa >f th= Anomaly A plots is also
valid for the lower set of Anomaly 3 plots. Th2 upper ssat
of Anomaly 3 plots is a3 collection of fiva keybdoard-selacted
signals <chosen <from aa2a3g the scans below. Ths traces arce
numbered one to five, from top to bottoa respectively. The
horizontal axis is a time 1line <composed of =2ighty data
points at least J.04 secoads apacrct (da2pendiang upon the
number of scnas skipp2l, if any) w#ith the oldast point at
the extreme right side of the trace) with tke hisa marcks on

the verticil axis raferin3y to 10 3iB aaplitude i=vzls.

As seen to some ext=nt in ths Andmaly A plots and, more
markedly, in th2 Anomaly B plots, tae scans 1look fractur=i
in appearance. This was aot th2 r2sult of 1intentional
programming,  rather it was the product of the n=w
PDP-11/VERSATEC plot routins conmpination.

15
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ITI. 3RAPHICAL ANALYSIS

A. DISCUSSION

Prior to initiatioa of the grapanical analysis proczass
via programs Anomaly A ani B3, an enumsraction of miany o the
possible M"anomalies" =esxpacted was mads. This was not to
imply either that signals which had b2en wmarkedly affscted
by the 1ionosphesrs woald only =exhibit th2s2 graphical
manifestations of anomaloas performance or that all foras of
signal anomalies would be s=2en D0y the anilyst. Tais
enumeration proceiure was a=r=2ly an actsapt t> 'visualiza"
what effects thoses sigial-changing 1onosphzric phenomena
discussed in the introduction might have on th2 data s=ts
yet to Dbe analyzed. Althouga no att2npt was mide to make
this study's "anomalies" conform witn those idesatified in
Ref. 1, there has b22n 121 attampt to varify any previously
seen.

The graphical effects on the signal waveforus expectsi
were:

1. a sudd=n enhancen2at/d=2prassion of one or more
signals (long or short term);

2. an abrupt discontinuity across an 2ntire
wavefront or pocrtion thereof;

3. a signal "buap" or "vallay" moving eitaer up
or down 1in fr=2Jjuency as the wavafronz
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progresses (Fig. 4, Ref. 1 rsfers);

4. a shift in fregusncy of on2 or mor2 signals
(either short ta2ra, long tera or aperiodic in

nature) ;

5. an un2xd’>lainabl2 enhancement of ons or more
signals with 2 concomitant depression of one
or more signals at the sime time in th2 same

data set;

6. a complats 1Lloss of continuity of thns signal
wavefront £or variable periois of tinmz2;

7. unexpected wvariations in one or mor2 signal
contours as ths wavefront prograsses;

8. any out-of-the-ordinary graphical implication
of anomalous performance.

Effects 1, 2, 4, 5, and 8 were discerned ia the prasant
study while several of tha2s=2, plus =2iffects 3, 5, 1ad 7, Wwere
reported in Ref. 1.

b. ANOMALY A ANOJDMALIES

As shown in R2f. 1 213 verified in this papar, most oOf
the data sets (wha2n wviawed on <the graphics terminal)
exhibited a great measure of uniforaity in signal makeup 1in
the time domain and 31iid not yield any obvious graphical
anomalies. In fact, fully fifty per <ca2nt of ta2 BRIGHAM
data sets failed to provilas any reportaple irrsgularities in
signal pattern with the otner fifty per casnt g3Jiving <fairly

uniform signal wavefronts for most Oof the tim2 recorded.




o —

The latter group did, how2avar, exhibit anomalous (or, at
least, assumei to b2 so) charactaristics which warz
verifications of performaacs reportad in Ref. 1 or w=2re
newly discovered. The aniformity mentioned above aiaed
immeasureably in the detection of z2nomalies since even a
slight wavefroat wvariation could be discerned ia the miist

of otherwise uniform signal progression.

Figures 5 and 3 are tao eXxamples of minor
discontinuities (affectiny 30 to 40 bins - approximately 100
kHz) which appear to be the r2sult of 2 malti-signal
amplitude enpancament for a very short pariod of time. This
effect was found scattsced through almost halfi of tae
thirty-four data sets via2w=31 via Anowmaly A. Figurz2 7 is an
axample of aperiodic discontinuities which ran accoss almost
all of the entire data sa2t bandwidth. TIhis chang2 d4id aot
occur over the entire time duracion of thz2 32t and, as
mentioned above, «could not Dpe traiced over its entirs
freguency spectram. Tais tyoe of discontinaity was also
found in data sets 33 aani 80. Both of the discontinuity
examples were aaticipat23d although ta=s latter form holds the

most promise, anomaly-wisa.

Fading was another =2ffect expact2d but ta2 examples
found were somewhat surpcising in taiat it was anticipaced
that the entire fregueacy bandwidth of 3 signal wavefront
(890 kHz) would p=s affsct23i. This prov2d not td> be the
case, with all of the examples o>f fading implicating at most
20 freguency bins at a tine. Figur2 3 shows the signal
centered on bia 148 fading in 1ad o2at, a process which
lasted several seconds. © Figure 9 shows a much smallar

time-duration fading c=nta2ca2d on bia 24.
A third typ=2 of possiosls anomaldous activity is that of

tne shifting, up or down in freju=ancy, of eithar a sinjle
signal or entirs 390 kdz #ile signal scans. Th2 Jreciss

21




TIME

Set 3,

Figure

Base Scan 141,

FREQUENCY

Base Freq 3.5 MHz, Base Bin

5 - NARROW DISCONTINUITY EXAMPLE #1
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TIME

FREQUENCY

Set 3, Base Scan 1023, Base Freq 3.2 MHz, Base Bin 100

Figure 6 - NARROW DISCONTINUITY EXAMPLE #2
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Figure 9 -
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explanation of this phenoaznon is not availablz but it must
be kept in mini that nalfunctions in the ra2c2iver systenm
itself could be the cause rather taan soa2
ionosphere-relatei activity. Figars 10 shows 31 possible
left snift (approximately 3 bins) 3and distortion oOf twd
side-by-side signals. figures 11 223 12 ars 2xamples of
apparent frequeancy shifts o2f 100 bins bpotkh of waich turned
out to be data set probleas. Since 2ich scan is composed of
two data cards of binary coded amplitudss (bins 1 - 160 oa
card one and birs 161 - 318 on card two), the ord=sr in W#hich
the two cards app2ar and, 2as importantly, the =2=xistence of

both cards for =2ach scan ar2 absolut=2ly vital to the correct

p=-
rn

reprasentation of the signal wavefront. For =2xanple,
card one of 31 scan is 1issing, ta=n card on2 >f the naxt
scan is taken as card two of the formsr. This a2is a ¢&omind
effect which will grapnically wmanifsst itself as an apparenc
shirt of 160 bims in 3ll subseguaant scaas. Figura 11
illustrates precisely tais effect. A mianual s2icch of the
missing from the set. Fijare 12 is an interestinj twist on
this problem i1 that the signal apparently shiftzd 160 bins
to the right (or, down i1 fregu=sncy) and then, taree scaas
later, shifted rigat bicx again. Another s2irch of thz
cards showed that ,as =2xpacted, two cirds wers amissing, on2

to cause <the 1initial 160 bin right shift and 3 second t

O

return the data cards to their corract ssjuencs tarcse scans
later. One 1last exaaple of signil shifting is by £ar the
most interesting of the lot. 4s illustrated bpy PFig. 13,
there 1s a shift down ia frejusncy of approximat2ly 12 bins
(34 kHz) atffectiny tae entir=s 318 bias (850 «kHz bandwidth)
of aperiodically spaczl scans. This phenom2ndn was s22n
over the entire l2ngth of the data s=t at aopparsncly randoa

intervals. Data sets 138 and 143 also agxhidbited tai

n

aperiodic freguency shiftiag, although ta2z number of bins by
wnich the scans were saiftad varied sliyatly over the thrse

sets.




TIME

Set 3,

FREQUENCY

Base Scan 336, Base Freq 3.2 MHz, Base Bin

Figure 10 - SHIFTING EXAMPLE #1
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One final catejocry for possible signal anomalies
consists of five differesat phenomena eaca of wanica occur=i,
with one exception, only once in the thirty-four data sets.
Figure 14 1s an example wherein three different "anomalias"
were present. (It should be not2d that bas2 scan =
"various" for Figs. 14 and 15 m=2ans that eaca 2f the three
sections of the waveforams in the two figures nil diffarant
base scans and iaplies thit this in no way detracts from the
usefulness of the figurss as examples of ths affects in
guestion.) Bins 1 througa 40 and 83 through 938 =exhibit a
very high degree of sijnal attenuition not s=222 in noraal
data sets (i.e. data s2ts not found to nave eithar a
receiver nmalfunction or test signal present). Bins 41
tarough 87 exhibit normal signal chiaractaristics. Bins 101
through 200 evidence 2 combinatioa of anusual ittenuiation
and normal signal activity, while bins 231 througa 270 show
either a general distoction of the signals present or 2
fairly high amplitude 1lavel of aubis=nt ndiss and/or
distorted signals plus njiss. None 2f th2se ph=ndamena could
be explained by receiver nalfunction, data «cari seguencing
or special signal charactaristics (i.e. test sigaal, etc.).
Figure 15 shows a data s=2t exhibitingy no <continuity of
signal whatsoevar. Nons of ths signal “buamps" can be
tollowed in a uniform maiaar as tim2 progress2s. The theory
that a sSerious raceiver system @malfinction was taa cause of
the distortion #3s borne out by a <call to the coganizaat
authority. This malfunction was 2also verified foc data sats
25 and 54. The sawtooth 2ffect se=n at the aidile, rigat
hand side of Fig. 16 is a pattara ndot se=2n elsawa2re eithar
in this set or aany of th2 other thirty-three szts analyzed.
It shows wild <fluctuations in saven adjacs=at amplituie
points (2.8 kHz apart) iia one scan, #her2as tia2 r2s5t of the
scan appears t> Dbe naormal. No =2xplanation for this
paenomenon can be offersl. Another unexpacted anomaly wais
the two flat-toppsd signils, ceater2d at bins 124 and 120,

32




314
- 1 2an
ATdWVXE XATVHONY dTdILTIOW

’d ‘16 39S
uedg aseg

‘¢l boag oseg ‘snorvaep

seqg ‘ZHW 9

T utrgd °

] BRSSP SSiS w—" | 1
| W T | e w5 Fr
I W Y W S e < \/\ A\ o — .
bAYA = X R | A = A N / 3y S\ P \(: ,\ ——— ]
wozfm:r ORI W O e 4 4 o VA% Mi/r/ \J \“ L Ay o /,,\“/,/\ (W\\\M\”“W\\\N\ ERTAY
AN, A W= LA ,«“\\,‘,i\,,\«/(m,.(«»‘ el o 7
AW ALY \ LI BN T AN A e "
PO AR VY v L AN T e
« /N\x\ /L\//r\\\/\/\ ,(> 7 //\\L/\/\ /«M\/.\, S / \ /\‘\ /M £ / He \ \J f‘z,\l:/\\u.w/ et /f,ﬂ\\\)//.\/( \ z\\/\/ Y. S Ll
i A= \ Vs " Nt :.uz/f 4\, S SR r\/ \ —_— o
\/ .“f\ A = (Q/K»\\/ (/)\\(N 4 N@wz\{\k, \ll( /\/\(!., ,//,H \\/\ <>\ N S
A57w/£ />§/>\5585k/)k Sm\w\,ﬂwr\a§;/ﬁm/\ ,/w T )\ﬁ/\‘iiw;§,
,/\l % /\/.\\/\I\/ \/\.//P\\\. /\\!/\m/\ 7 ;)//\lz/ \/\;M\lnml‘ /’(\\llrn/u.\ /\'x.\.:u \/ / /\1 \\“/H\;l. — AT
/rw.’.//)\\,//\\/l\/\\ (\/\l/?\\/ \/)\1\1\/ \/\ Nt \/ 1(./1\ W ’«\ /\r\ G B \ /\v\ ORGP AN
AT Y e e AR\ AN VAV Sy ) ,\C? A e —
(!//.g\g 7\.5,\/\3%)\ /\Q/\(,f\\}r\)/\\\w.\\ NN /J A= AN, < -V \ / k\\ rSIAER TECEL
/ N S \ VW AV, A VT y e tans =
A N AP AL SR e Sa e (><, x\»« i ~en
VaRSVAWAYAS i Y 1 AN Y B 4 \ g S \IJ\) V7 /\ s s
- \V%% r\/\l) 7\/\ /\/).\(\ \/\/ «\ | /\ ‘‘‘‘‘‘ /,4\ /M\va % / \/ /\\/.\ & il s bl e
«z/,.&yg\,/\\,\s/(?),(/,?,\\\,/\//\),\x,w\u”/)\\,,\./3 = 7:’() // \/ V ,/rl A ———
B NN A \\ /P)\J VAN &J{ =
Ty 71&“/»&)&\<H>\?ﬁjf |- _— \ >
N .l/\\.lzw\\/ \An/\/\r\(/) \\u»/\,/\(/\/\\ (\/\/ \l//z\
/\s/L)/Qva/sQ/M»sk (b&f A
~ /(\.(/ \ A

dWIL




AONINOIYA

dTdWVXd NOILONNATYVHW INAWIINOA

T utg 9seg

‘ZHW 1T baxg asegq

‘snoyaev) ueOg 2S5EY

1 1 1

- G1 @2an81yg

‘%7 39S

1 '} 1 1 Il 1 [ | (| | N |

1 " F | ] 1 [

——— e

L ks [ [ [}

TTN——————— AN

\u A/ e N[
A Qw\ m\ \WN\Q ﬁgz\WJ?Ww

O |.,<.|IU M P A i

N S

L e e e s l.l/\\n II//\ /\/ /- NS

\AJ/\

= é-,,-, /,\.--

\/\ \i/>>\g<\~/ \»\2 /> ;

— A~

//\\//\%

\ P Pb A \
J)x,w(, ,unrz

v s

g I S | RS A

i \‘:l|

/\rgﬁd
A% i/é

,\|.|1|11/wk\

fprtmmbare \lmH e

r\u/\/\(/\:)\(\,i/\( )

Wiy

\V?\
<< Sy

\/\,\

AL A AR
N

g <<,i-</ O Ja <</>\<\ \,>1 /
/\/\
SO 1 | o [~
SRR UG e o 1M.7 \/ / ,\,\ / \M/\,Y
A AAAAFAA

s AR Ve iy

S

e € o o Y

TSN
o 1N RIS T RIS

AN [~ A Y

S mcvsofc\i( V(N w, <

WAL VAW AKX Em\.ﬁww

NN e

N f\l R

e VA dhui il
Cw:( $va 1/\‘4 N

/

ARIL

34




TIME

! e O ~
\ 7
y / =
. - o
-t ~
‘ X -
/
= ~ 7N =
4 N ~
7 \ =~ ~
- 7 \
~ N Far % j N\ ~
i N s
-4 / \ =
s ~ / ~
e . \ - i N
/1 ~ i S I ~

.
RPN
\ ~
: (
\ \ -~
) 3
4 v -~ R
~ ~ \) Vv,
\/J ——
) \
X S
| o T

FREQUENCY

Set 3, Base Scan 1815, Base Freq 3.2 MHz, Base Bin 100

Figure 16 - SAWTOOTH PATTERN EXAMPLE

33




n.“_u """ - w ——

tound 1in Fig. 17. It appears to be the rssult of soaz
special attenuation appli=2d to those freguency bpians aloane,
because, as can be s22n by th2 rather "large" signal
cantered on bin 178, other signials appear 212t to be
affected. The additionial attenuation appli=d to this set
during reception , 10 dB, 1is lower than levels ippliad to
other sets which wer2 a2t similarly affect=2d. The bast
phenomenon observed in tanis £inal category is fouad in PFig.
18. For some —reason (other than ths possioility of a
different form of raceiver malfunction taan seen pbefore) an
otherwise normal data s=t 1lost totil signal continuity
across tne entire frequa2ncy pandwidth wita subsegisnt scans
2xhibiting a highly distorted naturs. While tais could not
have been caused oy a card segqu=ncing problem, 1its soucrce
cannot be identified.

C. ANOMALY B ANOMALIES

The Anomaly B progran proviied a different Jarspactivea
from whicn to observs ta2 data sets since it prasented two
dissimilar plots on the scr2en at thz same tima2. The lowar
traces consisted of fiv2 Apomaly A stylz thrza2-iimensional

1
L€

P

plots, tals tim2 only =2ijaty points (or oins) «ide, wn
tne upper five traces Were the two-iimensionil tim=2 vs.
amplitude plots of bins s2lected froam thz tracas oselow. it
was felt tnat this diffarent perspactive wouli =2nhancs the
anomaly identification =2ffort, that it ¢id not was

disappointing.

Jf the eightesn data s2%ts analyz=231 (3, 7, 15, 18; 205,
2y, 33; 30, 37; 38; 40, 41, 51, 53, 61, 80, 125, and 139y,
Anomaly B3 proved wuseful 1ia only ¢two 1instaaces: (1) to
provide a graphic prasantation of ths thres sijynal typss
used 1n the Statistical Aiaalysis Section o5f tais >a
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Set 16, Base Scan 932, Base Freq 9.7 MHz, Base Bin 100

Figure 17 - ATTENUATED SIGNALS EXAMPLE
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(2) to illustrate oae v2ry interasting phenomesnon which
could not be seen by the Anomaly A pr2sentation. As shown
in Fig. 19 this phenom=2nd>n consists of an undulation in th2
amplitude of ths five upparc traces. This "lazy sinusoidal"
variation appears to 1ffact som2 signils more d2£ten than
others. The term “lazy sinasoidal®" should be us=2i with care
since it 1is not wmeant to imply that there is any strict
periodicity to bs found ia the undulation or thit the tracss
look exactly 1like sinusoids. Howavar, nany of the signals
did evidence th2 more smooth (and, hence, sinusoidal)

variation seen in trace 2a=s in the figura.

Althouga only relativaly smootn waveforms arz depicted
in the fiqgure, this effect was identified over a large range
of signal types iancludinjy those whica %ka2yed o>ff and on;
nowever, 1t wis auch eiasier to s=2e tnls phenom2n0n on th2
smooth signals. This viriation was s=zen in evacry data s2t
analyzed although it occared more fr=gusatly ani aotic=2anly

in some than in others.

The cause of tnis undualation couli be: (1) variations ia

transmitter output pow2r levals; (2) recsivar

T2m

ui
ul

y
processing; or (3) 1ionosphara-relizted paenomani including
Faraday Rotation, Sporadic-2 and £aiing.
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IV. SLATISIICAL ANALYSIS

A. DISCUSSION

In conjunction with th2 graphical aaalysis aoproach to
identify signal anomaliss attriputable <to 1ionospheric
properties, an itteapt wis @aad2 ¢to glean additional
information ZIrom the BRIGHAY data by neans of statistical
algorithms; how=2ver, it should be nota2d that no ittempt Was
made to identify anomialiss by tals approacha. 2ither, ta2
programs MIN/MAX 1 and 4IN/¥MAX 2 w=er2 Jdevaloped ia an efiort
to determine 0wno#4 oft2n and by what aamount (2aplicude in
d=2cibels) both signal wivefronts (scans) ani iandividual
signals (pbins or s=2ts of bins) change. It was hoped taat
this new data migat prova useful in tae iavelop2m2nt of an
algorithm to adjust the myriad sensitivity controls found on
the swept-tuned rec2iviay =2quipment as231 to icjuire and
record th2 BRIGHAM data. Although this effort ais notning
directly to do with th= signal analysis effoct reported
previously, it did tak2 consideraple time ani effort to
write the programs and cr2ate tane d2sir=23d data base. In
addition, this evolutioa proved =xtrzmely h2loful in tane
overall effort >f understaading signal characteristics, tas
primary goal of tais stuily.

For the purposes of tais inguiry, tncse diffscent typ=s
o0f signals (one that stayed "on" through most of the signal
duration, one that stayel "off" through most of the signal
duration and oaes that apo2ared to kay on and off througaout

most of the signal duratis>a) ware chosea froa Jdata sats
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which were «collacted 121t various timses of thz Jay. The
juotation marks are used (hsre and taroughou th2 rast of
the paper) to imply a 32n=sral trend notad over the life of
the signal not some unvarying signal characteristic. Pigurz
20 is an Anomaly B graph plot presenting classic 2xamples of
the tnree signal types. Ta=2 "ON" sijnal (exaibiting that
"lazy sinusoidal" amplitude variation amentiosn23 in the
grapnical analysis sectioa) 1is trace 1, the "ON/JFF" signal
is trace 2 and the "OFF" signal is trace 3. Tracas 4 and 5
are merely copies of traca 3 to fill out the plot. A tablz
giving all partinent 3ata o2n the twenty-£fo1r signals
analyzed may be found in Fig. 21. In tae figur=s, sa2t
frequency refers to ta2 base fraju2acy of the sat when the
recording was initiatel whilz TJI @mesans the time o
interception <for the data sat. Anp 3ttempt #3is mades to
analyze two signals fron =2ach »of four diffarent time
categories (interesting from the iomosphere's scaadpoint)
(those being sunris=2, 0023, suaset and aidnigat. With one

exception, set 53 - 2109LOCAL, this =Zfort was c=21iized.
B. STATISTICAL ANALYSIS PxJGRAMS

The first ganeration algorithm d=2veloped, called MIN/¥AX
1, provided for a scaa-by-scaa (dowa entira frejuency
bandwidths - cross sections of many signals - at fixad
times) analysis of a variable number of scans wWwitain 3 jivan
set. MIN/MAX 1 identifi2l eaca of the peaks 1ad vallays
along the scans, chose th2 highsst peak and lov=2st valley
and computed the average p=2ak and avaraje valley haights.
The quantization levels givan o1 the 3iata cards w2re chang=id
to decibels and the amount of atteauatioa appliz2i at taz
time of acquisition was addsd back in to givz recaivagd
signal levels accurately. MIN/¥MAX 1 provad to bz of oaly

small value sinc2 signal wavafronts vice signals themselvas
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were analyzed. A program listing for MIN/MAX 1 may be found
at the end of this paper.

The next generation =2ffort, tabbed MIN/MAX 2, focused on
specific sigrals (the three varieties delin=ited in the
discussion section abov2) and adi=d 3 number of mor2
valuaple statistical E2aturss. Lik2 1its predecessor,
MIN/MAX 2 identified eaca of the peiks and vallzays, chose
the highest peak and lowzst valley and computed the average

peak and averages valley h=2ights.

Its next feature was the datsrnination of twd> different
types of signal changes: (1) the comparison of simpls point
amplitudes with a sliiiag rca2fsrac2 point to dstermins
long-term changes in signil levels; and (2) th2 <comparison
of adjacent sample point aaplitudes to Jateraminz short-tera
changes. The former was ianitiated with the bin 1 point as
tne reference point and all suobseguaant points coupared with
it until an amplitude was founi which Jdiffesred froa the
reference Dy a previously agr=ei upon number >f decibals
(for this test, 4, 6, 12 3ad 18 dB <chaages war2 used in
succession) . That poiat taen becam2 the referanc2 point and
the procass continued for the entir2 2.4 ainute 1length of
the signal. The nuab2c 2f such long-term chanjyes and tae
elapsed time between sach cnange Wwerzs recorded. fhis data
could then be wused to attain thes 3oal of this 2ffort, tns
gauging of how often ani oy what amount the variosus signal
types changed.

A further refinement 2f thz proceiure was th:z creation
of amplitude histograas of the 2lapsad times b=tween the
Cchanges to illustrate the effect that increasiay the leval
of decibel fluctuation which <coastituted a chaage had on
both the frequency of <changes and thz distribution of
elapsed times. Since th2 rec2iver sampling rats was 25 Hz,

the smallest elapsed tim=2 possible betwesn X 38 fluctuations




was 0.04 seconds. A orief analysis of thz first set of
elapsed times 1l2d to th2 division of ths tinme line
(abscissa) 1into twenty-one time bins with th2 inclusiva
boundaries given in Fig. 22 and lab=21l=2d N¥1 through N21. As
a further refinement, oins N1, N2 aad the first segment of
N3 were divided iato individual 0.04 s=2cond bias labeli=21
N1-1 <througn N1-7, N2-1 througn N2-3 and N3-1 raspectively.
The two histograms gave aa excellent perspectivs from which
to watch the changes in signal charicteristic is the amount
of decibel fluctuation t=st=d wis stepp=2d from 4 to 6 to 12
and, finally, to 18 d4B.

The final output of MIN/MAX 2 was, in addition +to the
peak and valley statistics aention=3 apov2, a listing of cae
number of long-term chanj=2s that todok plice in 23aca of ths
thirty-seven tim=2 bins of intersst, th2 percsntage of the
namber of changes under each time din as compar=ad with ths
total number of changy2s. (this 2allowed for 2 aore valiad
comparison of the over-all change pictucre whem 31 increass
in decibel deviation —r=23uirsd resalt2d 1in fa24er changes
tabulated in the bins), the total nuaber of loag-tara

changes (calleid NUM in ta= oucpat) 2nd the td>til nuamber of

changes in adjacent sampls points (the short-taca <changj=2s
mentioned above). In 31ddition, the @mean ani standard
deviation for tne elapsei times betwa2en long-t2c-a changas

~were computed. A listing for UIN/MAX 2 may o2 found at tha
end of this papear.

C. OBSERVATIONS AND CONCLUSIONS

There were 1 number 2f surprisss which resulta23d from ths
ingitial coaputer output fcom MIN/MAX 2. First, the hign
numoer of both long- ani short-tera changes ideatified was
not expectad. Jut of the possible 3597 chang=2s (there war2
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at most that many scans, >C sampla poiants, available for
each signal of interest) tn2 nuamber 5f changes not2d in soams
2000 for <the lowar decibel

fluctuation 1levels. Second, the =lapsed tiame histograas

cases reached as high 23

2]

tabulated showed 3 marked tendency tc be hsavily dampad
exponentials in natur2 witn the 0.04 second bin (N1-1)
having the highest numb2c of occur=ances throujyhout. And
third, there was a hijh degree of overlap between th2
statistical characteristics generated for the thrse signal
types chosen 1iandicatingy that ther2 was no absolute way to
categorize a signal as "JN", HUON/OFF" or M“QFF" 1aerely by
looking at its statistics. what was expect2] (and 4id
occur) was that, as tas nuaber oI Jdecibals wused for
comparison increased, thz 2xpon2ntiil distributioas “flowesi”
to the right indicating jreater elaps=2d times between larger
decibel fluctuationmns.

Figures 23 - 29 repres2nt tas bulk o°f the aeaningful
data garnered from th2 MIN/MAX 2 application to the
tWwenty-four signals of 1iatercast. Ia speakingy of the
characteristics which 3differentiate th2 thr=22s arbitrarily
chosen and defined signal types, Figs. 23 - 28 provide those

statistics which can b2 of valu= in coming t> 3 logical

conclusion concerning ta=2ir diffarances. As would ba
expected £from "ON/OFP" signals, taey showed a greater
difference betwz22n both average peak and vallsy wviluss anid

between "maxmax" and "alnnia" values than did the sthar two,
implying more sigaal lava2l fluctuatioa. The "OFF" signals
consistently snowed ta2 smallest fluctuations is would be
expected from a series of either highly decayed signals or
higan but fluctuatiay aabient noise. Bas=231  on thase
statistics alone it w21ld be n2arly impossible
distinguish with a high 1egree of cartainty betw22n an "ON"
and an "ON/OFF" signal jyivan only th=s paramet2rs in those
figures. Figure 29 provides both a summacy >f the Jata

concerning tane numpber of -hanges tabulat2d for =2ach decibel
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SET BIN PEAK VALLEY MAXMAX MINMIN
3 130 54.4C 46.78 58 g
7 8 56.74 52.02 62 34
<C 265 45.65 36.65 54 24
1 150C 55.44 49.165 62 2C
£3 19 55.97 52.16 €6 2¢€
EC 82 57.83 53.54 €8 22
€l 4 68.81 6C.75 10 1C
126 57 43452 3€.61 52 C
PEAK ANG VALLEY AVG PVR Fva MMR MMA
£4.24 4G.09 2.81-8.0¢ 5e4€ 28-6C 42425
KEY: PEAK = AVERAGE CF ALL MAX PTS IN EACH 2IN (SIGNAL)
VALLEY = AVERAGE CF ALL MIN FTS IN EACH 2IN (SIGNiL)
MAXMAX = LARGEST PEAK VALUE
MINMIN = SMALLEST VALLEY VALUE
PVR = RANGE C¥ CIFFERENCES BETWEEN PEAK & VuLLéY
PVA = AVERAGE CIFFERENCE EETWEEN PEAK & VALLEY
MMR = RANGE CF CIFFCRENCES BZITWEEN MAXMAX & MINMIN
MMA = AVERAGZ CIFFERENCE BETWEEN MAXMAX & MINMIN
FEAK AVG = AVERAGE CF ALL PEAKS FCR "CN"™ SICGNALS
VALLEY AVG = AVERAGE CF ALL VALLEYS FCr MON'"™ SIGNALS
Figure 23 - "ON" SIGNAL PEAK-VALLEY STATISTICS




SET BIN PEAK VALLEY MAXMAX MINMIN

= 154 52445 444669 6c &

7 81 42.9€ 16.57 &6 €

2C 238 51465 4l.24 €2 24

cl 213 57.0C 4G.16 72 2C

£3 8 55.96 48.15 £4 2¢

&C 6Q 5G5.84 54.30 70 18

g1 72 40432 30.44 69 1C

126 14 21.1S léal1l 3c C
PEAK AVCG VALLEY AVG PVR Pyva MR MNA
KEY: PEAK = AVERAGE CF ALL MAX PTS IN EACH BIN (SIGNAL)

VALLEY = AVERAGE CF ALL MIN PTS IN EACH EIN (SIGNAL)
MAXMAX = LARGEST PEAK VALUE
MINMIN = SMALLEST VALLEY VALUE
PVR = RANGE OF CIFFERENCES BETWEEN PEAK & VALLEY
PVA = AVERAGE CIFFERENCE EBETWEEN PZaK & vatLLcY
MAR = RANGE CF CIFFERENCES BETWEZN MAXMAX & MINMIN
MMA = AVERAGE DIFFERENCE BETWEEN MAXMAX & MINMIN
FEAK AV = AVERAGE CF ALL PEAKS FCR "LN/GFF™ SIGNALS
VALLEY AVG = AVERAGE CF ALL VALLEYS FLR "CN/CFF"™ SIGNALS

Figure 24 - "ON/OFF" SIGNAL PEAK-VALLEY STATISTICS
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SET BIN PEAK VALLEY N AXMAX MINNIN

3 165  19.15 13.57 46 g

7 91  11.33 8.05 26 €

zC 255  13.7¢ 8.36 2é 4

z1 187  47.97 4l.l4 56 20

€3 50 28.26 22.69 28 1¢

£C 73 13.42 12.65 24 1€

1l 11 25.02 17,77 54 1C

126 8  14.65 10.64 26 '
PEAK AVE  VALLEY AVG PVR PV MMR MMA
22423 16.88 3.28-7.25  5.41 l4-44 28475
KEY: PEAK = AVERAGE CF ALL MAX PTS IN EACH BIN (SiGN&L)

VALLEY = AVERAGE GF ALL MIN PTS IN EACH BIN (SIGNAL)
MAXMAX = LARGEST PEAK VALUE
MINMIN = SMALLEST VALLEY VALUE

PVR = RANGE OF CIFFERENCES BETWEEN PEAXK & VALLEY
PVA = AVERAGE CIFFERENCE BETWEEN PEAK & VALLEY
MMR = RANGE OF CIFFERENCES BETWEEN MAXMAX & MINMIN
MMA = AVERAGE CIFFcRENCZ BETWEEN MAaXMAX & MINMIN
FEAK AVG = AVERAGE CF ALL PEAKS FCR M"CFF'"™ SICNALS
VALLEY AVG = AVERAGE CF ALL VALLEYS FCR "CFF"™ S]CGNALS
Figure 25 - "OFF" SIGNAL PEAK-VALLEY STATISTICS
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“ON/QFF'"™ SIGNAL STATISTICS

IICNII
ce NUM RANGE
4 329~1932
€ 176-1350
P ¢S- 281
18 Q- 52
ce NUV RANGE
4 1217-2312
é 577~1675
2 15=1225
18 4=1150

WOFEMN
Cs NUM RANGE
4 €28-2077
€ l46=1267
12 C- 226
1€ c- 20

Figure 29 -

SIGNAL STATISTICS
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comparison level and 2 3Jj2neral wmeans of 3istianguishing
between the threce <typ2s of signals. Althouaga th=zre ires
da2finite differ=nces betw22n th2 average figarss for thes
various dB levels and some dJdiffzsrences in tn2 ranges of
values, the overlap =ncouat2red in thes raages mikss signal
differentiation by this @means risky. In saort, what
distinguished thz "ON" fco>a th= “ON/JOPF" and MJIPF"™ signals
was thoroughly subjective and only loos2ly corraborated oy

the statistics generated.

Additional information can bes restreived froa Figs. 26 -
28 wnich provide the nuapber of <chaanges (both long- 2nd
short-term) found wihen tn2 decipsl difrf=r=antial w#is "walk=23"
from 4 to 18 dB aad the percentage of long-tacam <chanjas
which fell into the md>st ameaningful of tns tairty-sevan
histogram bins (for =lapsed tinss between long-tarn
changes) . As 1is clearly shown, th2 number cf cainges, u4lM
and ADJ, dscreased as the dB 1lavzl 1increassd while ths
percentage figucrss in coiuans N1 and N1-1 =2videncel a
movement away fron the ficst elapsed <time bin. Both of
these ~characteristics imply that tae averags tima betws2n
signal level changes at the various d38 s=2ttings iacreases as
the number of dB incresas2. TIo b2 spscific, by taking tae
data from Fig. 30 it could be calculated that ta2 average
time =elapsed between 4 aad 6 3B fluctuatuions £oc the thcee

signal types were:

Signal Type 4 dB 5 dB
QXN « 195 S8 3562 sez
JON/OFF <083 sac 132 sec
OFF 110 s2c  .229 sec
55
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This data confirms taat tne "ON/OFF" signals fluctuated
more rapidly than the other two categories whil2 ths "ONM

signals proved to bs mors stable thaa thz "OFP".

These results 1imply that, if tae agency that operates
the sWwept-tuned resceivingy system used to acquirs and «recori
the BRIGHAM data desices to acyuirs FSK-tyos signals
(roughly, the "JIN" varisty), it could g2t away with changiag
the sensitivity adjustm2nts auch Less frequsantly than if
Morse-type signals (roujaly, th= ™JIN/OFF" wvaci=ty) ware
desired. Phis, plus thes cToagh data providsd ia Pig. 28,
could provide a good data bise rfroa which a dial controlling
algoritnm could be adjust2d to m2et the needs of the signal
types of iunterast at any tinas.

As was mwmentioned ibove, MIN/MAX 2 provided for the
calculation of the mean and standard deviation of <tha
elapsed times tabulated for eaca of forty-=ignt signals (the
twenty-four signals of intersst at both 4% and 6 iB
comparison levals). Altadough th2 122n values warcz accurite
the standard deviation viluss warz ad>t since ta2 formula
used in their <calculation is valid £for only aoraal (oc
Saussian) distributions. Since th2 2lapsed tims histograas
were apparently exponsntial in natursz, an
variance determination was reguirzsd. Tals efrf
a curve-fitting technigu=z ¢o5 1ideatify =th
b2ing of a particular distribution type, us2 o
chi-sguared test for gooliaasss-of-fit ind manipulacion of the
chosen distribution's meaa and variance formulas to derive
the 1information desirz1i. Attsapts werz mad=s t> £it thrae
distribution functions t> the aistogrims (3ammi, 22isson aand
Geometric) with the 3anna function proving to> oe the most
successful. Th2 Gamna distribution function, with
parameters X, B, 0<X<=e, 0<F <= is i=fined 1s €ollous:
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=1 X=1 =2/
(MY % 2 P, x5
£(x) =

0: x<0

Where, Mean =«8, Variaace =0£/53.

An algoritam was writtan wnich ©read in thz observed
histogram frejuencies, calculatei the expa2cted Samma
fregquencies (using an Int2rnational Yithsaatical Subroutine
Library subroutine called MDGAM) and calculated the
chi-squared valu2 (ess2ntially, the sum o5f tha lz2ist sjuar=i
differences Dbetw2en tn2 ops=arved and expected fraquenciszs
for use in tne gjoodness-df-fit test. Th2 chi-sjuared valu=
was then comparad witn the appropriates valaz £3and ia thas
chi-sjuared distribution table (appropriate as to degrees of
freedom and significance level); if it £211 b=2low that table
entry, the f£it was considzred good, if not the fit was bai.
As discussed in Refs. 7 31ai 8, a 30553 riale of thanb is that
the smaller the chi-sguar=23d value for a1 givsa nuab=ar of
d2grees of freseiom, th2 Dbetter tha fit. As 3 word of
caution, even an =2xcellsat fit (extr2mely swall chi-sguarad
value) does not guaraate=2 that ths distributioa is r=2ally
the one peing tested, it psrely stites tnat ths data do not
present sufficient eovildsnce tOo <coatriadict tas hypotaesis

that the histograms possess Gamana distributions.

For the curve-fitting at hand, knowla3dge of taz m=2aa aad
an iterative variation 1ia o peraitted an iterativa
Calculation of 4 thus proviling 211 of the necessarcy
information for tae algoritna iiscussad above. Ta2 process
was refined until the smallest chi-sgyuared valazs could be
identified. It Saou15 oe noted that onrnly the N1 through N15

time bins were used since very faw 2lapsed tinas aver f211
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beyond five seconds and that, as th2 individual histogran
composition dictated, =2ither sav2a or three bins wWera
actually used in the algorithm (followin3y a sugg2stion that
bins containing five or fawer counts be combined to enhance
the accuracy of the test). The bin limits impli2i that the
dagrees of freedom used w2r2 five or on2 respectively.

Of the forty-=2ight histograas t> be ficted, six had
counts in too fe# bins to be useful (would have inplied zaro
degrees of freedom - not fouad in th2 taole), 2igateen were
pad f£its and thes remaininj twenty-foar provided gd22d fits %o
the Gamma distribution. Ffigur=s 30 3gives the rasults of <the
curve~fitting effort. Knowledge of X and th2 a223an implizs
knowledge of B waich, 1ia turn, 4iamplies (by 131=finition)
knowledge of the variaace. A combination of taz m=san 2nd
variance values sanould be useful in the determination of how
often the sensitivity 3ials on ths rec2iving system shoulil

be adjusted for tae dessir23 signals t> bs acgquirel.

Figure 31 providss a1 Dbr2akdown of the X values vs.
signal type and amplitide changa variable for the2
twenty-four histograms which "fit" th2 Gamma distributiona.
It was felt that tais would perait the 3Jrouping of
nhistograms with <rC2spect to soame combination o5f the three
categories above. The six ranges shown in the fijyure iaply
that any groupiag by K 3alone would be tenudus ind=ed is
they overlap 4uit2 heavily. TIha2 only discernaols treni is
the apparent lowering of ths averags oKX {ijire as tae
amplitude change variable increases from 4 to 5 1B. This
would seem to <contradict thes dz2fining equatisns for tha
Samma distribution whica inmply that a1 lower oK implies a
more "“damped-exponential' fora for the distribution (wh2n,
in fact, the mors damp=2d zise is found a2t the 4% 33 change
variaole). GHowevar, the shipe Oof the distributioa is also a
function of A wnich, as i2fined in Yean = X4 , tends t>

affect the distribution saape in a nore radical fashion
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SET/EIN ALPHA

€Csé&2 0.18
12€/57 C.72

RANCE: C.l16-0.72
MEAN: Ce45

WENW

SET/EIN ALPHA

i/¢8 0.18
2C/2¢€E C.lé
21/1Z2¢€ 0.045

12¢/57 0.62

RANCE:
ME‘“: C.25 i

Figure 31
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"ON/QFF "

SET/BIN AL

21/213 O.

RANGE: NONE
MEAN: 0.85

6 C3
"ON/QFF®
SET/BIN AL
3/154 0.
21/2713 0.
53/¢ 0.
gc/6Cc 0.

126774 O

RANCE: 0.065
MEAN: Q.39

wCEEM
PHA SET/BIN  ALPKA
85 3/165  C.87
7/91 0.34
20/259  0.G4
53/5C 1.05
80/13 1.05
RANGE: C.34-1.05

MEAN: C.85
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PHA SET/BIN

S3 3/169

49 7/61

065 20/28s

18 clL/181

28 53/5C
8l/11
126/8

-0.52 RANGE:

ALPHA

0.34
Ce.l€
C.5C
Ced4
C.28
C.76
C.51

C-18-0.76

MEAN: C.43

- SIGNAL TYPE VS. ALPHA TABLE
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than does XK . In fact, as tae change variabls increasss,
the mean increas2s (se2 Fi3. 30) anid oKX seems t> decrease
(see Fig. 31) implyiag a vary prondunced iicreassing
which, in the 12fining =23juations, 1s found ¢t> bs most
prominent in the expda2atial teram; out, this implies a
distribution shaps less h2avily dampl=ad in the lod2r (4 318
change variablaz levz2l. Tais trend of dacreasiag values,
then, was to be expect21 and appsars to be the only

meaningful prodact of th= analysis of th2 Fig. 31 data.

As an aside on the saojsct of signal <continuity during
the brisf recoried tim= span Oof taz waveforas (around 2.4
minutes), it should be not=2d thit dati s2t numoar 7 bhins 81
("ON/OFEM) ani 51 ("OFEY) 2xhibitad vary anuasail
characteristics when comparsd w#ith th2 other sigrals in
tneir classes. As shodn on Fig. 27, oin 81 still had ovar
1000 changes at 13 1B iiff=cenc2 while the othac M"ON/OFFM
signals haad fallean off to much smallzr numbers. 1In fact,
that oin had twd> <chanjy=ss 2t 5% 318 wasn =2var-increasiag
nunbers were applied. Th2 "OFF" siganal, bin 31, 2videnc=ad a
similar degree of consist2ncy as it had many fa2wer 4 18
changes than th2 other M"OFfP" signals waile falliag off amuch
more quickly as tne nuamabpar of decib21ls increas=3 (ses Fig.
28) « In fact, this 51322l had only a f£ew mora than 1700 2
iB changes implying excz2ptional aamplituie «coatiauity whan
compared with any of the twenty-three othar sijnals
analyzéd. To giv=s a mor2 gJrapaic —rc2prasentatiolr of this
phenomsnon, Figs. 32 1333 33 coampare the long-t2rm signal
changes rfound in data sz2ts 3 and 7 with the lattar proving
to Dbe the mor2 consist2at of thes twed, althoagh 2ven set 3
nas 1 good measur2 of uniformity throughout its 3600 scans.
The base scans £for =2ach 5f the fiv=s scan sets (whica show
the pbeginning, niddle and 2ad of each dati set - tim2-wis2)

ire provided at the rignt of tha pictures.
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Figure 32 - LONG-TERM SIGNAL CONTINUITY - SET 3
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Jf the two signal anomaly ideatification tachniguzss,
Anomaly A proved to be the most fruitful. Narrow and wids
wavefront discontinuities, fading, frsguency shifting of
entire wavefronts, fragu=acy shifting of individual signils
and several miscellanedus varieties w=2re seen. 42 0f th2

abpove (discontinuities 1131 shifting) «wcre r=pdrted on in

T3

kef. 1 with the rest b=2injy unige= t> this stuiy. Several
examples of ps=2udo-anomilies wares included to od=rform thas
dual function of warnin3 23ainst tas false assiaption of
anomalous perfsraance sinply beciaase the plot sezmed to
imply it and to provide pictureses with th2 parrativs in such

cases. Analysis with Anomaly B provad to bs ralativ:

&
<

unproductive as oaly th=s iatarasting 3ad frajuantly ssan
poenomenon of signal amplitude undulation (report=2d in Raf.
1 and =2xpanded updn h=r2): oeiang notagd. The 3divarse z2nd
amazingly complax natace 3 ths' sonosphsrz and 1ts
interaction with its =2avironment ©precludes ta2 precissa
issignment of a caus2 to> =2very =2ffact (i.2., anomaly).
Suffice it to say that, except for thds2 anomalias wanich can
be explained away by ejuipasnt malfunction, nothiag has bzzn
found in this =sffort whica will simplify the @modzl of the
L

ionosphere as aan 2var-changing =n=2liua in wanici liceral

2
n
1]
)]
"
*

anything can happen to a radio signal which traves

The statistical analysis work pacrformed, froa creation
h2 MIN/MAX 1algorithas to th2 t=2dious curve-fitting

t
effort, result2d in 1 wealth of pradomicaatly raw data

wnicn, witah the mean and variance vilues, shouli provides 2
foundation upon whica A racsivar systen sansitivicy
dial-controlling ilgoritam could be refinsd. It was notai




in the curve-fitting section that it is perhaps tane weakss
link in th2 statistical study since the chi-sjiared ¢t

guarantees neither that the elaps=2d time aistograams are
Gamma distributions aor that thers 1aight =2xist other
distributions «w7hich w2oald "fit"™ th2 histogram dita as wsll
as the Gamma function 31ig. How2ver, a statistically
reasonable argamsnt caa be nade that the histograms (at
least half of them) ars probapnly Sanma in natuce aand, hencs,

the wvariance values calcalated can b2 accepted as accurata.

Should additional wor< be done with the BRI34AM darca,

the following ramarks/c=2consendations could prove uaseful:

(1) all of th=s compla2t= data s2ts 1ia hanid ha b
thoroughly analyzed wita program Anomaly A - addition

effort along this line 2ijat b2 a wastz2 >f tim2 and energy;

(2) althouga a1=2arly tw=2nty of tas data sets i
not been analyzed with program Anoaialy 8, the 3iisa
results thusfar amight act as a wacniag as to expacte
rewards from adiitional =ffort;
(3) if Anomaly A ands/oc Anomaly B8 ar2 to pbe asad agaia,
the BAKSCN featur=z found ia th=z METASYYBOL subroutine (it
i

fi2i auaber >f

Q

provides for ths backiag ovar of

%7}
U
o

files, or 3ata sa2ts) shoulld be nads to work i time/labor

o B
n

saving device - the prdodlem is in tas a

1
“+
=
)
ct
s
o)
W
[+
=]
+
c
-

W
o)

not tha program;

(4) the recoamendatioa (mads iaitially in =2£. 1) for
the creation of a compater aljoritha to searca out the
anomalies in an automatic aad, hencs, amore rapii sanner thin
the visual approach is jaicdedly endocrsed herein - although
the speed at waich the daca sets could b2 analyzz1l would b2
improved by at l2ast an ocder of 1nagnitaude, tais extr=ame

complexity of trying t> t211l the conputer what to look for




as wz2ll as the loss of tnat very intangible but wvaluablz
human discretionary powar couli conbine to maie this effort

a quagmire;

(5) should additional work be don2 utilizing ta=z MIN/MAX
routines, Anomaly B shoull pe as=2d first to eahance the
accuracy in selacting tae diffesrsat signal types to o2
analyzed - that this was 1ot don2 ia the preseat study aay

have resulted in thes rath2r large ranges found in the data;

(6) tha acecuracy of aary futars cucve-£itt
be enhancad by th2 inclasion of th2 Wa2ibull and Lognormal
distributions (or aany of the 1lavel-crossing 3istribu
to the 1list of possiols curves t> which th2 2lapsed ti

2
histograms are matched baciise sets of such data can b=

H
"
Q
w
=)

fitted to more than ons listribution with egqual acc

»

18
Ui
(gl
w
(ST}

a
validity - this was not done here baciase th2 sugyg

[
(=
rAv
o )

U S]

distrioutions were complax =2aouga 2and the tin2 rema
short enough that a good =2ffort coulld not have been put

forth.
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GLOSSARY

Sporpadic= thin horizontal laysc (or patca

________ of high
electron density =2absdded in the regular E 1laysr
resulting in signal 3i=2flection and/or absorption.

Night-Day Asyam=2try: Lass atteauation at nigat than day
£

erence in tae ionizin; sfftect of the sun

d 1 L
resulting 1a discoatiauities jaciangy the suacise/sunsat
perioids

attenpuacion
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solar flare acti

Auzoral Q;gg;gz: brigatly colosced asEthatn latituds
isruptivs to <coammanications - i1lso 3s tae
cesult of a combination of solar flare activity and the

earth’s magnztic fi=2131 lin2s.

raraday Rotation: any linsacly oolarized wave travelliag
in the direction 2f a magnstic filei results in its tw>
ircularly polariz=sil zompoanents travellin; at diffsrant
velocitie and thus the plane of polarization will

rotats with distanca.
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of inhomogzneous ra2fractivas indices the wave could be
trapped betseen tw> 1layers ani guided, as in a leaky

#ave guide, away from its intapd=3d isstinatioa.

8. Fading (D=21llingec BEffact) : sadden ionospheric

disturbancs (S. I. J.) diuces a coaplate radio

s P
1*%

W
“fade out"® lastiny Zr minutes to an hour or
more - cais=2d by solar flare activity.
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SRR ————

PLOT ROUTINE

#define XINT 320
#define VYINT 8000
#define DELY 3200

#define DELX 16

#detine AMPY B00O

#define NLINE 1

#define Pl 3.141596525

#define NPT 150
int zero 0:
int one 1;

struct(

int not:

int line;

int 1dx:

int 1dv:

int cotr;

int nsot;

int spotl;

int spot?2;

int spot3;

int hromin,sec?

int nft;

int laa?

int sr}

int id(3):

int lp;

int scl;

int mosday,yr;
) head, *h;

int hbuf (300});

struct data {
int x’
int yd;

|t

struct data *d;
int dbuf(4000);
int mp?

int mnip 8;

int idev,pdev,sclix,scly,bhiasx,tdev;

main(arac,arqv)
int #**arqv;
{
fnt isjen:
char *cs?
iti(tdev = open(™/dev/spp™,1)) < 0)({
printf("cannot ooen spp #%);
exit();
)
if((pdev = open("/day/rvo",1))<0){
orintf("cannot ooen rvo #");
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s exit();
)
1f{(idev = open("/dev/rmt6",0))<0)(
printf("cannot open rmt6 #%);
exit();?
)

if(aragec > 1)(

cs = arqvlil);

n = 03

while ( #cs >= '0' 8 acs <= '9')
n=n* 10 ¢+ 2cset - '0°;

n = 11

for ( i20; i<n; i++)
inp(idev, dbuf,R00);

printt ("number of records skipped,

)
while((inp(idevshbuf,R800))>0){
h = hbuf;
] = 0}
! for(i = 07 i< h => line: i+¢)(
H n = inp(idev,Rdbufljl, R00);

j =+ 2¢(h=>npt);
]

sclx = 030; scly = 03
biasx=50;
Ap = A=>agt ¢ h=>ljne;
scale():
plot();
cvers(pdev,020):;
stty(pdev,80ne):
}

¥define NBYT 244
#define NBLX 0

sdefine NSL 1250
gdefine DRAW 1

struct fot!

int vy’

char txpbh;
char yines
char xdir;}
int AR

fnt cxni
int *tYink;
int *hlink;

} itab(7+NBYT),*ip,*ia}

char b (NBYT) S
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int *dpl(2000);

plot()
{

struct fpt *s;

int isjeiesd

sort():

for(i = 0; i < NBYT; i++) //clear plot buffer
pblil = 03

for(i = 02 i < NBLK: i++)

write(pdev,ob,NBYT); //move to top cf plot area
ip = 0; fa = itab’ //plot scan line
j =03

for(i = NSL: § > =13 i==){
while(] < np RR #*dp(j) == j){

ie = sip(dpl(jl): //set up plot point for interpolation
if(ie == 1)
return;
jees
)
nib(i); //set up plot buffer

write(pdev,ob,NRYT);//plot line

int jsort;

sort()
{
register i,k,t?

i=0?
for(d = dbuf; d < Rdbuf(np*2]l: Ad++¢)
dplis+) = R(d => yA);

k=np:
while ( k =>> 1 ){
jsort+s;
while ( jsort )(
jsort = 0}
for ( i=0; i< (np=k): i+¢)
it ( *doli] < *dplisk]) ){
t=doflil:
dp{i)=dolit+k);
dolis+k) =t}
jsort+s+;
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sipldpi)

{

int *dpii

int xisyisx)yylyxroyreincy,fy,sdirx,cx,#*s,lcx,sincg
int f,ie?

s=dpis

lex = 13

yi = adpi==; xi = #doi;

if(+4s < R(dbut(2+np)))!
XP = RSt
yr ='*s;

if(yr & DRAW)(

ft((inc = yi = yr) >= 0){
if((incy = inc) == 0)
Airx = nip;
else(

for(i = 0; ((incy = (inc/(nip >> i))) ==
dirx = (] << §);

}

fy = yr?
cx = 02007
lex = 03

ie = stack(vi—incv.incv,fv;x6,dirtrCI):
ity == 1)
return{(il};

)
}
if(==dpi >= dbuf)
if(yi B DRAW)(
vyl = etdpi==;
x1 = *dpi;

if(line = yi = yl) >= 0){
if((incy = inc) == 0)
dirx = =nip;
elsel

for(i =0; ((incy = (ine/(nip >> §))) ==

dirx = =(1 << i)
}
fv =yl
cx = lex:
fe = stack(yi=incy,incyrfysxi=l,dirx,cx)?

it(ie == 1)
return(1);

}
)

return(0);

stack(a,h,cidd,e, )

int a,b,coddee, f;
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{
int #s;
int §7

struct iot #*z;

ia => y = 33

ia *> yinc = b;

ia => yf = ¢;

if(dd >= NBYT RR d4d < 0){
printf("bad scale x=%d#",dd);
exit();

}

i3 => xpb = dd + pb;:

ia => xdir = e;

ia => ¢cxp = f;

if(Cip == 0)¢(
ipsitab;
ip=>flink=ip=>blink=0;
fats;
ia=>blink=ip;
fa=>f1ink=0:

)
else(
s=fa=>blink:
s=>flink=iga:?
if(ia=>flink == 0)¢
s = ja;
1f(++ia >= Ritab(7+NBYT))(
printf("itab overflow #");
return(1)’
ia=>blink=s;
ia=>flink=0;
}
else(
S = ia => flink;
S => blink = ia;
ia => flink = 03
ia = s;
}
)
)
nib(si)
int si;
(

int i,jsns
int *¢; § = ip;

while(s)( //setup plotting buffer
if(s => yf <0) //delete point
1f((s=fren(s)) == 0)
return;
*S => xpb =s => cxpn;
tf(s) == => y){ //1ine break

s
i ((n 2 8 «> vdir) > 0 2 n 2 =n);
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if(n < 0)
for(j = 05 j < i3 J+4)d
if(s => ¢cxp == 0){
*s => xpb =+ 1;
s => cxp = 13}

}
*s => xob =i (s => cxp
}
else
for(j = 057 j < is jee)d
*#s=>xnb =! (s=>cxp
}
§=>y == sg=>yinc?’
)
if(s) <= s=>yf) //end of point

g=>yf = =1;
s = g=>flink;

)
}
free(s)

int *s;
{

int «t;
int 7

struct ipt #*z;
*3 => xpb = 0;
if(s=>blink == 0)({(
ip = s=>flink;
fo=>blink = 0}
t=ip;
}
elsed
t = s=>blink:
t=>flink = s=>flink;
t =g => flink;
ittt == 0)¢{
s => flink = ia?
ia = s;
return(t);
}
t => blink = s => blink}
)
s=>flink = ia?’
s=>blink = {a=>blink;
ia = s;
return(t);

scale()

{
struct data *s’
int dmyisjeCominv,miny;
int dx(20),dy(20):




s = dbufi minx = miny = 077777;

d=s;

for(i = 07 i < npi i+44)¢
mink = ((¢c = s => x) < minx? ¢ : minx)}
miny = ((¢c = s => yd) < miny? ¢ ¢ miny);
st+;

}

if(minx > 0)
minx = 0}
if(miny > 0)
miny = 0;

s=dbuf;
for(i = 0; i < np; i++)(
dm = § => yd R 1}

8§ => x == minx;
S => yd == miny?’
s => x =/ sclx;
S =>x =+ biasx;
if(s=>x >= NRYT)(
printf("overflow pb #");
exit();
\ }
i s => yd =/ scly;
if(s=>yd > NSL)
s=>yd = NSL=-1;
s => yd =R 01777763
S => yd =| dm:
sté;

}

inp(idf,buf,nbyte)
int idf,*buf,nbvte;

{
int f.t,n,ci
struct
char cl,cl,c3,cl;
) c¢f(1200), #*s;
s = cf?
it((n = read(iaf,cf,nbyte)) > 0){
for(i = 07 i < nbyte/d; i+4+)¢{
€ =8 => ¢2 << 23
t = ¢ << 10;
t =} s => ¢3 << 6}
¢ =} & =¥ ¢4;
St}
buflil = t;
)
)
}

char *cbpes*loc,t1(132),chl10]);

canvival)
int vals
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{
int a:
if(a = valzi0)
conv(a)?
*cbp++t = val X 10 ¢ '0';
}

conc(cl,c2,n)
char *c2;
int m,2c1;

-
int i,m;
for(i = 07 i < n; i44)¢
if(i == 0)
m = (*cl R 07700) >> 6;
else
m = #cl R 0077;
if(m == 012)
*c2 = '0';
if(m >= 01 RR m <= 011)
*c2 = "1 ¢+ m - |
if(m >= 021 8& m <= 031)
*¢c2 = 'A' +m - 021:
if(m >= 041 &R m <= 0S1)
*c2 = 'J' ¢+ om o=0U1;
iflm >= 062 RR m <= (071)
2c2 = 'S' + m - 062;
ce+é;
}
return(i);
}
skip(cnt)
int cnt;
(
int i3
for(i = 0; i < cnt; i++)
write(pdev,pb,2);
)
clr()
{
int i3
for(i = 07 i < 132; i++4)
CIER] = 0y
tVLESL) = 'nv;
)

mov(to,from,n)
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char *to,*from;
int n;

int i7
for(i = 03 § < n; i++)
*#tott = safromes;
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