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Preface

This thesis demonstrated the feasibility of analyzing the output intensity p)at-
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A\ F:IT/(;' E/EN¢,I891)-57

A bstact

This thesis examined the feasibilit v of using optical filers for atg h' of " r-

rival (AOA) det,'ction. Specifically, a uniform amplitude planie wav" was 1 r;usi lit lei

through a 3mm diameter, Iittitole, step-ittx, plastic fiber. "iblr eniyls of I .

2i. and 31o, were investigatel. 'lic oultp11 intensity pallt'ri from (acli optlical hilid

was detected )v a 512 x 512 resolition, charge inject ion device(('II)) camera. The

dlta array from the camera was preprocessed with a median filler. anl norinmihzed

to lie peak intensi ty. A fast Fourier tralsforiv converted le data to lhe fre ueltet

dl(maul where tle fundamental and first tlree harmonic freque'Ws were .xt ract1('d.

TIesc ) numbers represented components of a feature vector representing t te

tcr i related to a specific AOA. Twenty'- six temlplate vectors. ' 'h t(l- 'ii('il 0 ;

I' incrmentl from 00 to 25'. X're created. Test vectors were colliltpa h t m I pk'Illi, le

w'cto's Usilig Lichdclan (listau nc. 'Hic miinunu distam' , ci ssi Jn', Ivc s k.i

.\(),.\.

vii

. .... .. ~ ~ O ,= a mm u nnilnli ann
m

H NIilai



ANGLE OF ARRIVAL DE)rETECTION

THIROUGHI ANALYSIS OF

OPTICAL FIBER INTENSITY PATTERNS

arrival(:\O.\) of tlirecett'&ill'Y w2 \ctfpolls. jprillial-ilY le.\iiw.Al \O.\ 1(IcltI

seve'ral appllicationis. It couild] be used oil an aircraft to alert t1lic pilld 1lo ilititltli

laser radliat ion whlich coldti lid (revllitllilbers per-Iiiaiierlilv or. ft I as li1i1lc as a fe'w

the~il5 1lrebyV puittinig thiri livyes ill jeopardy Aniotheir api ii( tl, is w itu>e oil

1ittOli l s lift' sat eliltets to lvarn of ad tia tion) wic h tcoiu l t dat 2l, xi %,1;1 (ii iJ -

itlts. An AOA detector caii ihe iiseti ill foliijllict ionl Wit i power llii('trsaiid sxl l Ill

altaiyierS to lteiiiepower andt frequeticY of thle solrce. whlichi holIIt e l

hni(1[(( ki ionet er awav. Thl s Ml Forltt loll Is vital to th li it elig'it I OCHC C(O mmiv.

lsvsteml liltist be 'ompiiact , lidgitweigiP shiock resist ait highily (ile.h 1
st-

le ili (onstructi onl, withI ail aitguiIar r1(501 ut oll of I (iegr('( oi. less, (91 ). This 11wis 1

\-i I I ii(s t, it t v a Io I t o t t Ii s p rol1)l1c I ItI ro(IglI t Ie uIIse () d a pas vc It I.a

titit'ttor. Tlie out p it illi tlisity paIt te('ll front ai large dian t('t er (4101ila Wwr I I 1,tcit -

call v a 31111a111( lcer, 1111111 lliodi(' pl sl Id lter Is altliI wet I to (1,1(11,ll I1l1e Iw ).

Suite t his detector wvill use short filbers(i.('. 8(11 or less) tltld wxiil ((ltal ai Illoxilig,

par ts. it will mleet thle prex'iollv imenitionled requtir('li'i .

A.I :pproach/ and( S'coiu

Tc Init ial effort ili this thecsis Is to researchl the feasibilitv ofA ;VX\ systlls



(exfect( at t le ol t puI t of t li op I calI fi be r us Ing genict ica Iop t I c-. lIt c (((11 1 pll

of 11his iescarli Is epiiiital. A il iforiii a ipl it iide ph in Wav wil j j mu111l

at sliort se 1 1iinlit of' 3111111/ (I aichi l ( Uphast ic filir withI thle out pill 11111 1 i H a

.5f2 x -512 chiaige ii ject iolu device(C(II)) caiteia. Siince tills (I0ctlor to ('I1111llc

A ( )A of laser ilip)lt at at snhSt aiit ml (list aTlee from li le so)urce,(e t liiifiit is as>ui111(11d

to he it iniforin1 aimpflitudi~e plaiie wave. 'I'lie (fata is then reduicedl !o a 2.-t) x

airavl. slil)ot lied thloigh a iliedhiall filler operat ifTI. aiild tI lien normalizedI ba;se'I ()Ii

tic0 Ihes 11it CiISit V \ahie. Followi%-'ng t Is, t Ie( rest l ts are FOrier'C- raiisoii HS' th I''lIS

h. lpclcly (foiiiaiii priocessil, 11, Pv/ilv c\ 1 (XIict loll of t lI' ft I' hi i c I will -;tc I'V a1 1 ;1li

t Iic I u-st I e t hi l l 11i ics Ito fou I Iai fcat I Ic e ect (I or ea). tc I i at lI(, of i i -i 114 fc j l V II

I hi.- J1c ) f t ~c l ctors arvct ioupais1 d. i1s]iig MIiiI-wOsk-i d'list dliii. toi ran it)ll ;himnlc 14s

vl tor ill opiler to dect cniii c ;\ )A (if t lie tc('5 sanilples. 'I Illis pii Bess I., (,Il tii cI i

I lls t fiWsis heIu w( I it O a1 i-it t I)OklIw AO.\ (icet ors i ilizii/1i1-, ()1t 1il Ilw

11t 1 lt ioret l(all- Iga i- Ii~ gae ie profpiat inof I lit t1 iroilil inl optl fihr

t o e'Xplainl In lita 1-(Ilol out filit fiat Iet-nI SCti it) shor1t 111)(1rS. ( 'IIItc (T 3lsre WS lie'

lfiat I i set'\ SO 111. (hilt a aWll1 iOT ,~tl~ anild RUC5lI .Iesu ,;t a i ci i 1i 1i1 'ha pt e
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HI. Stunnu.t ry of Carre it Know l1/ L

Various "N-st (1115 have 1)eei d (evelopedl III recent. vears to ( let en it je A): of

hight enlergy. O1nc such svstcml uscs it quiadrant dletector to give elloulghli jiforii ,t loll

o a lowv a rmored vehicile crews to( holli III onl thle source using thle Xi I de's i lht

s 1 (5: l).. Anot her sYsi (il ut ilizes iitrfritmytech niquies to (le rinle iiot ()ill\*

A OA of thle I niciit laser radial loll but1 also it s waveleiigt Ii1 (5: 1). A thIi Ird dlevice

lic. te georuict rY of a trianigular cube reflector wit h pliot 0(11 (ciors alignedl Wit I

lie illuce sidles to det erinile AO.\ ('5:1-Il0). There are oly two AOA svte 1S1usin

oH lcat fi1'ers (9t. 10().

2' / Opt'ical ib( r I)h ((loris

Tllc first svstcuil was inlvest igatedl in 19,85 at Wrighit-IPattersomi A Iii. Of!. This

'YvTc (ilt ilized aiu ar-ray of, lenses miomiited oil a humiisphen-ical domue. Larli len wals

siwpaiiled by2.7 legrccs allowinig overlapping fields of view( IOV). Ill oilier wordls.

i'ali 1(11 IisSawV a snial ou1o of what its adjacent leus saw. This resulte11d ill attotal

ofI \,I lejis apeli lie-s. Faii flns focused light etiergy into a collectionI of opt ical filters

(4 di! bre ult leilIli hs. Fach bundle of' fibers terminated oiito a f liolt oleetoi. Iwo

11i15re 1i1 tvpe>, o)f pliotodet ectors were tised. Silicon jdiot odcetu t 15 r'i ulsed to

dltcnl;e wavelngt us fromi t0.t61u1; to 1 .0/111 while geriiuliuiuiu jilitodltctors of)-

liiiil J ill lie I piuu 1(o I.9/1111 spect ral regionl. ('0111in011k kiiown ias ilie iuifrared( I k

I 11c plimtodc'ttoi Signals were used to excite uiui1lerdluipced ciicuiiis ( l0:21). lDue

hi) Ili ocitapi o)f lie FO\ o)f adjacent lcess a ilathleiiiaticat reh"it onslip Let weeii

111, zecrosig of'i ulerdaiilipc ~lirculit oscilla t ioiis aiid thle opft icalI ceii 0 (l of

alwiH rt, n ill ii iiiat ion \%as exploitedM. Signal-to0-noise was alte(redl as. i ('(I's-r to v'ary

(11'c(Il n f i h aLi lit X and false alarm rate (111:6). lest s were (0tId nt e Ivl Xvi Xi1iii

iiuee nd tvpes (if backgrounld light ing. Results showed t lie backgrouiid igh in

Io Iiejgll Ie 101dFCCt MAi \0\letei ion o)l' t) Ihe laser IghtIl ( 1tt3 -3) 1,, \ f aIrIIval



accur~acy Of ±15 degrees NWas obt a ilned (10:40). iThis is good . buiit it PiS (1051 ed to hav~e

ait accuracy of I degree or less (9:7).

The second~ system is tile sublject of curr~ent research byv a smtall firm hased( III

M IenlJo Park, (Ca]liforn ia all(I hopes to obtain the nieedIed a,-cuiiacy (9:23). Thlis sst (i

is, composed of several ht1it(Ired al~ert ures onl thle surface of at Ihemisph ericalI dun i.

E'atch apIertlire has a 20 (legree lFO\ and does not re(Iti re lenses like thle 1)rev\i1 is

svst em (9:5). il s syst~e (Tiuses optical fiber, to t ranlsilut thle i it ('tsity VInctidenit onl

lhe a pertuires to Indi vidu al silicon p)lotodet ectors. A p~rocessor uing al ii lgorli i in

si ii iiialr to t hat uised III Radar W\arnintg Receivers perfornis lie jiecessa ry c00111lsll

of lilt etisitiles froml tilie Irradiated fibers to (leternit ;\O: (9:7). It accomplislies I his

bYiv itliliz ing a look-up table. This table was Created by iIIIIIIIItatnli he wmisphere

fromIl di1frenlt, direct iolls, performing thle aforemeietiioiied sild;ll aiialvsis. anld sti wing

the results in nieiiorv. Ini actunal ise, thIe sv-steil will correclatec t he lilteiisi"t v of iiicidlit

lalser eiiergv to thle test p~atterns st oredl in mlemlory. AO;\ of thle laser. ra Ii all ioa

bY (let erined fromn th~is correlatilon (9:33-15). In1 ordler to achive a;III overall FV

(if 2ws r~ as eipeet hese pliot odet(etors are spacedl every 9 (ltgre( s. once

agailt establishing overlapping FOV (9:8). Th'lis overlap is iieeeIssarvY so1 that the e(iiire

2;7 fteralan field is detected. It also iiismies that each senisor is iiot idepeiidet

butI nt ercomiect ed so t hat thle dat a recelve(1 can be comibned antd coirelat ed Iill)a

effect1ive niaiiier (9:18-23). The op)tical fibers Ill thlese svst emits ate si ricot l sed 1o

trlnsnili t th lil t eiisit v from anl apertuire withI a small IO\.

2. 2 Ligbt Propagatq,/ion i it an1 Optical li/n I-

[his, reIsearIch ('xploits thlet aiilvsis of illie itit('iisitY pnli 1s (I* liiiditI 11"lfi

Iii iagting fibers to) ga iii at hli iotal iiifont at ion at theii out put of tilt(' ii t'r. ('apt ai ii

(";'(.[ (ole wvas lie first person to iiivest igate t his t Iteovy. Thiis thlesis will pet-foniI

Itw t'Xjei-1cituttl port ion (f (;al am (Cole", Iittial itivest iat ion (1). Non tnlagting

imiplics that thIte is ito (itls svsteit used to) focus an hunag.e platte oti Ilie detector



aria' Ii the C.11 camera. Ili add~itionl. Imliltiiiio(Ie Step-iiiiex fil)(i5 do not tI IISIiit,

illiages well, duec to iiiter-inoolal dlispersion. A look at. how light, prop)agates' dowin

a fibher will help to b~et ter uindlerst anid t is Jplienloilleiioli . Sinice thle dliaiietcr of thle

Ii I er u15ed was signi ficanitly larger t han thle wavelength of t he I nciden t laser radiation,

gcom etr rca] opt ics (e.ray t racing) c-a i be uisedl to exa oh e wave propa1ga tionl wit I IIi

the fiber (7:13). For the aiialvsis, Incidlent light raYs wvill be separated Into two

classes. The first class, merilloiial rays, are easv to track sinl(-( Ihey st av wit hiin

thle n erilional plane. A inerilonial plane is aliiv plane whiichi conitainiis t he a xis of

syinellt rv, of thle fiber (core axis). Ideally. thI ere is only oic ie i irilioiia ray for an

i iC idoeiit planec wave. Thec secchiil class. skew rays, represen ts all off-a xi-s rays ( 7:23).

Figuore 2 d1isplays thle mend ional ray passinig thlroiigh a fiber. Sniill's law

Ili Sinl fl , Sill 0,

is Iused to deterlriineI Its path as it propagates down ilie fiber (7:17). As thli ray

colittacts th lenlt raiiceof thle fiber. soiieof ti elie(rgy is reflected anld t li(' renliaiiider

is t rainsmit ted. As the anigle' of Incidence Increases, less eliiergv is traiisiiit ted Into

lie fiber (4:106i). The tranisiiit ted ray Is bent towardls the core' axis sO' tc Ilie inldex of

r'('lract ion of the core is great er t han that of air. ThilsV islie ca.se of ext ernal r('ll('ctilOu.

Iii thle case of 'xterhial re'flect ion., solii of thle eniergy is always t ralisiiiittedl. As thle

ra \ cot acts t lie corec-cladd(inig Inlt erface it Is once again ii reflee . liow(er. tills t ili(

lie ray is cont act inig thle su rface of a less 01)1ically dicis('e leiumii (i.e. lower Indiex

of refract ion) which relpresenit~s thle case of intertial reflect loll. Thuis thle ray is benit

a'way frmT the surface niormial. Th'le point of coiitact canl be niodeled as a pilne

aligerit to th1e p)oint of (olitat xvhiicli (-aii he' calledl thle i('fl?hii Iplii. :5 t hie

anleI o decrecases". (1 INCIraSCes fiill it ('ouials 90) degrees anud th 1' aiisiitted ray)

is parallel to th licor('-cladldiiig iieace. Tlhlis valne of o is kniowii as, thle crit ical

angle.,. For alIiv valuec of (, less t hanl Oc,.,,. thle iav \vill experielice total Iinternal

refle1ct loll. Idea liv tis me1anls that imilue of thle r-ay Is t rali"Isnit ted I iito t Ie claf]Hi hg.

Gi
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Figuire 2. Path oflMeridional R ay



but in reality some minimal loss always occurs iii the form of a surface wave or

ev,.iescent ,ave (4:106,107). The ray continues (]own the fiber experiencing internal

reflection at each core-cladding interface until it reaches the end of the fiber. The

ray contacts the end of the fiber at an angle of 6 degrees and once again experiences

internal reflection since n,1 ir < n,.,. Thus the ray upon exiting the fiber will be bent

away from the core axis. Figure 3 presents a graphical representaftion of this angular

dependence (7:17-24).

The maximum entrance angle which allows total internal reflectio can be

calculated by Snell's law. Using figure 3 (b) as a reference:

1.o. sill (900 - 6,,it) = 7?cqd sii u (1)

where o = 900. Thus:

Sin (90- cos (rit (2)
ncore

for the core-cladding interface.

At the fiber entrance:

1,ir Sill 0711. .11 -, . Sill ,-.i (3 )

aid siice:

Sin 6 , ni (i - 6 cr 2(,

equation 3 becomies:

8



> -z

cor .9

1cladding1

90

~~~ < 07ri

(c)

Fijgure 3. Relation of Etrance A ngle to Critical Aigc

9
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reflect ion----------
piane

(a) End V~iew

ray path p~rojectedl
On fiber end face

................ ... ........... core axis

skewv ray pt

(b) 3-D View

Figure 4. Path of Skew Ray

Substituting equation 2 into equation 5 vields:

1?Ji sin Ona." 7 - 7102,) (e)

Sin~e ~Iir -- 1. equation 6 redIuces to:

1 (i 12 1 2 2(7O"LX sil- core chi 71 J7

FOr the fiber utsed( in this research, cr 1.492 and] LI~, 116 eutigin) a

mraximnumr AOA\ of approximiately 280 to achieve the critical angle al I lhe core-claddiiig

ititI erfacc( 7:21.25). Figuire '1I Hlist rates the( path1 of ai skew ra V. Th~is ray ex lperIC('1.



rneridional rays ---

(a) skew ravs

(a .).. .... ... , i

> Ocr it

(C)

Figure 5. Crit ical Anugle C'omparisoni of Nleridioiial anrd Skew R avs

tie samie reflect ion andl refract ion as thle meridioiial ray as it, (outacts t lie ('it raiice to

lie fiber since it. is part of the same uniform amnplitudle plarie wave. It colililies toI.

ravel parallel t~o th le rilerldi(nal ray uniit i I it, reaches the first, corec- a Id i rig Inte(rfaice.

At this interface it reflects dIifferently than thle mueriliola.1 ray sinice its reflect iOu

pl anie is orientedl di fferently, as slhowni ill figure 4 (a). Figure 1 (1)) shows how t iiis

ia \ cont i nues its propagation a long the fibher.

F'iguire 5 is a miagni ified end( view of a smllI sam pit of adj I('( II It ras I on~s (*)rIIIg() Il(

lie incident uniforli ampllituide plante wave. The((eit en raY is t i il eri(ioilal ray.



Outpunt hi1te (iltv

('ard ioid Out put PattIerni

Figure 6. Card ioi( Out put Intensity P~at tern of anr Opt ical ibHer

All other rays arc skew rays. Thiese views only show tile rays as t hey cuter t he Iii)erI

and~ contact thc core-cladlding interface for the first timie. Continuing prijyagfatiou

down thle fiber is riot shown. Figure 5 (a) 11lows that if the inucoing Ineril ojial

rav is at the- critical angle, the skew rays are less than thie critical angle siiice 0.InI

figuire 3, is now divided finto a, transverse as wvell as a lonigit o MdialI component. Thius

the only ray at Ihle critical angle 6 ,,it is the inerililonal ray. If t he anugle of I ncidlence

or 1hle plane wave is increased sl ighitly, thle Ineridlional ray as well as, thle i ini ed iat l

a Ijaccut skew rays are > 6,ij 1 ils is shown Ii figure 5 (b). l,iire 5 (c) si iows

t ha t as thle angle of Incidlence continues to Increase. progre('sioi (01it i iiies 01 it Wan I(

from the center with mnore an mili ore skew rays reflect ing at a iigles > o0 rr-j . Fi guire 6

displayS tie oult put of a large dijameter, imiltiiiiodc, step) index\ 1ilwr. 'I'1w anle~d

of incidence is iiuch less than t lie critical anigle andl the fiher Is onIly.\ bug enough

to allow one reflect ion at the c-Ore(- Cladlditig nitCerfaCC c Aexet~I thle inern l](ill

rav passes~ t hrough thle end of tilie fiber at the liiglivst loiigiItIilial a ilewhic th le

12



skew rays share their longitudinal angle with a transverse angle, thiis redlicing tlle

longitudinal angle. This results iII the cardioid pattern seen in figure 6. This carlioid

pattern was first predicted by a ray tracing program, scnsor.pas, written in Turbo

Pascal by J. Scott Hunt, Cadet, United States Air Force Academy. Cadet Ilunt

wrote this program earlier this year during a temporary duty assigmnent at "he

Air Force W\eapons Lab. As the angle of incidence increases. eventually a seconl

reflection is allowed to take place in the fiber. During this time the cardioid pattern

moves through the center of the output to the other side. As tihle angle of incidence

Increases beyond the critical angle, the cardioid pattern coiti niues to move as before

but experiences a loss of intensity (ue to less transmission (higher reflection) at the

entrance of the fiber and loss of total internal reflection within the fiber.

2.3 Prcproeussing

To remove noise spikes from images and smooth the data, a inc'dliam iilIteilIg

operation call be performed. The process is simple. For an X x X imuIian filter lie

intensities in tie first A' rows and .Y columns of the iniage arriy are read. TI (se
\-2 n -mbers are then sorted lowest to highest. The middle number represents tlie

uie(Idian value and it is placed in the center of the N x N array. A new image array

is created and begins with the N x N array. Going back to the original array, the

next set of N 2 numbers is still taken from the first N rows but shifted one column

to the right, thereby using Intensities from columns one to A + 1. The process

contin ties, storing the median values in the new array. This type of filter will not

affect step changes in intensity but will adjust a noisy pixel to a val ue represntlative

of its neighbors. An (N + 11) x (N + .1) array will smooth more than an A' x AN

array, however, it, may take significa|ntly longer to process (6).
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iII order to Increase processing speed, somie form of (lat a re( 111(1ionl 1in st I,

enmployed. Information about the shape andl magnitude of Hi.h outpiut of all opti(alI

fiber contained inI a, large a rray of pixels( i.e. 256 x 256) canl be redl u (m 1~ )VlourierI

Traiisformn(FTl) met hods. A FT dlecomp~oses a wavesia pc into ain inii mi t el coun tahI e

set of sineCs and cosines. 'Ihel FT equiation Is (2:313):

F 1, v) =F If (x, y) } j fx, y ) C- 2 7 (xt+!/dy (8)

ThC Cgeiiral shiape of (t(i pat tern is contained inI thle lower frelfpicieis of the FT

whlile mlore (let ai led(Iniformat ion, such as sharp) corners, is coiitai tied *ii th li glier

frveetcy components of the FT (3:262.263). As an examiple, the square wave InI

figu re 7 (a) can be rep~resenited by a sun1i of sinles and Cosines. lIn thiiis speci fic examinple

lie coefficients of thle Cosinte t eriis as well as thle even ha rinic sli tieterms are( Zero.

Thuiis (iii I odd hiarmnic site waves are tieeded to represent this wavelfOrm. Inl 11c

gei er-l case. however, all coefficietts will have iioni zero val ies. As shown iiii figure7

1)). thle general shiape of thle square wave catn be acl ieed wsiig (iill\ t lie first few\\

lower frequency cotiijonctlts. fit the case of a storedl (ligital array of itisit i(51.

tie array call be conivert ed to ft(i freqiieticv doimain ii lW iiati of at fast Fon t-ier

01 usIformI( ET). .Afthouli lie iii pit array may be real tiiinlrs oilvY. thle outl pilt of

lie FFT' will be a recal array aiid ati iiiiagiliarv arr'ay. These arrays are replaced wit It

a itge 10ciiagiitnile arraY bv comiiiig each array ('leilit thlroughi thle foriuiul1a:

Maguqifiiuh V( +) (w)

Thiis tiagitutde ariray coiitainis thle lowe r frqe Components ill each of thle four

COruIirS. Iii ordler to place thle center fre'uteticY at thle ceniter of thle arrayv sHii rtieIMI

hY lie lower harmnics withl frequencY in1creasing oiutwaird from t ilie center , the first

ai thirdi ( as well ats he secotud andl fouthl quadraniits tii11t lbe swapuped,. ci iii iniuh

1II
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Cidliedi quadiranit swappinhg. The funidamnent al freqieiicy is Il OWIIiI tie (I 'ii r. T he

SeCOIIl iharmnic is composed of the eight iiliiiilbers suirrouii 1ng ie cciii er. The

third harmonic consists of thle si t eeii nuimbers siirrouiliilig thle s('ci)1 i a ri 1lull iC'

Ti s Process cotit i iics ou twardi 10 thle edige of t lie, arraY. Thierefore. ii fortia t iol

regal'(iig t he general shape of a large array can be stored ili Ilie firstI Few ha r-muiis

of at magitutde a rray of spat ialI frequenicies.

2.:- ('otpa rison of liiiaqrs

Sillce 1hifoliatloll coiiceilIMI g thle shape of al ii nago cal he st red Ili Ow lower

liariioiiics of s"patial frequneis. thlese (olipolielit" cand re'presenit Ihli cotifoililt 5 of

it \'ct or commifoly calle~ld itfeatilre \'ect or. This result" si a v'ct or of N coiipoiiiit s

for. each Image. C'omiparinig th li ilap'es is Just ditimat 1(1 of, calciilidt ili, (istaiiceS

lw~ eii .- diiiieiisioiial feat tre vcctorl'. Thiis Is dobm' ]ISiliig ihe \hl s i (ltalice:

A 1,%

Whli If is P li iiri2'l ka A 1, is1 iailcd l It.ii mi~a idn ft'r V 11 '1,

kno'wIi ;Is 1"ahico(iiili di"iii('. A\ 2-1) cxamle is siiowii lin 1ii-iire S.

Ilhe Ilp, of tin' two vcclorvs Ii at ('21) and ( k)1\. a 'l~ln' 'Iiii;IS:

11 (5-2)+±(1 -3 - I

IF~ ~ ji .)2 2 - v'U

\liil I015(' i added('hl tI t(' s\5t(ii. ti(e \liikowski (l istait( cdli lii scd fItt pdt ill1



-Taxi Dist alice

-6 Liiclrdearn Distanice

:3 -

3

1 2 3 1 5 G

Fi1glure 8'. Taxi D)istanice arid Friclideari 1)istarice

".1111e anid (alcrilatilia, the (distanice to a 1hst vector represent org anl unkno~wn~ slape.

The closest reiriplate vector clavsfiis I lie test vector.

2. ,i I aI 11( i

'Iris chiaprter exainiil t wo opt ical fiber systemls which:I rise thre power Irolii

t\nIfillers to deterriile AOA. P~ropagat ion of light radial iou thlrouigh i aher

was. Jpics('iitedl ill order to unid~erstand~ the cardioild out put fromr a short fiber. Then1

SiIi tI rg. dlta red et ioll arid at patternii recogniit ion t ech iiqie risi ri feat ire~ vect 015

Pr rVIeweld Ill ali (effort to deirilonisilte tea.-liiltv of, leternlinlirig11 AO;\ thIrori~hi

;allvsis , oth li iitellsrtY palttern ni fr i (llot pit of anl optical fiber. ('Iapuer .1 (lils

th" la I ('ht oi\ set rip. yl ('jii llii(t risen a rid prcsin ot aeis-(.
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III. Expcri'icii.(l Approach

Ilie expimen11cltal port ion of thlis thesis uisedl a Spiriconl fraiiie gl'ralJ('I opt i-

('ill Ilelicl andl soft ware writ teni Ii '11111)-( and 'ADA' to perform thle iiece1sarV

pitm t-siiig of thle datta .\ ii -Turbo C' progranis were writtenl bY tie alit liur. '['lie

I g. roram ui sed for thle fas;t Fouirier t ransformi( El' ) was supp~iliedl by ( orge

Ltiiiriieati( 1 -S1 (8). Tis clia]tcr examinles thle decsigni of tihe optijcal bl(iti.

datia collection. andl thle processing of that dal a. Thie reader is isuimed to be fa-

nIiiar witII ii se of a i iI BN or coni Ipat II We personalt con 11)11 iit er( C~) u Isin th c NS- I )05

OIH i-loi ratm iuabb Syse

Ihis exlperiiitit requiiredl t lie nlecessarY hiardlware and~ soht ware to aiillie t ie(

wuInt put ttelisitv pat tern of' an optical fiber as it was rotated through s('veial angples

of iiecidelice of incoming laser ratliat ion. The Spiricon 2250 Laser Heani liagnost IC'5

S\. iiwas cliosnil sinc(e it hprovidled high Image resolit ion. Th'lis svsteni was uised

to uial fraies of (lata, store that dlata Ii a file. anid dlisplay' a 3-D) plot of thle HIN1iauC.

I Iw sstciii cosis.I-ts of a p)rocessiig card wich u1ses two slots InI an IBMI conupat Ie(

pcl ,oliitl (omlplitcr(I K). versioii 5.0 Laser Beani liagnost ic softlware, at ('I 1'II

2x .-12 Chaiirge Inflcton IDcxice( ('11) camera, at real-ti Ill d1splay1 ioiit (i. it 11(1

111 iteteSSar iv (( ctli ( g tahles. .As iiist mieiitionied. t lie 22,7)0 sx'steni Is advert sed to

wtr k xv ItIIIIi I~ a 1.\N IAl\. I I3NI 3m,(), or I I coinia pil lle. A\f't en iiilI exjteriiieiitl It tntI

\\]III varioull ('s itS 1'a v:,!''t thit tue 22.tt7)() p rieiitlvy ()II\ v~w WtiKS i an IM

AI I m;1sunv Lw due to a ;id es pyug Jouiii \6it, lIi t i -2 I S' ;t ndI I :T',(t

mi whitcit thle 2270)t svstc e i iid toI op utrat e. I )etails regit rdim i ti op erltio (,iiI* tilt

Spivicoi 227)(1 Lase r Beam hliagInost It SvstCiii cant] ltC fotnild I alt)ettlix A\.

Is
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Beam steceriiig Ilist uuilel ud

Rotating St age
NI) Filters

( Collinmator

Figure 9. Opt ical Rench L ayout

? .2 De'y of Op ica (nucl

Siice this w~as a new area of research. the optical be(nch hilad to be (esigIie

and~ liilt lTiis requlired thle fabricat ion of several fixtuires. Thie eniid result was a

sipJle. reliable. and easY to use System for gathering (lat a. ligi"ire 9 (let ils, thle

op t ical bleicli design.

Siie li is (letectAor wvil be uised at large (list amuies from t he sou rce of laser

liat ion., thle illplit, to t ie detector was assumned to Ihe a iiiiformu auiijlit uid1 plauie

wavxe. A 50m\V Newport. Equiplmenit Corpora tion (NECX) lie,-Ne, coti i inmois WaIve

la( providled in Jplit to t lie syst (iii. The lbeauii passed I lroiigli a xa a ihie t t eiialm

a IId olt o at heani st ceri ng, i iist iuliiuit. Tis red need 1 eall iiju t Y ;111(n I i de the 4

o~h of beaml aliguinlieilt sigiflicantivl eaisier. Onice Ihe beaml wa1salilu'l paiaIlvI wit I

Ihe topi aiid onec edge of t lie opticeal heuieh 1isiuig a recfere lije po(intl oI a) imnvalei

sc'e IIIa N1; be'ami collimator uisiiig at.-31 5 pm )iliole was p)lacedl III Ile Learn~ H;t hi.



To) simplify the job of alignment , thie collimator was bolted to at t ransverse'. fine

resolution, movable stage which was mounted onl a laboratory jack. The out put of

tile collimator was a 2.5c71 diameter Gaussian profile. This was passed hirolighi a

3mn aperture alignedl onl the reference point. This apertuore mat ch ed the size of' t If(

fiber an(] was used strictly to align the camera and( fiber as.sembhly. To facilitate I le

iiioutifting of thle fi her within thle camera, special C-mount fixt iires were fabricat (d

with 3mni holes through the center allowing a snug fit of thle fiber withIiin thle fi xtumre.

Illree fixtures measurinig -2n. I ' n, and 2q' N were fabricated to ficilitte t Ii Ii 1 ers),i.

fin lengthus of 11in, 2in , and 31om respectively. The fixt ires were t hreadled ou tsidue to

screw Into thle ('-m-ount lens Casing of thle Camera, fis provided ri gidl collpling

of thle fiber and camera. Each fiber protrudled I in i fromn th lend1( of the C-muonmit

fixIutre inisidhe the camera. This insured Imnin separat ion bet ween thle endf( of thle

fiber anmd the glass plate covering the CID dletector array. Since the glass p~late vvas

i .,51 i thlick,1 t ile distancebletween t lie ei]( of each fiber and~ thled(et ect or was 2.5"wmi.

To simulate various angles of arrival(ADA), the camera asseniiblv a lcdo

rotating stage. This required another fixture to be dlesigned aiid fabricated to mioun t

II ie camera to tilie rot ationi stage. Thiis fixture allowed thle camiera to b~e t rau stlIed

in at radial direct ion to facilitate align menit of thle endf( of lie filher wit Ii tilie rotat ionial

axis while keeping laterall miovemient to a miniiimum. Thel( camera and rot at iou stage

was mon t ed to a t raiis verse, filie. resolumtifol m oi.iivablle stage,. S[pacers were mised

to adljust, height sinice anuotlier IabI orat ory jack was not. ava ithVle. Tlie camera

ahI ineul by Cent ern g the fiber oil thle 3mm ]) earni passinhg 1hironugh t he apertumre. To

cen t er thle end~ of thle fiber onl tilie axis of rot at ion, thle cam era was tilmu red on (Ii x

iiMod e) andl thlen rotated app~lroxi matecly 25 (legiees froim 1 oresigl it. The camiera wa-is

lieu IrallSlatedl raldially for miaxiuiiiiiit nensitv anid lockedl downi. l'isis shownu Iin

fi-Iure W.

Tilie 311m; ajpert ii'e was 1 lien replacedl IY 2 nieutrial ulciuit v filters withI a comi-

hi ed optical densit v(O(DI) of' I.2( .e. M11.2). Ini addi tion tilie va rialmie aft t maa 1 r1[md
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Figure 10. Centering Endl of Fiber on Axis of Rot at ion

to be adjusted to maximum attentlation(OD = 2) to keep) the camera satu~rat ion

to a rmiimum. Since the 3mm optical fiber sampled1 a small port ion of the 2.5cm

Gaussian beam, a uniform amplit ude plane wave was simiulat ed. Since the camera

array was sensitive to visilble light, and no filtering was readhilv available. (lata was

taken under cond~lit ions of very low ambllient light.

.A Pr-cpa ration of F'ib rs

Before thle fibers could be used for this rescarch, thle enids had to lbe polished ats

fki t and] smioothI as possible. T.!-' following proceduire (let ails tis work. Thie polisher

m ,lwas a !3uJiler Pu brinet dual platen pOuiSier. he WIe Was Cut aj~)rOx i nat ely'

2.7on i o%-ersiz( byel etchlin g one Sidle of' t Ie fiber with ita razor 1blad e. T1e fiber \\as

I hl grasped1 In bot hi hands and~ Snapped to achieve a rathe 111leali brealk. Thne fiber

wa then inserted iiito an adapte~r plate muounited oil thle p~olishier. This adhaptc(1

plate was specifically fabricaled for the :31ilf fiber used Ini this resecarch. After the
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fiber was properly mounted oil the polisher, a 12jim grit aluminimii oxide polishing

disc(yellow) was placed on the right platen. These discs are color coded and range

from O.:3j/m to 12pn in surface texture. The polisher was started andi a bead of

fibrinet polishing extender was placed on the disc. After 15 minutes, the course disc

had removed approximately limm of material from the end of the fiber. The end of

tie fiber was now flat but rough. At this time the 12pim disc was replaced with a

3mmi silicon carbide disc(gray) and a O.31im aluminum oxide disc(white) was placed

on the left platen of the polisher. A small bead of polishing extender was placed on

each disc. Once again the fiber was placed against the right platen, this time for only

2 to 3 minutes. The fiber was then smooth enough to be finished on the left lplaten.
This finishing step took anywhere from 6 to 10 minutes. The adapter, wit h tie filer

still securely clamped, was then removed and the end of the fiber examine1 witli a

small magnifying lens. Removing the adapter and fiber rather than the fiber alone

h(lped to insure that the end of tihe fiber would be reinstalled parallel to the surlface

of the polishing disc if further polishing was necessary. Two fibers were polished for

each of the three lengths.

3. /I Ga/hering Tcmplatc Data

With the camera in live mode, the camera fiber assembly was rotated to find

boresight(i.e. zero degree AOA) on tHie fiber. The stage was then locked lown and

lhe angilar measurement, on the rotation stage noted. In this case. zero degree AOA

ol the fiber was 0' + 25' on the rotation stage.

Data from the 3fin fiber was taken first since the longer fiber exhlbited the

greatest a mount of change per degree of mot ion. This was eXpected d ue to tlie lIarg.r

inimiber of reflections imposed by the increased length. This fraie was executd and
stored in file 0 D ~13. This represented a zero degree AOA onl tie 3 inI ifer. The

stage was rotated ole degree to tle 10 : 25' mark on the rotalioniil stage. This

fra'me was executed and stored in file IDEG3. If is iilpoi'taild thlt the files are
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named in this manner with no extension since these are the filenames recognized

by the preprocessing software. This procedure was repeated through 25' resulting

in a total of 26 template files. Data was then gathered for the 2in and IM fibers.

Those files were labeled *DEG2 and *DEG1 respectively where the * represents

some arbitrary AOA. The angle of incidence was the only parameter allowed to vary

during the initial data gathering portion of this research.

3.5 Preprocessing

To help determine the optimum preprocessing, a program was written which

performed various operations on the data. These included median filtering, normal-

ization based on highest intensity, log compression, location of peak intensity, and

thresholding to name a few. This program called log3x3.c allowed direct manipu-

lation of full size Spiricon files. Further details on this program can be found in

appendix B. Through the use of this program various preprocessing schemes were

tested and the results displayed on the monitors to observe the effects. These ,esults

were used to design the final preprocessing program preproc.c.

The program prcproc.c first reduced the 512 x 512 Spiricon data to a 256 x 256

array. This was done for two reasons. First, because of the small size of the fiber

relative to the sensor array, the fiber output intensity pattern fit within the center 256

x 256 pixels. Second, and most, importantly, this reduced the 263,052 byte Spiricon

file to 65,536 bytes. This reduced file was strictly data with Ino hel(iher or parameter

information. Next, the data was niedian filtered. This median filter differed from the

filter described in chapter 2 in that it placed the median value into the center pixel

of t lie array currently being filtered instead of creating a new array. Therefore each

med(ian sort was performed using a previously sorted medlian value. This was namned

a recursive median filter. Through the use of the previotisly mentioned Iog,.3. c

program., this was discovered to be more efficient thai tle Oiiedia, filter describ(d in

chapter 2 . This process he]lped reniove the significantly hi ;l Jer ii m-isities imit rodliced
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by overly sensitive pixels in the CID camera array. This operat iot t hus removed a

great deal of unwanted noise while preserving the shape of the pattern.

Following the filtering operation, the data may or may not be converted to a

compressed logarithmic scale. This helps increase the low intensities with little effect

onl the higher value intensities. This option was not selected during this research

effort. The program next entered a normalization routine which scaled the data

such that the highest intensity in the file was set to 255. This took advantage

of the full range of data values allowed by Spiricon. Folov:Wig thwi7, the la a wa,

thresholded. This option allowed the user to riot only choose a threshold value but

also select whether the data should be binarized. In other words, everything below

the threshold value is set to zero, but if the binary option is selected, then everythiiig

above the threshold is set to 255. Otherwise, those values above lhe threshold are

left untouched.

To help select a threshold value, a histogram option can )e chosen iu the be-

ginning of the program. This option places a histogram of the normalized data for

each file into the file TEMPHIST.DOC or TESTHIST.DOC depending on whether

template or test data is being preprocessed. These files also contain the sum of

inlensities and the peak value before and after normalization, as well as the coor-

dinates of the peak intensity. Figure 11 illustrates this histogram. 'h'lle out pt files

are appended with a .256 extension and placed in the PIOCI)ATA suibdirectorv of

SPill. This program will process multiple files without user intervcniio. F urtllier

information on this program can be foimd in a ppeudix C.

.3.6 lt. j

Information concerning the general shape of an image is carried in the low

frequency Fourier components (3:262,263). Thus, an attemupt was muade to wrilte

an FFT program to run on the PC that could process a 256 x 256 unisigned bvte

array. Two problems were enicountere(d(. The first inIvol ved thie ('o11 v(Tsi o)I of cach
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HISTOGRAM OF DATA
(Value in parentheses is value on spiricon plot)

0.00 percent of the values lie between 0(0) and 15(127)

3.47 percent of the values lie between 16(128) and 31(255)
5.92 percent of the values lie between 32(256) and 47(382)

16.98 percent of the values lie between 48(383) and 63(510)
27.01 percent of the values lie between 64(511) and 79(637)
12.07 percent of the values lie between 80(638) and 95(765)
13.92 percent of the values lie between 96(766) and 111(892)
9.34 percent of the values lie between 112(893) and 127(1020)
3.34 percent of the values lie between 128(1021) and 143(1147)
3.27 percent of the values lie between 144(1148) and 159(1275)
1.72 percent of the values lie between 160(1276) and 175(1402)
1.53 percent of the values lie between 176(1403) and 191(1530)
0.88 percent of the values lie between 192(1531) and 207(1657)
0.25 percent of the values lie between 208(1658) and 223(1785)
0.21 percent of the values lie between 224(1786) and 239(1912)
0.1 percent of the values lie between 240(1913) and 255(2040)

Figri 11. llistogi-am of Normalized I)ata



itnIty value from one byte (unsigned) to eight, bytes(signed), tlierelby allowin

dloule precision floating point calculations in com-puting the VET. This Jpro(Q55

increased the size of each file to 524,288 bytes. Tis add~edl to thle seconid pr)ildiii of'

Hunitted memory. The IBM PC allocates Randomn Access IMemiory (RAM) iii 61Kbyte

se-nueit s. Significant time was spent trying to performn tie( FFT on thi's large data

file within the memnory constraints imposed by the PC. Evncttially this was overconie.

but the results from the FFT were erroneous. During the troubleshooting, it was

(discoveredl that George Letourncau had a working version of an UFT writ ten in ADTA

which ranl on the VAX 11/780 uising the VIMS operating syst eml (8). This prograilli

accepted a 236 x 256 array, unsigned b~vt e formiat, a 11( rettirned a 25G x 256 isgie

byte array representing the mnagnitude of the VET. This programn performed all ie(

necessary quadrant swapping to center the frequiency comlponent s.

To use this program, transfer the data files from the PC to thle mainframe in

lie following manner. First copy the dlata files to floppy disks. Take these disks to

room 243 and iinstall in dIrive 13 of a PC containing the File Transfer Progra ii(l-FTP).

Dri ye B3 will handle double density and high densityv disks. Type VFhP followed hy

the name of the comp~uter which has the VET prograi(i.e. FT P i80a ). At thle FT P

Ipronpt type BINARY since data and not text is beinig transferr-ed. Now type MI- .. 1,

1.256 for a multi pie transfer, and all files will be t ranmsferred to( the ii iai nfrainie.

Once transfer is complete. type BYE to ret urn to D.OS. Logon to thle miaifraiiie

from aii appropriate terminal an(I type RIJN 2DFT. Type inl thle filetiaine of t lie file

to be p~rocessed at the Ipromipt. I!ponl complion11 Of thle FET. tilie prog1-ra ili will ask

for the nlamle of anl on t piit file. Ty'pe thle originial fi leii ai wit 1i a ii FT'i prefi x. lor

exaiple, if the input file is ODEG3. 256. thle out put file will be F~i)L( D-J;3. ). After

the filelnme is Select ed, thle programi will coniit iie to perforn a H ou gh t raisfor-ii.

so -pe CTRL, Y to exit. the programn ani rest art it for t ie( next file. A fteor all files

hiave been Fourier transformed. t ransfer' the files back to dIrivye It oii the PC by iisinmg

%it; FT instead of NIlPITI at thle JEIil) hromlpI.
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\Vhen this program was first used, some unexpected results were obtained.

Most of the files had outputs of zero magnitude. It appeared that the FFT program

required binary input since the only files which yielded expected results were those

witlh intensities of 255. All files should have been normalized to 255, but a rounding

error resulted in a normalized peak value of 254. However, five of the 26 template

files had peak intensities of 255 when the frame was executed and therefore did

not require normalization. The rounding error was corrected, and the files were

reprocessed. This time the files were binarized to insure the entire iniage was Flourier

transformed. The threshold was set at 64 to reduce noise. These files vielded good

results. After further investigation it was con firmed that tle F FT program did not

recognize values below 255. The I'T program was corrected and better restilts \\ere

oblained. T'lese results, as well as problems with the noise reduction lreslhold. are

discussed in chapters 4 and 5.

To extract the fundamental and first three harmonics of the FFT, a program

was written called ternplatc.c. This program accepted input files with the FT prefix.

The files were read in one at a time and values in the center 7 x 7 array, which

represented the desired low frequency components, were written into each row of tlhe

file TEMPLATE.DAT in the TEMPILATE directory. This resulted in a teml)late file

of 26 rows and 49 columns. Each row represented a 49 component feature vector

containing the shape information of the original image. A program called di.s nc( .c

was written to calculate the separation between each of the 26 vectors in 49)-1D space

to insure adequate distance between the vectors, thus allowing less cliaice of error

when classifying a noisy test vector. The distance betw(en each tcinplate vector and

its nearest neighbor was placed in the file 1E 1P1)IST. 1)O( . l'irther information

on tlhese two programs can be found in appendix I) and appendix VK respectively.

27



3. 7 Classification of Test Vectors

Gathering test (lata was the next step). The camiera was rotatedl to air arliIt rarvI

angle anid locked down. The AOA was taken fromn the r'otational stage aridl writ tern

dlownr for future r-eference. This frame was executed arid stor-ed iii file ()iS'. The 0I

in this case represented tire 0 number test vector, not the numb~er of (legrees.sic

our- objective was to classify this file using tire previously treCate'd template fie to

deternune the AQA. The * repr-esented the fiber lengthi, similar to thIe pr-eviously

mnittioned template fles. This pr-ocess was repeated 8 more timnes r-esullt irg ill 9 test

vectors nuimbered 0 through 8. These files wvere i-rocessed in the same maimer- as

the tempjlate files except for, a mi nor (Iiference. This t i ile thle t mplo t. programi

crecatedo a. TEST.lAT file coit a iing thle 9 test vectors and thle (list a (-.r C rogra iii1

calc(ulated the (list ances bet weeli thli temnpla te vect ors anrd each tlest vct or. These

(list anrces were storedl ii 1'EST 1) ST. DOC . Thie miniilimini (list ance classi fied thle test

vector AOA . Thre r-esults arev presenitedl ii Chapter 4.

3.S Soft lwi-P 1'r*i-ifica tioi Pm[ huocs(i

A significant por-tion of tire t~m iniivested in thIis resear-ch was dledica ted to

soft ware. This Inrcludoed riot only progr-anirunig but also ver-ifying cor-rect r-esuilts.

is ta. ver-y restrictive lnugai ay coi-tvIi-tteii progr-amls will

st Ill comipile, prlodlucing inrcorrect r-esu Its. Thus, yen ifyinrg corrtect out purt at v'arious

si a ge5 of progr-anniing wa~s necessar'y. Tire fir-st progr-am wr-itten, loq.Ix.;C, coirtieol

sever-al r-otr tn es whlrinch were-( iii (ividurallv yen fred. \'errficat iou also took place arrvt irne

a chianige was mnade t~o thre pir)gi-am.i

lProgr-ammiuing the medianl filter- was a little ticky since tre (data arrays used

iii thiiis thesis effor-t wvere to large to he st ored ii thre PC ( iirorY. Toovercor ie

his pirolbleml, thre (data was segrirerited an(l no mor-e t hain 10 Ut)ows were readl ill

at one ilne. Inl or-der- to (ol-l('ct I pelrfor thie miediaii fi I ng oper-al on. t liese

segIirt's Iiad to over-la p. A file iiarued P~LAY cwrit alill( ii rig ceiit i\eli icreasiri
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integers was createdl to veiytecorrect operat ion of the iiie [jaii filt er. especiall v

at the seams where the segments overlappedl. Since a ne(]ian filter will njot a ffle

consecutively increasing numbers, a correctly operating median filter wouldl produ lce

no change in this file. Once this small 16 x 16 file (lemoristrated correct, operation of

the median filter, the rouiti ne was chiangedi to handle the 51 2 x 512 Spi rICON array.s.

Thle output of this larger array was th en displayed Oil the Spiriconl reail-t ilnc mloii it Or

aiild complaredl to the original image to verify correct filteri ig of the larger airray\.

For further verification, a 1)1nary image of a circle and a square were also (realted

Inisidle a 312 x 512 a rray. A nedlian filter wvill not affect ste(p climiges iii it ensi ty.

Comp~arisonr before andl after p)rocessin~g showed no change inl eit her of these twu

ars.This rouitine also calculated t he sumn of the i it V te. 'I'l is sli111 ins also

used as a reference to yerify anyv changes later iiade inl t he progra i.

The nlext p~art of t he programi wals thle normlal iza t loll proedu lre. TO yen fv

op~erat ion of tis routine, scal inig fact ors andl ranloii pixel nt ensi ties 1 efore anid

after normualizat ion were pri ntedl to the screen and( complaredl to ha iid calcl a ed

rcsullts. The log compression and( the t hreshiolding routiine were hanldled inl the sam~le

imi inncr.

:\ I rout ics(' inl /oylx.c. iiicudiiig onles not iiin ioiied ab1ove,. were alddit ionll yl\

i ied usinrg Norton's 11 L:X ed(it or. l-sitsfon qx. C wer , isI'tIIt l enl

programis writtenl hater.

Ihie JIdft program was verified by creating 3 files containing ai rect fi mid io,

delt a funuct ion, a nd a coiist ant futi~~ton. T[le omit p) it pro-dll~C(l thle expcted sillic

fu nctIion. (constanit fiunct ion, and delt a function respect ivelv (2:31 7). Nort on's II L:X

edit or was once,( agalin used to further yen fY resii Is.

Several prograis were writ te('i inll 'U to veenfy thie operat ioul of I lie Sp Irill(li

s(,ftwa-re. For e'xampllie, using ai programn cal led oddro a'. whiech set odd row ixels

to 255 andi~ even row pixels (equal to Zero, it was (liscoverecl t hat S piricou i on lv lis-

plav~s every other row of camIIera dlt a onl t he( real1-I ilile lloiltor..\ nlothIer programl
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cal'led dot.c set a single pixel to 255 and all others to zero. Spiricoii is supp ed to

access a user create'( file nareiud BAI)PIX to ignore tils pixel while it processes the

daia. Through t lhe use of dot.c, it was discovered that I his feat ure was not workirig

correct Iy. See appendix A for further informationl.

This chapter examined tihe (design of the optical benich. ThIis included a d(jSCIrs-

sionI of eam I aligumnt and opt ical coml)Onents use(d. This was followed by reilla rks

on fiber preparation. data gathliTIg, )roc(essiig, aid software yerficalioul PrOCC-

dur(es. The next chapter presents the results of this research and a brief aralysis of

those results.
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IV. Data Analysis

The p~reviouls chapter discussedl the procedures usedl to gal her aiid( process I 1 i(

(hat a. TIs chanter aia ly-'es the results ob~tai ned from thIiis resea rchi. Thie nonl

symmetry observed ]in the out put pattern for similar angles onl opposite sides of

Iboresight is first examinedl. Tis is followed by a Presei itatiloll of thle variolus dit a

gathleredI andl a disciul sion of the resuilts.

4. 1 J ssiw of Von -SYmllviy

During thle dlata galhelieng port ion of tis research, a non symiiijt rY was oh-

servedl bet weeii opp)osite sides of boresglit. 'Filis Cont!rad ict s thle belief t hat itle

ouitput pattern of a circularly symmuetrnical fiber shiouild also be sYnirical. 'Ihlis

aiioiialy c-anl be easily exp~lainied. \\li t1 clinds of thle fiber are p)olliedl. (xtrelie

care muIIst he takeni to polish thle ends ort hogonal to the core ax is of' lie, tiber. 'I'lie

fibhers uised Ii this research were claniped Ii a fi xt ure fabricated speci fically for a

3mmi fibI er. Th e polishing 1)roc(,ss was completed for each fib1er before it was re(-

nioved fronii thle fixtulre. D)ue to thle Iiiability to conis idtly claill) Ihle fiber ili thle

fixt ure. tolerances in i lie polishing naclie compilonients. suich as hearings, and~ thle

inability to polish t lie enids perfect ly flat, thle (lt ralice aiil (exit of t lie fiber iiiay

uicit her be parallel to each ot her nor niornmal to thle core axis. Ilien'fore. whli thle

flbr is mounted Ii the camiera and I lie core axis Is colilirear withI thle laser heani.

lhe beam maY cointact t live (ltraice to the fiber at aii angile ot her thlaii Wt. 'I'lle

outl put t lierehore appears mionl svliiicnal als I lie caliira Is rotatlled froni olle( side ofI

loeiglit to ft(i other. "Ihi is call lbe dhemionst rated h'' rotaiii'' t li ca nuera X liil'' i1)

Iiv yeIllode anmd Vat chli g t lie on 1)11pit t emi'li aiige. A Isu t olcma lices Ill lie Ih a Is

of thle C Ii iouiiit fi xt ire( a l thle fact t hat th l ole maI;Y Ila\ heei liIl at a sI iudit

allngle with lm thle C muloimit lIxl ie ad 1(1to t luoi viimie :iv. '[Ii us it Is Ilupon! aiit



hat t oler-aices be kept to it iiiiiiiitiiiiiii with reslpct to t he folishnlg and Jii()uit iri

of ie( fiberl Ii a pr-actical aJpplicat iol.

4.!? Pl, (cn~/atl of !?isuIlb

D~at a was gathliee for- all thi re lenigthus of fiber. Th is corisi st e of gril ilI I

a frami e of dat a for- (a('l degreec of inicidcnce fr~om 00 tht- ough 25' . lach fr-an e wais

plalced II a file and each file pr-ocessedl to create a .19 compoioiit temlaicl vect or which

ir iresciitIedl that partI icilIa r aniglIe of airrI\al (A OA). All teimplatIe vectoris were placedl II I

lihe f Il I EN I PLAT A' K)AT . As st ated earl Ier, the 1( 3 1 i f I her was p rocessed fir-st becaiso

of Ilwie ior a 1)1( rate of change of outp1 uit pat t eri per (logree of ch an- Igei .. OA wii 'i

('01 par-ed to tilie shor-teor fiber-s. This was due to thle iiicreased il iiil- of refilect itlis

eiicouiiitered by thei laser- light as it pr-opagate0( tIi rough thli fiber-. Thivre Ii flriilt

~Iffwsi Ig teclI II II( I Ies were ulsed [or- tI IIs fi berI. Since Ht li FIst FourIer -I t raiflorI-,I()F I:>I

r~outl h'c mlit iall, v ejiired biiary ilipuit .a Iret-sliold ofG 61(r-ange tt -- 2.5 was set in thec

pr-epr-occssiiig progriam /)' rc(and~ thle biniary opt ion (lioscil. I Iis tiliresluold was

chosenl based onl coiriparison of lust ogranis of all templlate fIles. lst (hat a wa.is tOln

llat hleed For. variouls AO:\ and~ Irocessel III thle samle Iiiainiiue. Thecse AO.* arl ol

Ill collilliri I of table I. Thie two 70 nicasuurieiint s weio t akeni selairatelyv to check

rI cwat alhilit v. The I'liclideaiu (list aiice bet weeii each test vect or and I;all temuplat e

\etcoi's was ('a](ilatw. The idniui(istanice classified ('ail test \*((lt-i. ['lie

reI-cits ar-eshown Ii thle t w()colliliiis labeled BI NARY~ (GI) of table I . 'I'le numb11er. Ill

lirilthoses, represenits thle t lireslid va hue chioseii. Thie ( it r Hi ie(ist it rice co)fluirt

represents t lie fist ajuce betweenl tilie test vector- and its closest tempiIlaite Ieto.I is

pl'(Neiilted here ats at I'claivecoipl-isoui rathl thanl abs'olute Iieasirwilieuit . [lie -Ill

hill c.st mlated AO.\ colmoun lindicatles correct classificationl if tlie test vector'.li

te-t \Thtols were class"ified cTIrec tv hilt err1ors" ats hlighl as. G l('"ier wer apae

It wa believed hat sonic i1fornulatl~ inwas lostI wli'u Ilie (1ia awas luiilari./cd

So thle I'FF irogia iii was mlldi fiei to accepi ituon bi nal- dv lita. Th iis 10 uu 1 i na mv



Table 1. Classification of 3m Fiber

Distance Between Test and Template Vec(tors
3in Fiber at 0' Reference

Binary( 64) Non-Binary Non-Binary(61)
Act. Est. Est. Est.

AOA AOA Distance AOA Distance AOA Distance

17 *17 29.02 16 12.96 14 2S.35
22 20 9.60 21 11.04 20 13.64
24 21 7.88 22 6.78 22 10.49
15 12 68.09 *15 12.96 12 10.01
21 *21 5.48 20 10.00 *21 10.68
3 *3 158.93 *3 44.36 *3 143.31-
7 *7 154.40 5 40.80 *7 160.70

13 91.86 *7 35.95 13 135.36
11 7 144.35 *11 21.12 110.28

44V/ correct 44(/(, correct 33V/ (-'oii(,Wt

__CE = 6' 0W\CE = 2 \VCE = 6'

( 'o{rct ('lassilicat ion
*V'' = \Worst (asw' lrror
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Table 2. Classification of lin and 2iM Fibers

Distance Between Test and Template Vectors
2in Fiber lin Fiber

00 Ref. 0° - 15' Ref. 0+ 15' Ref.
Act. Est. Est. Est.

AuA AOA IDistance [AUA Distance AOA Distance
17 10 23.41 16 27.53 18 26.19
22 17 21.82 *22 22.58 23 17.66
24 *24 16.97 *24 17.55 25 15.49
15 *15 28.71 *15 33.23 *15 35.76
21 22 21.86 *21 30.03 22 21.07

3 *3 101.54 *3 38.65 *3 37.95
7 *7 51.00 6 72.90 *7 56.66
7 *7 46.95 *7 75.17 *7 59.00

11 *11 43.47 *11 43.17 12 38.94
67% correct 78% correct 44% correct
WCE = 7' WCE = 1' WCE = 1'

'( orrect Classification
\\( ' Worst Case Error

iFOwcssi ng was perforimed wvith and withorit a thiresiold. ilie resillts are showin in

thIre last ,t columns of table 1. The number (6.4) represents tre lhreshold value. It

call he seen that tire fno - thresholded processing yielded lh(' 1hst rcsnlts wil I 11X7

corrcet cl assificat ion and a worst case crror(\VCl') of onIl 2'.

The next researclh efFort. examined tH effect of fiber leing Ih or A 0, dAlect lol.

Aii data was processed nor-binarv with no thiresholdi. hased oir the previous resrlls.

" ,st Data was first gathercd for the 21? fiber. Th'e 0 (boresighlt) rcl*Crcncc was foun rd

to be 0' - 15' oil tih rotational stage. This was ,10' less than when the teilplale

data was taken the mront b'ore. This can easily be accou teicd for. \\lIrc1r (' i
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the camera is loosened from its mount and allowed to move radially to adjust for

different fiber lengths, it may also move very slightly in a lateral direction. Another,

more significant, factor concerns the alignment of the laser beam. In tile nionth

between when the template data was taken and the test data was taken, the beam

steering instrument was accidentally adjusted. This required Conl)lete realignment

of the beam. In addition, the 0' reference is determined by rotating the camera

in live mode until a full intensity circular pattern appears on the screen. This is

a subjective measurement and not accurate within minutes of a degree. Taking all

tlese factors into consideration, it was not surprising that boresight had changed

from when the template data had been taken. Measurements were taken at the

salile AOA increments as the 3iM fiber. Results were favorable for 1lie 2iM fiber with

(,7%;/' correct classifications, however, errors were significant with a \VC' of 7'. These

results are shown in I table 2. All angular references in the tables are relative to actual

boresight and have no reference to the rotational stage.

4. 2.1 Reliaility Testi, Immediately following this, the camera was realigned

and measurements were made on the lin fiber. Three tests were made with the 1li7

fiber to assess reliability in deterinination of AOA. The first two tests place(] the test

vectors 15' on either side of the 0' boresight reference. This was done to verify the

alhilitv of the system to continue to correctly determine AOA with a. small angular

d viation. These results are also presented in table 2. These two tests were suc-

cessful. both resulting in a NVC]. of 10, however tie first test lperformed 31% better,

aCdiie,'ing 78V% correct classification. The data. shows that all errors in the first test

wNvre oil the low side an(l all errors in the second test were higi. 1liese results were

('xNect ed siice the data was first taken to lie negative side of zero and then shifted

to t he posit ive side of 0 ° . These results are also presented in ia h1 2.

j 2.2 Ihs.ri//s of l t)sitlr I'aria/ion and Non Syrninctr ' The third reliabilitv

t's with lhe li, fiber was comb)ined with two other tests. TI'ie first, test exani|ued
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Table 3. Classification of 1i7 Fiber With Rotation and Variable Intensity

Distance Between Test and Template Vectors
1in Fiber at 0' Reference

Rotated 900
Std. Int. 2 x Std. Int. .5 x Std. Int. Std. Int.

Act. Est. Est. Est. Est.
AOA AOA Dist. AOA Dist. AOA Dist. AOA Dist.

17 *17 40.02 0 47.75 16 39.04 3 121.94

22 *22 28.70 *22 55.48 *22 37.87 21 42.33
24 *24 16.12 *24 40.27 25 36.72 22 43.24

15 *15 56.73 *15 80.51 16 37.47 14 101.42
21 *21 36.22 *21 55.46 22 41.16 10 57.43

3 4 60.23 4 104.39 *3 59.24 *3 88.84
7 *7 77.86 *7 91.31 8 59.93 6 146.80

7 *7 75.19 *7 94.48 8 63.07 6 147.08

11 12 44.25 12 61.85 23 46.84 12 96.21
78% correct 67% correct 22% correct 11% correct
WCE = 10 WCE = 170- WCE = 120 WCE = 14'

*('orrect Classification
WCE = Worst Case Error
St(. Ilnt = Standard Inelnsitv
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the affect that a variation in incoming intensity would have on AOA classification.

The second measurement involved rotating the fiber 900 to verify that non--syinlnetry

due to the end face being polished non-normal to the core axis would affect correct

AOA determination. The benefits of this approach were two-fold. First, this al-

lowed one more check on reliability. More importantly, however, the reliabilitv test

provided a reference as to how good the results of the intensity and non-svminetry

test really were. The data was gathered in the following manner. Measurements

were taken with a 0 degree borsight reference such that there was no angular devi-

ation. The camera was rotated to the first test angle of 170 and the data gathered

as before. Then, the .40 OD neutral density filter was removed, more than doubling

the intensity(i.e. 10.40 = 951), and another frame was grabbed. The .40 OD filter

was replaced and another .40 OD filter added, thus decreasing the intensity. aln(

data gathered again. Finally, the added .40 OD filter was removed, the fiber and

C-mount threaded fixture rotated 900, data gathered, and the fixture rotated back

to its original setting. This procedure was repeated for each of the nine test angles.

The results are presented in table 3. The first column once again shows actual

AOA. The next two columns represent the third reliability test. This test achieved a

correct classification of 78% with a WCE of only 10. Thus the reliability of measure-

nient of AOA using an optical fiber was verified. Using this as a comparison, it can

be seen from the other columns in the table that both a change in intensity and the

non-orthogonality of the fiber entrance with the core axis affect AOA (let erminat ion.

The adverse effect of intensity in AOA detection is due to normalization based on

peak value. This effect could be eliminated through normalization based on total

energy. See Chapter 5 for further comments.

The fin fiber appeared to give the best results hut this itilav e rIIiseadlig.

The fibers may have gotten rotated inside their fixtures between teinplate aiid test

vector data gathering. li addition, the measureients performed in this research

wre subject to hu mali error each time the beani was realigned or tIhe camera ro-
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Table 4. Total Intensities and Peak Values for Template Files

Template Intensities Before Normalization
31n Fiber 2in Fiber lin Fiber
Total Total Total

AOA Intensity Peak Intensity Peak Intensity Peak
0 1282365 255 1358228 255 1435971 137
1 1340016 255 1331934 255 1382093 226
2 1490947 255 1365646 255 1359795 224
3 1510842 255 1354307 255 1363492 255
4 1520684 255 1378817 255 1344498 255
5 1507261 255 1357861 255 1368844 255
6 1658921 214 1362819 255 1301121 255
7 1642212 173 1345390 255 1392867 255
8 1608812 89 1393817 255 1300821 255
9 1569449 132 1371979 255 1298955 255

10 1513587 107 1414075 99 1345798 255
11 1515596 177 1320108 107 1278165 255
12 1468427 80 1409195 105 1261141 251
13 1456887 105 1301680 160 1295665 255
14 1439063 65 1294684 214 1247163 217
15 1467542 68 1303516 80 1222484 255
16 1409270 83 1286716 99 1282444 255
17 1492634 70 1280034 110 1199557 255
18 1411670 65 1254365 127 1190632 255
19 1387286 49 1247458 69 1160464 255
20 1425437 59 1226093 63 1171707 226
21 1285504 50 1259666 96 1157413 224
22 1342986 50 1240201 82 1105218 143
23 1130085 39 1216688 96 1124846 98
24 1150165 43 1181791 35 1055813 61
25 1076821 28 1134245 32 1013,11' 51

Average Noise Intensity = 102.8,10
,,\\A('rage Peak Noise = 12
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tatedl. 'Ihe longer fibers may be more sensitive to these slight dlifferences whichl can

occur b~etweenl tests. It is possible that thc longer fib~ers may' out perform the lilt

fiber in more controlIled, less subjective cond(Iititons. This may alIso I1101(1 t rue In highewr

resolution applications where template data is taken in increments of less thanl 1'.

hlowever, a look a~t table 4 does indc(,ate that the 1?'in fiber maintains a substantial

peak value for higher AQA's which may play a part in Its apparent better perfor-

miamce Ii AOA classification. Further- research will have to be conducted] in tli is a iea

before this canl be validated.

j.2.3 Discusion of Thresholding Schcne Looking at tablec 1. AOA (detection

was more subject to error when thresholding was set at 64. This niumbler appears

to be sufficiently low to eliminate noise while still maintaining enough signal to

(lermine AGA. The reason for the poorer performance can be attributed to two

fact ors. .As the AOA increases, more light, is reflected off the enitranice of the lii er.

Thus signal intensity is reduice'. while noise remains relatively constant. This can

be seeni in table 4. The first, columin of each section shows the total Intensity and

lie secondl columin shows the peak value ibefore normalization. Each total ilitelisitv

valute represents the sum of the unsigned bytes(()- 235) Ii the reduced 256 x 256

a 'a. ins sumimation was performed in the prora I 'I1c.c ogies

una gto these nummbers, five reference frames of (data wietaken with n h ght

onl the camera to get 5011( Id (ea of t he Iloise leel lpresenit. These Ira i ie vielde I an

a verage I ntenmsityv of 402,840 a iid anl average peak value of 12 before iiorinaia t ioul

For AOA 's above 200 the signial-t o-noise ratio wa~s low enuiigh to cause 1 )robhiis In

A ( A class ficat ion). Figures 1 2 aiid 13 show how thle hiighier peak valu e pat ternis at

lower A OA 's appear before anmd a fter normal izat ion as coi] pa redl to thle lower pc(al{

valime hiigher A OA 's presen ted iii figures 14 at)l 153. The secondl fact or is P inoI;I

rclat (d( The thmreshioldling rout imie ]i t he Jprogramii prlY ') 'C. C was on na),lly placcd

n the programn to lbinarize lhe dat a or to select ft( di (at a above t ie thireshlh for

vl'iwig or processing. It was riot. placed iii time prograni to help (l' uMiat e uIuis.S



Figure 12. 173 Peak Value arnd 70 AOA Before Normalizationl

F igure 13. 17:3 Pea~k Value and 70 AOA After NormalizatiOnl
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Figure 14. 83 Peak Value and 160 AOA Before Normalizatiloll

Figure 15. 83 Peak Value and 16' AOA After Normnalizat Mou
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Ilierefore, it was placed at the enid of the program, after the Iiorriializal loll roult I l)('.

A I liresholding routine to reduce noise should be added to the program allead of t lie

niormualization routine. This problem is addressedl in the recomlfendlat loJIs sect io f

This chapter presented the data, gathered in this researchi aui(l (iscussedl Hie

results. The next chapter presents conclusions of this research and r-ecouuIHICIeuiills

for fu t.uire research i n t his area.
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V. Recomncdationis For Futu.re Rescarch,

5.1I Con1clusionis

'i'lIs research was conducted to test the feasibilIity of using t, Ie( owut)it pa IterlI Is

frovi optical fib~ers to determine angle of arrival( AOA ). The experint a Id op 0 ca

svst eiii was designed and assembled, complete with camera and fraicgral )l)r. I iri s

wcr fa lbricatedl specifically for this research effort to allow for ease andi rell i Iilv

duiiring I lie (lat a. gathering port ion of tlhis thesis. Tlhe se parts Illd11 lcd I Ii reade C-~

niount camera fixtures designed to hold the fibers Firmly in place withliut daiiage,

a fixture mounted between the camera and rotating stage which allowed oilv radial

novemnent of the camera., and a. 3mnm apertuire used to align the end of the fibler

wit l thle axis of rotation. Much timie was spent learning the 'Turb~o C' Ia nguaoe

a id writing the code which performed the signal processing. This was origin al code

wvri tten to be compatible with t he Spiriconl systemy. Th is code is pfo 5(1 t ed II 111

apI~elidiCes.

Several areas affecting AOA deltection were investigatedl in this tliesis. These

IncIluided various fibeir lengths,, laser intensities, and pro(:essitng scliezines. Thel( III?

1h r gave Owli best results alIthough variations in preprocessinig scheimies or Iiilier

reSolition applications niay affect t his. V'ariation iil source ielisi lY resilted III

(lI-MOleis AOA classification, dlemonist rating the liied~ to niodifY lie pro~iiw jr-

powu. cto compIensate for this variation. All dat a. was presenit ed as anl ad (, u u-i

ruCsearchi.

A few of thle suiccesses ad ieved III this thiesis were presentceO ahIove. b oil il8(

ale'( minlor complIaredl to thle miajor success of shfowing t hat anigular 1(501 it ion (4 10

om less Is possible thirough the aia1vsis of thme output pallternis fromma iil optical hhler.

B C 01 iiiieiicIlat lolls for fuit iiie resealrch are pres~elitc(( ill Ilie luexi selIIul.

13



5.2 Rhco tt itrn datIilns

Th IIs sect I o I(dis cusses recoiuuienidlat toons for fll tfure resea rclIi ii AO()A hc I ctctI.

H ecolilienldat ionls include upgrades to the optical beiich set iii. ('orr(ciii ig for va ri -

ablle I ntensityv, as well as imnpleimenting correlat ion and1( neural net work proce, sil

A Newport Equipmifenlt C'orporat ion (NEC) modlel 4181 iiaiiual 1 101alt l Ist age

wVas uisedl for this research. Tis rotational stage has a verier scaled in i mit ('5 of

degree of arc. The resolutilon of this stage was adequate for this iial feasihilitv

slt(]d,, hut thils stage is small and can suplport the weight of tllie(,1 I ( '1 ca ii

andi cables oiilv if that wveight is evenly (list riiiiedl across Ilhe stage. Sice I lie c:1iiici8

andl cables are off center from 3 to 6 inches. tis st age allows t lie camera aissei 14

to dIrop) at a slight angle such thfat it is nio longer parallel withI t ie( tj of I t lie opt 1(81

beich . Since dire laser beam is aligned p~arallel to the( to0p of th lienich . t lie 1 a'ain

enicounit ers thec entrance to thle fiber at a slight angle. Il( ie se, of Ile( NE IK(dciloth

-195 rot ational stage is suggested. ']his stage is larger and1( has al most thIvre tlii is tie(

load capacityV of t he model -181 . This is also a miotorized stage coiitrolled I hy aii1 I

or- coinpat ible PC uisinrg tie( M 8-1)08 operating syst em. Tlis added feat are a I lo\Vs

s-ti ac rotat ion fit iiicremnits as small as .001 (degree while ant oiat ica l1; adj ilsi ng

fr hack lash iii t lie nmec haniism. Thel( NEC 495 should make t lie Job oh ga t lien i ig d a 18

less tedlious aiid also allow rep~eat able performrance. Thlis stage was oni ordler at th e

tinme thiiis resea rcii was pierform edl and should arrive fi IDecembher 1 9S9.

I,1i1iitcd elil( IeWats spentl onl prepr-ocessilig Ischliis . MllYi approaclit (.; hc ~

takeni to prepr~oce'ss tite dat a. each giving (differenit results. (outtlling i(51ii1l

shld i ii(linle chl Inigig tie( piaaicre 's uised il iii pI )" )rp('s Iii n ho'pe's (d is-

c('ovriig le I t('st O)''))''5igsl(ile.Oe examiple would be to anialyze tlie results

of log comtpressinig thle dhata siiice hiiiiil (d tiie did iiot allow a chanlce to inlvoke1 t1111s

((1)1iou Ill add~it ion. thle p)i('roc('ssiiig p~rogrami shouildI he miodlifiedI to aidd a i

'1n11(1l a hiead of, Ih liioruiializatoti r'ouit ie~.

lProcess"inig was iade uilor di lhicii t wfi itlie I'Ll' progra)) ii o t i naii fr iii



a 11( tie( necessary t rarsler- of files. [lie( files hadl to lhe pr-ocessed orle at a I ii 1wh

ie( ulserI. Ihle pr-ogril could be modified to Ii ii 1iti1t iple pr-ogr-a lls with lit e

lilt (U-velit loll. t)Ill the files would still have to be trarisferred to t he iia fuiti d'

haitck. By comple t ing het( wor-k iec ess ary to enalb le t l i pT/ progaiii to runi or i I 

all (dat a gathering and pr-ocessing c-an be per-formedl 1thle sam e colliil er. 'Ilie /I.c

p)rogriam call be combhlined1 Nvitli thle prcpr-oc. c, ticnip/a c. c, andl distatc, pi-op uga i us

to pr1ocess multi pie files Withbout uiser intervention. Add to tis the possihi lit v of

auitomat ic dat a gathering with the computer contirolled rot at ing st ape t ilggcrii,, t ie

Spinrcon fr-ame grabbler to grab a frame at each iirenrt of r~ot atioi- maid fnoicr1

r-esea rcli c'an be (lone more efficienti . Once thle teiipiliate fills alecra v' I i( I iser-

(ami nimove the camera to anl ar~li ary angle, call at pr-ogr-a ol thIe PC( whiichi w~ild

d~o all tie( riecessary processing and~ comparisoiis to t)1 ie temipllat e file. ;md Ii id lie

A O. (of thle test vector. in thle out put file.

Ili i jla(t ice tilis detector wvill be subject to( vatrioirs lit(-iities oif laser- rad iat ioi.

I iii liet research shiold~ involve lusing thie variable atteriat or tol change 1 lie it nisit v

of iicoitmiiig laser- radiat iou and lioli fyinrg t ie( pt-eprcessi rig, irogr-ait to adIjuist for'

lii s chianrie. 'Ihe( niorrial izat iol pr-ograml clrreit lv ini use Selects th lieak val in'

ill each (laa file and~ calculates a scalinig factor byv which to mnultiply each dat a

p oit lt(pixel va lire) siuch t hat the new peak va ire is 2.55. Thiis expanids t~i anige oIf

vlies ill each file to thIe mlaxi h1n i but11 does riot adjuist the( (Iveral I iit erisitv oif each

file to a comn (11 efer-ence. Thurs tie( niorrializat ioni routine should be a ppenda ed to

allow (utlipenllsat loll fr, varialile laiser iiiterisity liy adjust ing all fies to a (oillill

r('fetvilce bef ore per-forniiig t ie( peaik irorralizat loll.

Ilue 01liY sourlce iseh Ill t is thlesis was a 50mW Ile-Ne laser- withI an iit lirt

w\vaelcii-tIli of 1i32.S,,,i. SinaI' Ndl-'1A( laser-s w\]it hita wavelengt o f 1 (hi;,', are

i.r.valelrt ill 1tiiiitar-v aplpiicat ioiis for. target illirriiiruat ioll. the( reclationl of waveieiigt I

:\maut 11( ru'(()lnirl(lidlt(lii iii\')l\(' Jlio(('Ssinig. ( mrrr'ncitll th l lcas.i, l ari



iii vyes creating a test featuire vector from the low frequency li rier (OOnIw1(11

atid( com paring thIiis test vector to previrouslyv createdl t emipla te feajtijre vec()rs, i s-

nI Mi nkowski distanice for classifheat iol l. 'is is onle of thle least ciec i e wavs lo

c assify dlat a. Ili ordler to utilize In format ion from all frequencies. a correlat ion I),

tweeri test and t emplate' vectors canl be pcrform ed InI thle freq uiericY dwloila inl Th I

Cali1 be accomnpI isbied L).v mnodifyinrg existinug soft ware suich as Gecorge Lelon riieaim s

iFFlT program. using I NISI. l ibrary programs, or (developinrg a workling versioni of Iih

reri t lY creat ed F FT programn writ Ien in 'Turbo C' for thle PC. TO performi th e ('or-

ii Ialo ion. L t 1le real and I iiagi nary array mu ist be accessible. Take thle conj 1 a I ( of

hr imaginary component of thle t empllate airav and thlen perform at point for j)oiiit

(com plex nmult iplicat ion Letweeni thle template and( test arrays. The muilt iplicat ion

whIchl vieldls thle h ighiest Correlation peak classifies thle test vector. .AnothIer pr'ocess-

nmg, schienme involves usinrg a Neural Net to classi fy thle test vector. B ecauise N( -idr

Net s are inihiereit lv siow, care niust, be t aken Ii select inrg t he Inputs. One( pible51)1

sel od input s would be thle 19 low fre(1uielicy Fourier coiiipoieit s (tirielit 1v used Mi

lw inMinikowski (distance calculatin

Mliv (dat a reduict ion and~ p)rocessing schiemes exist arid Ilie limit (e( research

cuuIlductc(d In O thtlesis' will hopefully p~rovideC inicent ive for. furthe le iivest igatlw iuIII

h i area.



Appendix A. Spiricon 2250 Laser Beam Diagtnostics Systemit

This appendix was written to assist thle user in repeating the data collect iOn

p~erformed in this thesis. Any information not specifically covered1 here canl be found

wit hin one of the two Spiricon manuals retained by AFIT.

The Spiricon 2250 Laser lBeamn Diagnostics systemn contains a p)rocess1ig" card

wlhichl uses two slots in anl IBM compatible p~ersonal computer( PC). version 5.0) Laser

B~eamn Diagnostic software, a CIDTECI .512 x .512 Charge iject i Devicc(CI)

camera, a real-time display monitor. and the necessary connect ilg cahles. The 2250

s xst emr is id vert ised to work wit hi i al a 13M AT. I l3M 386, ori, 3BM (011 j~la iLiec After

much experimnentation withI various PC' s. it was dIiscovered that the 2250 a ppa renit ly

oil.\ works onl an IBM1 AT. This may be due to ant addressing p~roblem witin the

/A218*s and IB3M :386 in which thle 2250 system failed to operate.

The version 5.0 soft ware is containled on two 3GOIMbvte floppy dlisks. The files

were copied onto the hard drive inmt o the directory c: \ sp ir. Subdirectories were aiso

created to hlandle the variouis stages of the dlata. Thle subdirectory R~A\\lAI'A -onl-

a ined the( originial framles of dlata received fromt thle CI D camera. These files cointain

263 .052 uinsigne d byvtes. The st ructunre of thiese files xvili be a(lresse(lsiir I' lie

suibdilrect ores PROC'l)AT:\ and Fl 1l)TATA containedl I)1i)Ioce'ssci dat a amid Lolitr

I ra nusforlii (FT) dat a resp~ectivelyx. These files cont aini 65.536 iisined vI es . l'inii l

lie s i)(1-l r l es 'U IP LATLF1 anld 1 IKST contain ilie featmire vctors ('0111 sc o)f(

t li low frequenicy Fourier ('mollielits rep)resenitiMg the( shiape of ile( orliill * -ae5

Ihuse fles vary Ill leligi i depelldil oil OI le iiiiiiiber of' vect 015 colit aillei Ih li fle.

l il(.'s (mit aliilg 11iforiiai loll relaltilug to I ie results of da(hta i)10(c55Iim' in als o 810 t(rc

ill t hese last two slilhirct ones. The files colit ainiel In all s1uilofirect ones will lhe

e~allulIill grealter detail illi tl(' pollillig sect ion onl l1oce"Silii ,.

To start Spiricon, type ('Q31) fromi withiiri the c:\spir dircory. 'ic ie uili

1111111i Wiil appealr on] ihe ('0111 flu t e mi01101 xvit la fexw seconds. Scveral suii - tuu urns
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are' av'aila ble fromt the mrai n menu. Most of these are not of Imm ed iate (oncern and

will iot be addIressed1 here. Type F7 to open the setup inenu. To) allow S p111(011 to

access files in the subdirectories, typ~e [ALT] P2 andI the subdirectory raire followed

byv a ret urn. To check operation of the camrera, type P2 to access the beaniulink mienu.

Typing F2 again toggles the camnera on andl off. Tihe camera. output is dlisplayedi oil

tihe real-time monitor. Typing F 10 automatically turns the camera off and] grabs

tire frame, as well as returning to the setup menu. Typing PlO again returns to tile

main menu. Online help is available from within any menu by typing F9!.

.Now that tile camera has been found to be working correct Y and( I])e,-pt

sin )(lirectory has been accesse,,d, the functions found witin thre mrain anrd airxiiia rV

mlenlus suffice to car'rv out, tire remraining operat ions needled for thIis thie'sis5. F'1 grab~s

a new framne of data and( disp)lays it oil the reai-t inie monitor. Several seconds later

a 3- D plot is displayed onl the comuter monitor. This 3-D plot c-anl be modi fled in a

variety of ways from the auxiliary menu. The :3-D plot is a 128 x 128 represeiit at loll

of h le 312 x 512 caniera arrav. The sbicc regulates the resolut]in of I Iris, 128 x 128

arr'ay. A slice of A providles thre highest resolution when looking at, Irhe (,li t-re( tihoic)

512~ x .512 array. A slice of 4 tells Spiricon to represenft tire average of 4 ilxels ili tire x-

di rection and~ 1 p~ixels Ii the y-directiou as one iixel in the 3-1) plot . Slice values (can

inucrease by powers of 2 to the uipper limit of 64. Large slice values dlecrease resolut ionl

as, we]] as processing Ilme. lPressing MN increases tire slice value whlile pressing L, will

(lecrease tire slice. There are two c'ursors onl the plot r'epresentedi ilv crosses at, two

diagonal cor'ners. Ili ortler to achieve miaxiimumi reso I Iti ollr(slic( 1 ), tire riser lirrist

ZOOM11 III onI arr areal 110 larger than 128 x 128. Tis is acconiiflisiicd byx iii( vlnig ire

urus1"ors into th lot 110usig tile curlsor keys oin tire keyboard. 'Ilii' 11GMIF, key toggles

ibetweeni cnirsol-. Tire coordlinates of each cursor are (displayedi at tlie bot tornl of iIe

ar1ixiIl- IxnIrri NotI HIra tire cursors rnrove III lncl(eliellt s biasedl on ie sl~"ice vaile.

Gnu'e thle cuirsors anre pos')Ilitnled. pls WV. [Iris tells Spiriconi to 0)() potonly theii /(1

witlinn ire cunrsors. .Now p~re(ss 1, as necessaryN to reduice Ilce lo I. Il-reSsilig 1( trl)
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will cause Spiricon to reprocess the image according to the new parameters. There

now exists a one to one correspondence between the pixels on the 3-D plot and the

pixels on the camera within the representative area. To read the intensity value of

a particular pixel, just move the cursor to that pixel and read the value of Z at the

bottom of the auxiliary menu. The eight bit intensity range of 0 to 255 is represented

in Spiricon by values from 0 to 2040. Another variable is the magnification of the

display. If the display is too tall to fit on the screen, the user can reduce the height

by pressing - on the keyboard. Typing + as necessary will increase rnagnification.

Values of magnification vary from 1/2 to 8. The display can also be tilted in 5 degree

increments from -90 to +90 degrees and rotated in 15 degree increments from -180

to +180 degrees by pressing PgUp/PgDn and Ins/Del respectively. There are ten

different formats for the 3-D plot. Some of these add contour lines representing

level curves to the plot. These formats are changed each time the X key is pressed.

Once the desired parameters are set, they can be saved by pressing F7 to access the

set up menu. Now press [AtIFI to save the configuration. Press FIO to return to tlie

main menu. The parameters are saved in the file SPIR.FIG which is 906 )vt(,s long.

Whenever Spiricon is initially loaded, it looks for the file SPIIR.FIG and sets tie

pararfeters accordingly. There are two ways to send the plot to a printer. Tyliing P

performs a screen dump. Thus menus are printed as will as tle plot. To priint tlhe

3-1) plot. and various other information without the menus, press F2. To save the

plot to disk with the current parameters, press F4,, enter a filename of your choice,

aid l)ress return. The user is now prompted for a record nu mber. Spiri(on allows as

niany as 32,000 records to be stored under each filename. This is overkill sir ce each

record is 263,053 bytes loiig. Type I and lilt return. If record 1 al ready exists. t lie

riser can overwrite it or choose another record or filename. 'Tlie plot is stored with

fhre pararieters currently in use. Once ilhe file is stored according to tlie data path

soect ed earlier. tIe main i menu once again appears on the screen. To load anotlher

file. press F3. Thie iser is given a list of files I i t he directory chosen earlier. Press

1



the up or down cursor keys to select a file and hit return. If the required file is in

another directory the user can change directories by pressing I) and typiig the new

directory path. This is an alternate way of changing directory path. Files cali also

be deleted by selecting a file with the cursor keys and pressing the DEL key. Oice

a file is selected for loading, type return. The chosen file is loaded, displayed oil tile

real-time monitor, sliced, and then plotted on the computer monitor according to tile

current parameters. Sometimes it is desired to display the file with the paraeters

set as they were when the file was stored. This is achieved by typing FT from the

main menu to access the setup menu before trying to load the file. Type F7 again

to access the miscellaneous menu. Now type F6. This tells Spiricon to load files and

set parameters according to the information stored in the files. Type FIO twice to

return to the main menu. To quit this feature, repeat the procedure.

Two anomalies were noted while using the Spiricon system. It was noted that

Spiricon gave an error message when trying to load a file from floppy disk although

this is an allowed function. Thus any data files from another system converted to

Spiricon format had to be copied to the hard drive before being loaded. The second

anomaly concerns a user created file called BADPIX. This file contains coordinates

of bad pixels located on the camera sensor. These bad pixels are very sensitive

and register at the maximum value when little or no light is present. This resulted

in the warning message "Usable range of camera exceeded". This message occurs

whenever intensity values exceed approximately 80% of peak. Spiricon is supposed

to examine this file and ignore these bad pixels in t - data display. This file was

never used successfully although calls were made to Spiricon Incorporated and an

ud)(lated version of software was finally sent.

As mentioned earlier, Spiricon stores the data received from tile camera in1 files

263.052 bytes in length. The first 2 bytes contain the IIEX digits 39 aid 30. These are

used by Spiricon to find the beginning of a data file. The iiext 262,144 bytes are the

dit a from the camera. The last, 906 bytes contain the display parameters which were
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in effect when the file was stored. Notice this is equivalent to the SPIR.FIG file. The

data is written to the real-time monitor starting at the top and working downward,

however, only every other row of data supplied by the camera is displayed on the

real-time monitor. All columns are displayed. Although the first row of data(512

bytes) in the file represents the top row of the real-time monitor, it is listed as row

512 on the 3-D plot since the origin is in the lower left hand corner of the image. All

bytes in the last 11 rows in the data file, corresponding to the first 11 rows on the

3-D plot, are always zero.

Spiricon has many more features such as gain adjustment, curvefit, and capture

length that are not addressed here. Spiricon can also be used for continuous or pulsed

lasers.
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Appendix B. Program LOG3X3. C

The program log3x3.c is used on full size Spiricon files. This program does

not have any reduction routines, therefore, the output remains a full size Spliricon

file. The program is written in loops. There is one large outside loop containing five

subroutines. These subroutines are median filter, normalization, thresholding, peak

value, and random access. The last two subroutines are contained in individual loops

to allow repetition without running through the entire program each time. The flow

chart in figure 16 demonstrates this process.

Upon entering the program the user is asked if the data is to be median filtered.

If the user answers yes then he is prompted for a data path and filename without

the three letter extension. The filename in this case cannot have all extetision. th(

program then reads FILENAME and the data, is median filt ered while il( peak

intensity and the sum of the intensities is also calculated. The mmedian filte.re(d (d;)f a

is automatically placed in FILENAME.MD3 while the intensity data is displayed on

the monitor. The program now asks the user if he wishes to normalize to the 1)eak

value. If yes, then the program automatically reads FILENANI. NI1)3 and opens

out put file FILENAM E.NM3. The user can choose the value he wishes to set the

peak value (i.e. normalize) to, log compress the data if so desire(l, aml also display

a histogram of the data on the monitor. For exaniple, if lhe peak value of' tIe data

is 119 and the user wishes to normalize to 255, then a scaling valuec is calcnlat(d

which converts 119 to 2.55. The scaling value is then nu1lil)lie(l by each data point

in t lie, array. Log compression calculates the logarithm of each data point ii base

1(. calculates a (Iifferent scaling factor, anl then normalizes. 'I Ilis ot) ion effectivelv

raises tihe lower iiitensities such that the (data is not spread over a la'ge, ;lige of

values. The inornmalization routine oblaiis tIh( peak valule from lie iii diui1 ilte'r

rolltille. Once tlie data is iioriuialized. Ilie (ata is segiiieit e d11i (in i g i'oupi)s of 16
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Ilues. T[his inuforrmation is dlisplayed onl the mionitor up~on enterinig the thre[shiold i

routine and is used to help choose a threshold value.

If the data was h~ot mnedian filtered, the program, upon entering the norinaliza-

ion routine, will ask for ant input filename without the three letter extension .'This

time, however, the program appends the .MD3 extension to the filename which was

einteredl, such that the normalization routine still reads FILENANME..MI)3. It, then

calculates the peak value since it was not calculated in the median filter routine.

'Ilre normvalizationi routine then runs as previously describedl.

Following the normalizat ion routine is the threshiolding routine. It, a iiioniat-

icallY reads FILENA ME.NIM3 and open,, output file FI LENA NIE.T'1:3. If tlie his-

I o~gali Op)tion was chosen in the normal ization routine, it Is dlisplayedl onl then scrccn

at t his ti niv. Ani example of thInis dlisplay is shown in figure 11 in chapter :3. The

pru()raiii then displays the peak value of the data file and asks the itser to enter a

th reshiold val ue. All values below threshold are set, to zero. Trhe user can also de~cidle

to bi narize thle data. If this option is chosen, then all the values above thle threshold

are set to 2.55. Otherwise the values above the threshiold remain as thev are.

If the normralizat ion rout ine was not ent eredi. then the program asks for the

dliriect ory pathI andl filenamie withbout extension. It, automatically appends the exteni-

Sioni .1NM3. suich that. it still readls F!I TIN AME. NN 3. 'Ihe( program then asks If a

hr st ograrni of the Ia ta is desired. 'I'le programn then calculates thre niaxi inn m i nlt en-

SOtY and segment's thle dlata. It then d islays a hiist ogram if' t hat opt ion was (10os(11.

Following this the p)rograni performis as described Inl thle previouls paragr'aph.

Tie iiext rouit ii e is (led icated to find inrg tihe coordli nates of t he peak inlIensilIY.

value of' the peak iiitctisity, and thre snini of the lilt eiisitiles. This rolitiiie exI)(C1 a

(lat a palt hr and fileuranic wit hr eXtCelsion. Thus, It (hoes uiot rerliireI a spe)(CIfIC eCNriuhII0

since t lie uiser (eiter's ( his 111forn1ia l onl. Sinlc Ilhrls progra ni lies wit h1111 a 1011Ic )()op, it

call be re ('litr rll iiinicdiat clYv uponl (ullip~lctn andr givenl a new lilcurairn' to d((('ss.
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Following this routine is a random access routine. This allows the user to

display a particular area of data within a file on the monitor. The user once again

chooses a data. path and filename with extension. The user also chooses the beginning

row and column and the ending row and column. There are 512 coluniis per row ii1

the data file, however, the display on the screen is only 16 columns wide. Thus, one

row from the data file requires 16 rows on the screen. This routine also lies within

a while loop and can be accessed as many times as necessary. Upon completion of

this routine, the program queries the user for changes. If the user wishes to make

changes, the program returns to the beginning and starts over. If changes are not

re(Iuircd, the program is terminated.

It should be noted that the routines display the data pointer location on the

screen while the program is running. In some cases the pointer may indicate that

the program did not access all 262,1441 bytes of data. This is because Spiricon places

zeros in the last 5632 bytes of the file. Thus, some of the calculations. such as I he

intetisity sumination, do not need to operate beyond the first 501 rows of the file.

In summary, the median filter routine reads a filename with no extension while

the normalization routine reads a filenanie with the .MD3 extension and the thrsh-

ohling routine reads a filename with the .T113 extension, even though the user oiily

elters a data path and filename with no extension (i.e. ::\spir\rawdata\myfile).

Tlie program was designed in this manner so that a user could go smoothly throighi

each of the first three routines, exit the progra in, and( compare the resiits of ,ach

rouitine since each routine sends it's output (lata to a different file.
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/*Program LOG3X3.C*/

/*Written by Capt John W. Welker*/

/*This program performs the pre-processing on a Spiricon image file*/
/*This pre-processing consists of a median filter operation which*/
/*removes spikes in the data. The data is then energy normalized on*/
/*a linear scale. The data may be log compressed to increase the*/
/*lower intensities. A thresholding option is also available which*/
/*will set all bits below thE threshold to zero. Bits above*/
/*threshold can be set to 255 or left unchanged. An option to find*/
/*the coordinates of the peak value and to display a random area of*1
/*data is also available. Recursion means that the median value is*/
/*placed into the middle of the 3 x 3 matrix before it calculates*/
/*the next median value.*/

/*COMPILER DIRECTIVES*/

#include <stdio.h>
#include <string.h>
#include <math.h>

/*DEFINE MACROS*/

#define inrow 104
#define incol 512

#define slice 5

/*DECLARE POINTERS TO FILE STRUCTURE*/

FILE *ptrl,*ptr2;

/*START MAIN PROGRAM*/

void main()

{

/*DECLARE LOCAL VARIABLES*/

unsigned char filename[256],median-file[256],array[inrow] [incol];
unsigned char temp[91,random-fileaccess[256];
unsigned char norm-file[256] ,thresh-file[2561 ,max file[256];
unsigned record-num,row,col,max=O,countl,count2,count3,c,r,a=0;
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unsigned length=O ,peak=O ,norm-max ,threshold=O;
unsigned begin-row,begin-cal end-row,endcol,random-length=O;
undigned random-row=O,ra-ndom col=O,peakmax=O,peakrow=O ,peakcol=O;
unsigned long sum=O,offset=O,num-byte=O,slice-sn;
unsigned long norm-sum,ptr-offset=O,peakbyte=O;
unsigned long segmentl,segment2,segment3,segment4,segment5,segment6;
unsigned long segment7,segment8,segrnent9,segmentlO,segmentll;
unsigned long segmentl2,segmenti3,segmentl4,segmentl5,segmentl6;
char program='y' ,median,normal ,thresh,random,binary,maxbyte;
char log-scale,histo,header[] = {'\x39', '\x30'};
float norm-.scale=O.O,thresh-scale=O.O;

length=inrow*incol;

while (program==' y')

printf("\n\nDo you wish to smooth data with a median filter,
y or n? \n");

scanf (" %c" ,&median);
if(median=='y')

sum=O;
max=O;
num~byte=O;
peakmax=O;

peakrow=O;
peakcol=O;
peakbyte=O;

/*ENTER FILES AND VARIABLE VALUES FROM KEYBOARD*/
printf("\nEnter directory path and file name of input file without

extension: \n\n");
scanf("%s",filename);
printf("\nEnter record number \n");
scanf("/.u" ,&record-num);

sprintf(median-file,"%s.md3",filename);

/*OPEN INPUT AND OUTPUT FILES*/
printf("\n~pening input file %s \n",fIilename);



if ( (ptrl=fopen(filenane, "rb") )==NULL)

printf('Can't open input file %s \n",filename);

exit 0;

printf("Opening output file %/s \n\n",median-file);

if( (ptr2=fopen(median-file,"wb"))==NULL)

printfe$"Can't open output file %s \n",median-file);

exito;

/*MOVE POINTER TO DESIRED RECORD IN FILE*/

off set=(record-num-l)*263052+2;

f seek (pt ri,off set ,0);

fwrite(header,1,2,ptr2);

/*BEGIN MEDIAN FILTER PROCESSING*/

for(countl=0 ;countl<slice ;countl++)

f
if (count 1==0) /*FIRST PASS ONLY*/

printf("reading slice #%/u \n",-ountl+1);

fread(array,l,length,ptrl); /*FIRST READ INTO ARRAY*/

printf('ptrl =%lu \n\n",ftell(ptrl));

r0O;

for(count2=0;count2(inrow-2;count2++) /*FIRST MEDIAN*/

/*FILTER LOOP*/

f
c=0;

for(count3=0 ;count3<incol-2 ;count3++)

for(row=r;row<r+3;row++) /*SELECT VALUES FOR*/

{ /*3 X 3 ARRAY*/

for(col=c;col~c+3;col++) /*AND PREPARE FOR SORT*/

t emp [a] =array [row] [col;

a+ ;



sort (temp, a); /*FORT 3 X 3 ARRAY*/

C++;

array [r+1il c1=temp~a/21; /*PLACE MEDIAN VALUE IN*/

} /*CENTER OF 3 X 3 ARRAY*/
r++;

I
for(col=0;col<incol;col++) /*SET FIRST ROW EQUAL*/

array [01 [coil =array [1][coil1; /*TO SECOND ROW*/
for (row= ; row~inrow-2 ;row++)

{ /*RESET FIRST AND LAST*/

array [row] [O=array [row] [1]; /*COLUMN*/
array [row] [incol-l.I array [row] [incol-2l;

I
printf("Calculating first slice intensity and maximum \n'\n");
slice_ sum=0;
for(row=0 ;row<inrow-2;row++) /*CALCULATE MAXIMUM VALUE*/

f /*AND INTENSITY*/

for(col= ; col~incol ;col++)

f
sum+=array [row] [col;
slice_ sum+=array~row] Ecoil;

num-byte++;

max = (max > array [row] [coil) ? max :array [row] [coll

if (peaknax !=max)

f
peakm~axmax;

peakbyte=numbyte;

printf ("The sum of this slice is %/lu \n\n",slice-sum);

printf("Writing slice #%/u \n",countl-1);

fwrite(array,l,length-2*incol,ptr2) ;/*WRITE ALL BUT LAST TWO*/
printf("ptr2 = %lu \n\n",ftell(ptr2));/*ROWS TO OUTPUT FILE*/

I
else /*BEGIN ALL SUCCESSIVE*/

{/*PASSES THROUGH FILTER*/

for (row= ; row<2; row++)

for(col=0;col~incol;col++) /*LAST TWO ROWS ARE NOW*/



{ /*FIRST TWO ROWS*/
array [row] [col]=array[inrow-2+row] [coil;

printf("reading slice #%u \n",countl+1);

fread(&array[21 [0] ,1,length-2*incol,ptrl);

/*READ IN SECOND SLICE OF*/
/*DATA STARTING IN THIRD*/

/*ROW OF ARRAY*/

printf('Ptrl = %lu \n\n",ftell(ptr1));

r=O;

for(count2=0 ;count2<inrow-2 ;count2++)

f /*SUCCESSIVE MEDIAN FILTER*/

c=O; /*LOOPS*/

for (count3=0 ;count3(incol-2 ;count3++)

{=O

for(row=r;row~r+3;row++) /*SELECT VALUES FOR 3 X 3*/

{ /*ARRAY AND PREPARE FOR*/

for(col=c;col<c+3;col++) /*SORTING*/

temp [a] =array [row] [col

sort(temp,a); /*SORT 3 X 3 ARRAY*/

c++;

array [r+1] Lc]=temp~a!/2]; /*PLACE MEDIAN VALUE INTO*/

} /*CENTER OF 3 X 3 ARRAY*/

for(row=0;row~inrow-2;row++) /*RESET FIRST AND LAST*/

{ /*COLUMNS*/

array [row] [0]=array [row] [1];
array [row] [incol-1]=array[row] [incol-2];

I
if(countl~slice-1) /*INTERMEDIATE LOOPS*/

printf(QCalc lating intermediate slice intensity and

maximum .n")

si ice-sum=0;

GO(



for(row=O ;row<inrow-2 ;row++)

for(coi=0 ;colincol ;col++)/*CALCULATE MAXIMUM VALUE*/

f /*AND INTENSITY*/

sum+=array [row] [coill

slice..sum+=array [row] [coil;

num-byte++;

max=

(max > array[row] [coil) ? max array~row] [coil;

if(peakmax != ax)

f
peakmax=ma-x;

peakbyte=num-byte;

printf('The sum of this slice is %lu \n\n",slice-sum);

printf("Writing slice #$%u \n',counti+l);

fwrite (array, 1, ength-2*incoi ,ptr2);

/*WRITE TO OUTPUT FILE*/
/*DURING INTERMEDIATE*/

/*PASSES THROUGH FILTER*/!

printf("ptr2 = %lu \n\n',fteli(ptr2));

else

/*LAST PASS THROUGH FILTER*~/

/*RESET FIRST AND LAST COLUMN*/

array [inrow-2] [01 =array [inrow-2] [ii
array [inrow-2] [incoi-1] =array[inrow-2] [incol-2];
for(col=0;coiincol;co++) /*RESET LAST ROW*/

array [inrow- 11 [col =array [inrow-2l [coil;
printf("Caiculating last mnt msity and maximum \n\n");
slice-sum=0;

for(Irow=0;row<inrow;row++) /*CALCULATE MAXIMUM VALUE*/
{ /*AND INTENSITY IN LAST*/

for(col=0;col<incol;col++) /*SLICE*/

f
sum+=array [row] [coil;

slice sum+=array[rowl [coill
numbyte++;

max



(max > array~row] [coil) ? max :array [row] [coil;
if(peakmax != max)

f
peakmax=ma-x;

peakbyte~num-byte;

priatf("The sum of this slice is %/lu \n\n",slice_ sum);

printf("Writing slice #%/u \n",countl+1);

fwrite~array,1,length,ptr2); /*WRITE ALL OF LAST SLICE*/

pri-ntf("ptr2 = Ylu \n\n",ftell(ptr2)); /*TO OUTPUT FILE*/

if (length>906)

f read (array ,1, 906 ,ptrl);

fwrite(array,1,906,ptr2);

fclose(ptrl); I*CLOSE FILES*/
fclose(ptr2);

peakrow= (peakbyte/ (long) incol);

peakcol=(peakbyte % (long)incol)-1;
printf('The sum of the first %lu intensities is %lu \n\n,

num-byte ,sum);

printf ("The peak intensity of %u after filtering occurs at \n',max);
printf("row %u and column %~u in file %~s. \n\n1",peakrow,peakcol,

median-file);

printf("This corresponds to coordinates (%u,%u) ",peakcol,
512 -peakrow);

printf('on Spiricon plot. \n");

/*BEGINNING NORMALIZATION ROUTINE*/

printf("\n\noo you wish to normalize, y or n? \n");

scanf(" %c",&normal);

if (normal== 'y')

f
norm_ sum=0;
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norm-max0O;

num-.byte=0;

segment 1=0;

segment2=0;

segment 3=0;

segment4=0;

segment 5=0;

segment6=0;

segment7=0;

segment8=O;

segment9=0;

segment 10=0;

segment 11=0

segment 12=0;

segment 13=0;

segment 14=0;

segment 15=0;

segment 16=0;

if (median!='y)

max=0;

printf("\nEnter directory path and file name of input file

without extension: \n\n");

scanf Q'%s",f ilename) ;
sprintf(median-file,"s.md3"l,filename);

printf('"\nOpening input file %s \n\n",median-file);

if( (ptrl=fopen(median_file,"rb"))==NULL)

f
printf("Can't open input file %s \n",median-file);

exit 0;

fseek(ptrl,2,O);

printf("\nCalculating maximum intensity \n\n");

for(countl=O;countl<slice;countl++)

f
printf ("reading slice #%/u \n" ,count 1+1);

fread(array,l1,length-2*incol,ptrl);

printf("Ptrl=%lu \n\n",ftell(ptrl));

for(row= ; row~inrow-2 ;row++)

for(col=0 ;col~incol ;col++)
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max= (max>array [row] [cal] ) ? max : array [row] [coil;
I

printf("The maximum intensity in file %s is %u \n",
median-file,max);

fclose(ptrl);

sprintf(norm~file, "Ys .nm3" ,filenane);
printf("\nWhat number do you wish to normalize to (2040 is
peak)? \n");
scanf ("'/u" ,&peak);
p.LLIILiL('\nHighest intensity will be %/u \n",peak);
printf("Do you wish to perform a log compression of the data,
y or n? \n");
scanf(" %c" ,&logscale);
if (log-scale=='y')

normscale=(float)peak*255.0/2040.0/log((double)max);

else
norm_ scale=((float)peak+0.5)*255.0/2040.0/(float)max;

printf('Scaling factor is "f \n\n",norm-scale);
printf("Do you wish to see a histogram of the data i)

printf("for thresholding purposes, y or n? \n");
scanf(" %c",&histo);
printf('\n~pening input file %s for normalization \n",
median-file);
ptrl=fopen(median-file,"rb");
printf("Opening output file %/s for normalization\n\n",normjfile);
ptr2=fopen(normfile,"wb");

fseek(ptrl,2,0);

fwrite(header,1,2,ptr2);

for(countl= ; count 1<slice; count 1++)

printf("reading slice #%u \n",countl+l);
fread(array,l~1ength-2*incol,ptr1);
printf("ptrl'/lu \n\n",ftell(ptrl));
printf("Value of arrayEl] [1] before scaling is %~u \r,,

array[ EllIl) ;
for(row= ; row~inrow-2; row++)

for (col= ; col~incol ;col++)
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if (iogscale== 'y')

array[row] [coil =log((double)array[rowl [coil+i);
if(row==1 && col==1)

printf ("Value of array[1] [11 after log
compression is %/u \n'",array[1l][1]);

I
array [row] [coil *=norm-scale;
norm-sum+=array [row] [coil;
norm-max=
(norm-max>array[row] [coil) ?norm-.max:array[row] [coil;
if(histo=='Y')

if (array [row] [coil <16)
segment 14+;

else if(array[row] [coil <32)
segment 2++;

else if(array[rowl [coil (48)
segment3++;

else if(array[rowl [coil <64)
segment4++;

el:e if"'airay[row] [coil <80)
seginent5++;

else if(array[rowl [coil <96)
segment6++;

else if(array[row] [col]<112)
segment7++;

else if(array[row] [col]<128)

segment 8+4;

else if(array[rowl [col]<144)
segment9++;

else if(array[rowl [col]<160)
segment 10+4;

else if(--ray[row][col]<176)
segment 11+4;

else if(array[row] [col]<192)
segment 12+4;

else if(array~row] [coil <208)
segment 13++;

else if(array[row] [coil <224)
segment 14+4;

else if(array[row] [coill<240)
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segment 15++;
else if (array [row] [coll]<=255)

segment 16++;
num-byte++;

printf ("Value of arrayi[1l [1] after scaling is %u \n\n",
array E1] Ell) ;
printf("Writing slice #%u \nt ,countl+1);
fwrite(array,l,length-2*incol,ptr2);
printf("ptr2=lu \n\n" ,ftell(ptr2));

printf("The sum of the intensities after normalization
is %/lu \n",norm-sum);
printf("The normalized maximum is %u \n",norm-max);
f read (array ,1, 1930 ,ptrl);
fwrite(array, 1, 1930,ptr2);
fclose(ptrl);
fclose(ptr2);

/*BEGINNING THRESHOLDING ROUTINE*/

printf('\n\nDo you wish to set a threshold, y or n? \n");
scanf (" %c" ,&thresh);
if (thresh== 'y')

if(normal!='y')

max=0;
num-byte=O;
segment 10;

segment 2=0;
segment3=0;

segment4=0;
segment5=0;
segment6=0;

segment7=0;
segment8=0;
segment9=0;
segment 10=0;
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segment 11=0;
segment 12=0;

segment13:=0;

segment14=0;

segment 15=0;

segment 16=0;

printf("\nEnter directory path and file name of input file
without extension: \n\n");

scanf ("Ys",f ilename) ;

:;,rintf(norm-file,"%s.nm3",filena-me);

printf("\nOpening input file Ys \n\n",norm-file),

if( (ptr1=fopen(normfile,"rb"))==NULL)

printf ("Can't open input file %~s \n",norm-file);

exito;

fseek(ptrl,2,0);

printf("\nDo you wish to see a histogram of the data,

y or n? \n");

scanf(" Yc",&histo);

printf("\nCalculating maximum intensity \n\n");

for(countl=0 ;countl<slice;countl++)

f
printf ("reading slice #%~u \n",countl+1);

fread(array,l,length-2*incol,ptrl);

printf("ptrl=%lu \n\n",ftell(ptrl));

for(row= ; row<inrow-2 ;row+.-)

for(col=0 ;col<incol ;col++)

max= (max>array [row] [col]) ? max : array [row] [col];

if(histo== 'y')

if (array [row] [coll16)

segment 1++;

else if(array[row] [col] <32)

segment2++;

else if(array[row][cal] (48)

segment3++;

else if(array[row] [col] <64)

segment4++;

else if(array[row] [col] <80)
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segment 5-I+;
else if(array[row] [cal] <96)

segment6++;

else if(array[row] [col]<112)

segment7++;

else if(array[raw] [col-J<28)

segment8++;

else if(array[row] [coul<kl44)

segment9++;

else if(array[row] [ccll<z160)

segment 10++;

else if(array[row] [collc<176)

segmentl1 ++;

else if(array[row] [col]<192)

segmentlI2++;

else if(array[row] [col] <208)

segment 13++;

else if(array[row] [cal] (224)

segment 14++;

else if(array[row] [cal] <240)

segment 15++;
else if(arraytlrow] [colB<=255)

segment 16++;

num-byte++;

printf("The maximum intensity in file %s is 'Au \n",
norm-file,max);

peak=max*2040.0/255.0;

fclose(ptrl);

printf("\n\n\n\t\t\t\tHISTOGRAM OF DATA \n");

printf('\t\t(Value in parentheses is value on spiricon

plot) \n\n\n");

printfQ'Y..2f \tpercent of the values lie between

0(0) and 15(127). \n",(float)segmentl/

(float)num-byte*100.0);

printf(t%.2f \tpercent of the values lie between



16(128) and 31(255). \n",(float)segment2/

(float)num-byte*100.0);

printf("Y..2f \tpercent of the values lie between

32(256) and 47(382). '\n",(float)segment3/

(float)num-byte*100.0);

printf("%.2f \tpercent of the values lie between

48(383) and 63(510). \n",(float)segment4/

(float)numbyte*100.0);

printf("%.2f \tpercent of the values lie becween

64(511) and 79(637). \n",(float)segment5/

(float)num..byte*100.0);

printf("%.2f \tpercent of the values lie between

80(638) and 95(765). \n",(float)segnent6/

(float)numbyte*100.0);

printf("%.2f \tpercent of the values lie between

96(766) and 111(892). \n",(float)segment7/

(float)num..byte*100.0);

printf("%.2f \tp'ercent of the values lie between

112(893) and 127(1020). \n",(float)segment8/

(float)num-byte*100.0);

printf("Y..2f \tpercent of the values lie between

128(1021) and 143(1147). \n",(float)segnent9/

(float)num-.byte*100.0);

printf('/.2f \tpercent of the values lie between

144(1148) and 159(1275). \n",(float)segmentlO/

(float)num-.byte*100.0);

printf('%.2f \tpercent of the values lie between

160(1276) and 175(1402). \n",(float)segmentll/

(float)nun-.byte*100.0);

printf('%.2f \tpercent of the values li*, 'etween

176(1403) and 191(1530). \n",(float)segmentl2/

(float)num-.byte*100.0);

printf("%.2f \tpercent of the values lie between

192(1531) and 207(1657). \n",(float)segment13/

(float)num..byte*100.0);

printf("%.2f \tpercent of the values lie between

208(1658) and 223(1785). \n",(float)segmentl4/

(float)num-.byte*100.0);

printf('%.2f \tpercent of the values lie between

224(1786) and 239(1912). \n",(float)segnentl5/

(float)num-.byte*100.0);

printf('Y..2f \tpercent of the values lie between



240(1913) and 255(2040). \n"I,(float)segmentl6/

(float)num-byte*100.0);

printf("\n\nEnter threshold value (%u is peak)? \n",peak);

scanf("%/u" ,&threshold);

printf("\nDo you wish to set intensities above the threshold")

printf("to a single value, y or n? \n");

scanf(" %c",&biriary);

if (binary==Iy')

printf('\nEverything below %/u will be zero ",threshold);

printf("and everything aoove %u will equal 2040 \n",

threshold);

else

printf("\nEverything below %u will be zero \n",thre~shold);

thresh~scale=(float)threshold*255.0/2040 .0;

printf("Threshold equals %~f \n\n",thresh_ scale);

sprintf (thresh-file,"%s.th3",filename);

printf ("Opening input file %s for thresholding \.le

ptr1=fopen(norm.jile,"rb");

printf ("Opening output file %s. for threshc1Jdri.c

thresh~file);

ptr2=fopen(thresh-file,"wb");

fseek(ptr1,2,0);

fwritr(header,1,2,ptr2);

lor(c',untl=0;countlslice;countl++)

printf("reading slice #%~u \n",count1+1);

fread(array, 1,length-2*incol,ptrl);

printf("ptrl=%lu \n\n",ftell(ptrl));

for(row=0 ;row'inrow-2;row++)

for(col=0;col<incol ;col++)

if(binary=='')

if(array[row] [coljthresh_ scale)

array [row] [colJ=0;

else

array [row] [cal] =255;

}T



else

if (array [row] [cal] <thresh-scale)

array [row] [coil =0;

printf ("Writing slice #%u \n",countl+1);
fwrite(array,1,length-2*incol,ptr2);

printf("ptr2=.lu \n\n",ftell(ptr2));

f read (array ,1, 1930 ,pt ri)
fwrite(array,1,1930,ptr2);

fclose(ptrl);

fclose(ptr2);

/*BEGINNING MAXBYTE AND SUMMATION ROUTINE*/

printf("\n\nDo you wish to find the coordinates of the peak

intensity, y or n? \n");

scanf(" %c" ,&maxbyte);

while(maxbyte==y')

max=0;

sum=0;

numbyte=0;

printf("\nEnter directory path and file name of input file

scanf("Ys",max-file);

printf("\nEnter record number \n");

scanf ("Y.u"Arecord-num) ;
printf("\nOpening input file %s \n" max-file);

if( (ptrl=fopen(max file,"rb") )==NTULLT

printf("\nCan't open input file %s \n",max _file);

exit 0;
I

/*MOVE POINTER TO DESIRED RECORD IN FILE*/

offset=(record_ num-1)*263052+2;

f seek (ptrl, off set ,0);
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printf("\nCaiculating maximum inten.:ity \n\n");
for(countl=0 ;countl<slice;countl++)

printf("lreading slice #%u \n",countl*1);

fread(array, 1, ength-2*incol ,ptrl);

printf("ptrl=%lu \n\n",ftell(ptr1));

for(row=0 ;row~inrow-2 ;row++)

f
for(col= ; col~incol ;col++)

f
sum+=array [row] [coil;
num-byte++;
max=(maxarray[row] [colJ) ? max array[row] [coil;
if(peakmax 1=max)

peakmax=max;

peakbyte=numbyte;

fciose(ptrl);

peal:=max*2040 .0/255 .0;

peakrow=(peakbyte/(iong) incol);

peakcoi=(peakbyte % (long)incol)-1;
printf("The silm of the first %lu intensities is Ylu \n\n",
numbyte,sum);
printf'\"The peak intensity of %u occurs at row %u and \n",max,
peakrow);

printf("columai 4u in file %s. \n\n\n",peakcol max-file);
printf("This corresponds to a peak of Yu at ",peak);

printf("coordinates (%u//.u) on Spiricon plot. \n\n",peakcol,

512-peakrow);
printf ("Do you wish to find the peak and sum in another
file, y or n? \n");

scanf(" %c" ,&rnaxbyte);

/*BEGINNING RANDOM ACCESS ROUTINE*/

printf("\n\nDo you wish to look at a particular area of

data, y or n? \n");
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scanf(" %c",&randon);
while (random==y')

printf("\nEnter beginnin~g row and column starting at 0,0
(i.e. 24,105 )\n');
scanf (" %u, %ul, &begin _row, &begi.--.co1);
printf ("The beginning row and column is %u,%u \n\n",begin-row,
begincol);
priatf ("Enter ending row and column \n");
scanf("%u,%u",&end-row,&endcol);
printf("The ending row and column is %u,%/u\n\n",endrow,endcol);
ptr-offset=(long)begin.row* (long) incol+begin-col+2;
random-lengtn=(end row*incol+end..col+2,)-ptr-offset;
random-row=random-length/incol;
random col=random-length%incol;
printf("The pointer offset % /lu \r.",ptr-offset);

printf("The random length %u \n\n",random-length);
if(randcm-length<length)

printf("Enter directory path and file name of input file

:\n\n");
scanf("/.s",random-file_ access);

printf("'\n~pening input file %s for random access \~"
random-file-access);

if( (ptrl=fopen(random-file_ access,"rb"))==NULL)

f
printf("Can't open input file %s \n",randnm-file-access);

exit 0;

printf("Below is the 16 column array of values from file %s
\n\n",random-file-access);

f seek (ptrl, ptr-of fset ,0);

fread(array, 1,randomjlength,ptrl);

for (row= ; row<random-row; row++)

for(cnj=0 ;col<incol ;col4+)

if (col%/16==0)

printf ('An")

printf("%5u",array[rowj [cal]);

73



for-(col=O;col~random-col;col++)

i-!(col%16==O)
Printf ("\n") ;

printf("Y.5u",array[random-rowi [col]);

I
printf("\n\n");

fclose(ptrl);

printf("Do you wish to look at another area, y or n? \n'');

scanf(" Yc",&random);

I
else

f
printf("Maximum number of allowed rows is %Ad and the

maximum ',inrow);

printf("number of allowed columns is %~d \n",incol);

prirtf(\AnDo you wish to c Lange something, y or n?' \n");

sc-anf( /.'&program);

~ 512</*SORTIN~G FUNCTION*/
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Appendix C. Pro qurn PREPROC. C

This program is siilar to loq 3x3". c, however, it, Is dlesigned~ to( pr(e)roccess m ill-

tipjle files wit hout user interventijon. Thie Jprogi dil conisists~ of a redul ct ion ron i el.

10' '(Ii a ilteri. normalization. ai 1(! t hreshoji ing opti;ons. Li poll (nte I(_' iiIeI( propra Iill

tHe itser is ask if the datia files are( test or template files. -I'lle oil).\ dIifference I eS,

lin Hie namnes of Owe iiut anl(l outpu, files. For a t est file. t ie iii put Id' ineli may'%

be 2tst 1 for example. while a teml)ate file would b~e named 2(1eg(,. 'Ilic out jput 111(5,

ale( ap~pendedC with .256 (I.e. 2t st 1.256). Thec 2 represei its ei tlIier tHe anil of" ar-

rivald(AOX) for the template file or thec number of the test fle(. 'huei I r-preselut s I lie

length of the fiber.

Thel( piograin next Iprompts tile user for the ii al andI eiuding ;V); for temiplate

fie.or Initial and eli(Iing nuindlwr for test files. For examiple. if t~le usecr lis t akeui

data for \ O\ From .3' t 15' lit oile d]egree Iiiiellit s. thl I]- (-lt ('1 3 amud I.- for

Iiit I al and~ t'ciiig :\uOA ivsjpect ively. lie t lien eliters I( ie iig 1: of' t lie Iibher (i.e. 2fu

it 1,wo 1nic 'I f ibecr) at he n Iext P rulI[1) t . a II(I tI lI cp)rog ramI I w Ill anIIt ou Iit I ra Y1vc1 i(jIuCeISS

fie de2Ihogh 15(1deg2. It will locate anid preprocess thlese' files accurlmiin. 14 thle

iii friatioi lie( user supplies. Thev op)tions are log comliPIreSSioti. at lilslt u-aill h I iel

d-ern a ic t Ii rsliold . thuresiliold va Hec. biiiarizat ion,. and 1i1i 11 nit iid wa it (111 dcc(t ui.

tli* I).\ t~lit ';I o1 I!w uisclt (a;l it ( c lirII- owiu jIupill and kulit puti dc(t,)Il\. II

jui'4'itii iis(5 a WItl statileitl tu du this', so il ot lutl I lw( lwlins 111;v \ i' Ildled

Ow n o igrc code I Ill a mv -11Wil " a j 4(11( ig t ii O t (' cilin dHc I() Bil (.;1 1t t1,n111c

Ili ab litill to u lic -rej roces>4 I 'kii ata 41ipi it fibcs I w li il a1( ii a H inldd \\]it

,2-f l~ is a fil aII( led 'IhKFll'hll-l .DOC' futr ten1)Iplot Wcr wi 1 V.5 I IIWl[,MW

1, 1 fi'l 1 wfi- M I 11 lulav I n1w Ie llIIPLA .AI (,I. I 11 Vii(I'llt1C1i)F lusfIwc-

1% fIib1, 111, Ml itn I4 paL \ai ;u 1 u11! ci iiiiu11l;,'1i; as' 1 rhi



it's coordinates, the sul of the iiteisities, and a histograil for eaclI hat a ilI'. I e

bcginrinig of this file indicates what, program opt ions were select('ed.

ini suimmary, the program reduces each 512 x 512 file to a 256 x 2.56 file. It aL,

ex(( iltes mult-iple files a ritoniatmi ally. TIe files n inst be iII ore deLgree iii creli llis f'or

tempi)late files and one number increments for test files. For example, using a one ilh

fib er, the user may take test data at 30, 190 , and 12', however, he wori d lria ,re I in se

file's Otst.], Its. 1, and 2tstI respectively. When all processiig is conmlieted (i.e. tie

ex('(ulion of !2dft h, )1(1 a/.c, alil( distri ncc.c), t]lie prograin di. u .c will cl assifv llte

t(,Sl files, hopefullv correctlv. The program also reqri res ('Nxal c,1i II'1r, h nV i,1111

since it reads and writes to temporary files in drive 1). lacr file tlak("' ainiprroxiIriateIlv

I iute and 2(J seconds to prelroO'ss.
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/*Program PREPROC.C*/

/*Written by Capt John W. Welker*/

/*This prograa converts a 512 x 512 spiricon file into a 256 x 256*/
/*file by grabbing only the center 256 x 256 pixels in the spiricon*/
/*file. */
/*This program performs the pre-processing on a Spiricon image file-.-/
/*This pre-processing consists of a median filter operation which*/
/*removes spikes in the data. The data is then normalized to the */
/*maximum of 255. The data may be log compressed to increase the*/
/*lower intensities. A histogram of the data can then be examined*/
/*to determine the best threshold. Data below the threshold is*/
/*set to zero. Data above the threshold is either set to 255.*/
/*or left unchanged. Recursion means that the median value is*/
/*placed into the middle of the 3 x 3 matrix before it calculates*/
/*the next median value.*/

/*COMPILER DIRECTIVES*/

#include <stdio.h>
#include <string.h>

#include <math.h>

/*DEFINE MACROS*/

#define inrow 64
#define incol 512

#define slice 4

#define outrow 66
#define outcol 256

/*DECLARE POINTERS TO FILE STRUCTURE*/

FILE *ptr_in,*tempptr,*templ-ptr,*ptrout,*histogram-ptr;

/*START MAIN PROGRAM*/

void main()



/*DECLARE LOCAL VARIABLES*/
unsigned char filena-me-in [256] ,filenameout [256] ,tempjfile[256];
unsigned char templ-file[256j ,directory-in[256] ,direz:tory-out [256];
unsigned char h'stogram-f ile [256] ,temp [9]
unsigned char array-in[inrow] [incol] ,array-out [outrow] [outcol];
unsigned long length-in=O,length=O,sun=O,num-byte=O,peakbyte=O;
unsigned long slice..sum=O ,norm-sum=O;
unsigned long segmenti ,segment2,segment3,segment4,segment5,segment6;
unsigned long segment7',segment8,segment9,segmentlO,segmentll;
unsigned long segmentl2,segmentl3,segmentl4,segmentl5,segmentl6;
unsigned row,ccl,count,countl,count2,count3,c,r,a=O,max=O,peakmax=O;
unsigned peakrow=O,peakcol=O ,begin-degree=O ,end-degree=O;
unsigned fiber-length=O,begin-test=O,end_test=O norm_max=G;
unsigned threshold=O;
char test,log-scale,histo,thresh,binary;
float norm_ scale=O.O;

length-in=inrow*incol;
length=outrow* out col;

strcpy(temp-fale,"d:\\tenp");

strcpy(templ-file,"d:\\templ");

printf("\n\nAre these test files, y or n?
scanf(" %c"e,&test);

printf("\n\n");

{ft s = Il

printf("What is the number of your initial test file?
scanf(%Yu" ,&begin-test);
printf('\n\n");
printf("What is the number of your last test file?
scanf(th/u"&end_test);

printf("\n\nl);

begin-degree=begin-test;
end-degree=end-test;
strcpy(histogramfile,"cA\\spir\\test\\testhist.doc");

else



{
printf("Your first input file corresponds to what angle of

incidence? "');
scanf("%u",&begin-degree);

printf("\n\n");

printf("Your last input file corresponds to what angle of

incidence? ");
scanf("%u",&end-degree);
printf("\nkn");
strcpy(histogram-file,"c.\\spir\\template\\temphist.doc");

}
printf("How long is your fiber?
scanf("%u",fiber-length);
printf('\n\n");

printf("Do you wish to perform a log compression of the

data, y or n? ");

scanf(" c",&logscale);

printf("\n\n");

if(log-scale=='y')

fprintf(histogram-ptr,"A log compression was performed on this

data. \n\n");
printf("Do you wish to see a histogram of the data ");

printf("for thresholding purposes, y or n?

scanf(" %c",&histo);

printf("\n\n");

printf("Do you wish to set a threshold, y or n?

scanf(" %c" ,&thresh);

printf("\n\n");

if(thresh=='y')

{
printf("Enter threshold value (255 is peak).

scanf("Y.u" ,&threshold);

printf("\n\n");

fprintf(histogram-ptr,"Threshold was set at %u \n\h",threshold);
printf("Do you wish to set intensities above the threshold ");
printf("to a single value, y or n? \n");

scanf(" %c",&binary);

if(binary== y)
{
printf ("Everything below %u will be zero ",threshold);
printf("and everything above or equal to %u will equal

255 \n\n",threshold);
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fprintf(histograw~ptr,"This data was binarized \nn");

I
else

printf('Everything below %Au will be zero \n",threshold);

I

/*ENTER FILES AND VARIABLE VALUES FROM KEYBOARD*/

printfQ'\nEnter directory path of input file or: n)

printf("Enter 'a' for c:\\spir\\rawdata\\

scanf("'%s",directory-in);

printf("'\n\n");

switch (*directory-in)

f
case 'a':

strcpy(directory-in,"c:\\spir\\rawdata\\");

break;

I

printf('"\nEnter directory path of output file or: n)

printf(''Enter 'a' for c:\\spir\\procdata\\

scanf("%s",directoryout);

printf('\n\n");

switch (*directory.out)

f
case 'a':

strcpy(directory-out ,"c :\\spir\\procdata\\V);

break;

I

printf("Opening output file 'As \n",histogramnjile);

if( (histogram.ptr=fopen(histogramjfile,"wb"))==NULL)

f
printf("Can 't open output file %As \nt ,histogram-file),

exit 0;
I

for (count=begin~degree ;count<=end-degree; count++)

f

sprintf(filename-in,"%/s'/utst'u",directory-in,couit fiber_ length);

SO



sprintf(filename-out,"%s%utst%u.256",directory.out ,count,

fiber-length);

else

sprintf(filenaie-in,"Ys%udeg~u" ,directory-in,count,fiberjlength);

sprintf (filename-out ,"%s'/udeg%u.256", directoryout ,count,

fiber-length);

I

/*OPEN INPUT AND OUTPUT FILES*/

printf("\nOpening input file %~s \il',filename-.in);

if( (ptr..n=fopen(filenaein,"rb"))==NULL)

printf("Can't open input file %/s \n",filename-in);

exit 0;

printf("Opening output file %s \n\n",temp.file);

if ( (temp-ptrfopen(temp~file, 'wb") )==NULL)
f
printf("Can't open ouitput file %s \n",temp-file);

exito;

f seek (ptr-in ,65538, 0);

for(countl=O ;countl<slice;countl++)

f
printf("reading slice #%/u \n\n",countl+1);

fread(array-.in,1,length.in,ptrjin);

for (row=O ;row<inrow ;row++)

for(col=O;col<incol ;col++)

if(col>127 && col<384)

f
array-out [row] [col-128]=array-in[rowl [col];

printf("\n\nWriting slice #%~u \n\n",countl+1);

fwrite (arrayout,l1, length-2*outcol ,temp..ptr);

I
fclose(ptr.in);



fclose(temp-ptr);

/*BEGIN MEDIAN FILTER PROCESSING*/

/*OPEN INPUT AND OUTPUT FILES*/

printf('\nOpening input file %s \n",temp-file);

if( (temp-ptr=fopen(temp-file,"rb"))==NULL)

f
printf("Can't open input file %s \n",temp.file);

exito;

printf("Opening output file %/s \n\n",templ-file);

if( (templ-ptr=fopen(templ-file,"wb"))==NULL)

printf("Can't open output file %s \n",templ-file);

exit()

sum=O;

max=O;

num..byte=O;

peakmax=O;

peakbyte=O;

peakrow=O;

peakcol=O;

for(countl=O ;countl~slice;countl++)

if (count 1==O) /*FIRST PASS OJNLY*/

printf('reading slice #%~u \n",countl+1);

/*FIRST READ INTO ARRAY*/

fread(arrayout,l1,length-2*outcol ,temp-ptr);

printf("temp-ptr = %lu \n\n",ftell(temp-ptr));

r=O;

for (count2= ; count2(outrow-4 ;count2++)

/*FIRST MEDIAN FILTER LOOP*/

f

for(count3= ; count 3<outcol-2 ;count3++)



a=O;

for(row=r;row<r+3;row++) /*SELECT VALUES FOR*/
{ /*3 X 3 ARRAY*/

for(col=c;col<c+3;col++)I*AND PREPARE FOR SORT*/

temp[a]=array-out [raw] [call;

sort(temp,a); /*SORT 3 X 3 ARRAY*/
C++;

array-out[r+1] [ci =temp [a/2] ;/*PLACE MEDIAN VALUE IN*/
} /*CENTER OF 3 X 3 ARRAY*/

r++;

I
for(col=O;col~outcol;col++) /*SET FIRST ROW EQUAL*/

array-out [0][cal] =array..aut [1][cal]; /*TO SECOND ROW*/

far(raw=O ;row<outrow-4; raw++)

f /*RESET FIRST AND LAST*/
array-out [row] [oI=array-out [row] Li]; /*COLUMN*/

array-out [row] [outcol-I]=array-out [row] [outcol-2];

I
printf ("Calculating first slice intensity and maximum \n\n");

slice_ sum=O;

for(row=O;row<outrow-4;row++) /*CALCULATE MAXIMUM VALUE*/

f /*AND INTENSITY*/
for(col=O ;col<outcol ;col++)

f
sum+=array-out [row] [cal];

slice-sum+=array-out[rowl [cal];

num-byte++;

max =

(max > arrayout [raw] [call) ?max :arrayaut [raw] [call;

if(peakmax != max)

f
peakmax=max;

peakbyte=num-byte;

printf("The sum of this slice is Ylu \n\n",slice-sum);
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printf("Writing slice #%/u \n",countl+l);

fwrite(arrayaout,1,length-4*autcal,templ-ptr);

/*WRITE ALL BUT LAST TWO */
/*ROWS TO OUTPUT FILE*/

printf('templ-ptr = %lu \n\n",ftell(templ-ptr));

I
else /*BEGIN ALL SUCCESSIVE*/

{ /*PASSES THROUGH FILTER*/

for(row=O; raw<2; row++)

far(cal=O;cal<autcal;cal++) /*LAST TWO ROWS ARE NOW*/

{ /*FIRST TWO ROWS*/

arrayaout [row] [cal]=array..aut [autraw-4+raw] [cal];

printf("reading slice #%u \n',cauntl+1);

fread(&ari.ay-out [2] [0],1,length-2*outcal,temp-ptr);

/*READ IN SECOND SLICE OF*/
/*DATA STARTING IN THIRD*/

/*ROW OF ARRAY*/

printf("temp-ptr =/lu \n\n",ftell(tenp-ptr));

r=O;

for 'caunt2=O;count2<outrow-2;count2++)

{ /*SUCCESSIVE MEDIAN FIILTER*/

c=O; /*LOOPS*/
far(caunt3=0 ;caunt3<autcol-2 ;count3++)

a=O;

far(row=r;row<r+3;row++) /*SELECT VALUES FOR 3 X 3*/

{ /*ARRAY AND PREPARE FOR*/

for(col=c;cal~c+3;col++) /*SORTING*/

f
ternp[a] =array-out [row] [call;

sort(temp,a); /*SORT 3 X 3 ARRAY*/
c++;

/*PLACE MEDIAN VALUE INTO*/

/*CENTER OF 3 X 3 ARRAY*/

arrayaout[r+1] [c]=temp[a/2];
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for(row=O;row<outrow-2;row++) /*RESET FIRST AND LAST*/

{ /*COLUMNS*/
array-out [row] [O]=array-out [row] [1];
array-out [row] [outcoil]=array-.out [row] [outcol-2];

I
if(countl<slice-1) /*IN~TERMEDIATE LOOPS*/

printf( "Calculating intermediate slice intensity and

maximum' \n\n");

slice sum=O;

for(row= ; row<outrow-2; row++)

for(col=O;col<outcol;col++)/*CALCULATE MAXIMUM*/

{ /*VALUE AND lNTENSITY*/

sum+=array-out [row] [cal];
slice_ sum+=array-.out[row] [cal];
num-byte++;

max =

(max > array-out [row] [cal]) ?max:array-out [row] [cal];
if(peakmax !=max)

peakmax=inax;

peakbyte=num-byte;

nrr'n1f("T' ' rn i- f this slice is %lu \n\n",slicesu)

pr iritf(Writing slice #%.u \n",countl+1);
fwrite(arrayout ,l1,length-2*outcol ,templ-ptr

/*WRITE TO OUTPUT FILE*/

/*DURING INTERMEDIATE*/

/*PASSES THROUGH FILTER*/

printf("tempi-ptr = %lu \n\n",ftell(temp_ptr));

else

{ /*LAST PASS THROUGH t.TLTER*/

/*RESET FIRST AND L:,ST COLUZMN*/

arrayout [outrow-2]Eo0]=array-out [outrow-2] [1];
arrayout [outraw-2] [outcol-1] =



arrayout [outrow-2] [outcol-23;

for(col=O;col~outcol;col++) /*RESET LAST ROW*/

array-out [outrow- 1][coil =array-out [outrow-2] [coil;

printf("Calculating last intensity and maximum \n\n");
slice..sum=O;
for(row=O ;rowoutrow; row++) /*CALCULATE MAX:MTIM VALUE*/

A. /*AND IN ENSITY IN LAST*/
for(col=O;col<outcol;col++) /*SLICE*/

f
sdm+=array-out [row] [col];

slice_ sum+=array-out [row] [coil;
num-byte++;

max =

(max > array-out [row] [coil) ?rax:array-out [row] [coil;

if(peakmax != max)

f
peakmax=max;
peakbyte=numbyte;

printf("The sum of 'This slice is %lu \n\n",slice-sum);

printf("Writing slice #Xu \nI',countl+l);

fwrite(array out .,length, templ-Ftr);

/*WRITE ALL OF LAST SLICE*/

/*TO OUTPUT FILE*/

printf("templ-.ptr = '/lu \n\n',fteil(templ-ptr));

fclose(temp.ptr); /*CLOSE FILES*/

fclose(templ-ptr);
peakrow-(peakbyte/(long)outcol);

peakcol=(peakbyte %. (long)outcol)-1;

printf("The sum of the first %/lu intensities is Ylu \n\n",

numbyte,sum);
fprintf(histogramptr,"\n\n\n\n\nThe sum of the first %lu intensities
after filtering is %lu \n\n",num-byte,sum);

fpit-isormptr,"The peak intensity of %u after filtering

occurs at \n",max);

fprintf (histog :am-ptr, "row Y~u and column '/u in file %~s. \n\n",
peakrow,peakcol,filenaneout);



/*BEGINNING "ORMALIZATION ROUTINE*/

norm sum=0;

norm-max=0;

num~byte=0;

segment 1=0;

segient2=O;

segment3=0;

segment4=0,

segment 5=0;

segment 6=0;

segment 7=0;

segment8=0;

segment 9=0;

segment 10=0;

segment 11=0

segment 12=0;

segmentl3=0;

segment 14=0;

segment 15=0;

segment 16=0;

if(log-scale=='y')

norm-.scale=255.5/1og((doubie)max);

else

norm _ scale=255.5/(float)max;

printf("Scaling factor is %of \n\n",norm-scale);

printf("\nOpening input file %.s for normalization\n",templ- file);
if( (templ-.ptr=fopen(ternpl-..fle,"rb'))==NULL)

printf("Can't open input file %s \n',templ file);

exit()

printf("Opening -utput file %s \n\n",filename-outi);

if ( (ptr-out=fopen(fiename-out,"wb") ) =NULL)

Tprintf("Can't open input file 'As \n",filename_ out);

exit()

for(countl=Q;countl<sli cc;ccuntl+4,)

{S



printf("lreading slice #.u \n",countl+l);

fread(array~out, l,length-2*outcol.,templ-ptr);

printf("templ-ptr/.lu \n\n",ftell(templ-ptr));

printf(I'Value of array-out[l] [1] before scaling is %U \n",

for(row= ; row<outrow-2 ;row++)

for(col= ; coi<outcol ;col++)

if(iog-scale=='y')

array-out [row] [coil =

(double)norm-scale*(iog((double)array.out [row] [coil));
if(row==1 && coi==1)

printf("Value of array-out[1] [1] after log
compression is %u \n",array-out[1] [1]);

else
array-out [row] [coil *norm-scale;

if(row==1 && col==1)
printf ("Value of array-out[1 EllE] after scaling
is %u \n\n" ,array-out[1l[1]),

norm-.sum+array-out [row] [coil;

norm-max=
(norrnjnax>array-out [row] [coil) ?norm-max: array-out [row] [coil;

num-byte++;

if~hiso=='Y{

if (array-out [row] [col < 16)
segment 1++;

else if(array-out[row] [col <32)

segment 2++;
else if (array-out [row] [col (48)

segment3++;
else if(array-out[row] [coil <64)

segment4++;
else if(array-out[row] [col <80)

segment5++;
else if(array-out[row] [coil <96)

segmnent 6++;
else if(array-.out[row] [col]<112)

segment7++;
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else if(array-.out[row] [coill<128)
segrnent8++;

else if(array-out[row] [cal]<144)
segment9++;

else if(array.out[raw] [coll<160)
segment 10++;

else if(arrayaout[raw] [coll<176)

segmentl1 ++;
else if(array..out[raw] [call<192)

segment 12++;
else if(arrayout[rowl [coil <208)

segment 13++;
else if(arrayaout[rowj [coill<224)

segment 14++;
else if(arrayaout[raw] [call<240)

segment 15++;
else if(arrayout[row] [coil <=255)

segment 16++;

I
if (thresh== y')

f
if (binary==' y)

f
if(array..out [raw] [cal]<threshold)

array-out [row] [coil =0;
else

array-out [row] [coil =255;

else

if(array-out [row] [call <threshold)
array-out [raw] [call =0;

printf("Writing slice #%u \n",countl+1);
fwrite(arrayout, 1,length-2*autcol,ptr-out);
printf("ptr-o.ut=%/lu \n\n",ftell(ptr~aut));

fprintf (histagram-ptr,"The sum of the first %lu intensities
after normalization is %lu \n',num-byte,narm-sum);
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fprintf(histogram-ptr,"The normalized maximum in
file %s is %u \n\n",filename-.out,norm-max);

{ fhso=Il

fprintf(histogram~ptr, "\n\t\t\t\tHISTOGRAM OF DATA \n");
fprintf(histogram.ptr,"\t\t(Value in parentheses is value
on spiricon plot) \n\n\n");
fprintf(histogram~ptr,"%.2f \tpercent of the valdes lie
between 0(0) and 15(127). \n",
(float)segmentl/(float)num-byte*100.0);
fprintf(histogram~ptr, u%.2f \tpercent of the values lie
between 16(128) and 31(255). \n",
(float)seg-nent2/(float)num..byte*100.O);
fprintf(histogram-ptr,"%.2f \tpercent of the values lie
between 32(256) and 47(382). \n",
(float)segment3/(float)num-byte*100.0);
fprintf(histogram.ptr,"%.2f \tpp-cent of the values lie
between 48(383) and 63 (0-10). \n-",
(float)segmeait4/(float)num-byte*100.O);
fprintf(hist(,gram-ptr,"%.2f \tpercent of the values lie
between 64(511) and 79(637). \n",
(float)seginen;.5/('float)num-byte*100.O);
fprintf (histogram-ptr,"..2f \tpercent of th,? ,al,-,s lie
between 80(638) and 95(765). \n",
(float)segment6/(float)num-byte*100.O);
fprintf(histogram-ptr,"%Y.2f \tpercent of the values lie
between 96(766) and 111(892). \n"
(float)segment7/(float)num-byte*100.O);

fpinhitgrmptr,"/%.2f \tpercent of the values lie

between 112(893) and 127(1020). \n",
(float)segment8/(float)num-byte*100.O);
fprintf(histogram-ptr,"%.2f \tpercent of the values lie
between 128(1021) and 143(1147). \n",
(float)segment9/(float)num-.byte*100.O);

fpritf~istgraptr,"%.2f \tpercent of the valiesli
between 144(1148) and 159(1275). \n",
(float)segmentlO/(float)num-byte*100.O);
fprintf(histogram-ptr,"%.2f \tpercent of the values lie
between 160(1276) and 175(1402). \n",
(float)segmentll/(float)num-.byte*100.0);
fprintf(histogram-ptr,"%.2f \tpercent of the values lie
between 176(1403) and 191(1530). \n",



(float)segmentl2/(float)nunibyte*100.0);

fprintf(histogram-.ptr,"%..2f \tpercent of the values lie
between 192(1531) and 207(1657). \n",
(float)segmentl3/(float)num-byte*100.0);

fprintf(histogram-ptr, /%.2f \tpercent of the values lie
between 208(1658) and 223(1785). \n",
(float)segmentl4/(float)num-byte*100.0);

fprintf(histogram-ptr,Y..2f \tpercent of the values lie
between 224(1786) and 239(1912). \n",

(float)segmentl5/(float)num~byte*100.0);

fprintf(histogram-ptr,"%.2f \tpercent of ti-~ values lie
between 240(1913) and 255(2040). \n",

(float)segmentl6/(float)num-.byte*100.0);

fclose(templptr);
fclose(ptrout);

f close (histogran~ptr);

I

sort (list ,size)
unsigned char list[];
unsigned size; /*SORTING FUNCTION*/

mnt out,in,templ;

for(out=0;out~size-1 ;out++)

for(in=out+ ; in<size; in++)

f
if (list [out] >list [in])

f
templ=list [in]
list [in] list [out];
list [out] =templ;

return;



Appendix D. Program TEMPLA TE. C

Thisz programn is usedl to extract the low frequnnv Foiiriu r comiponient s ( 19

numbers) and create a file containing feature vectors, each of wich represenits the

slia pe of the output intensity pat tern for each (degree of Infcidlence. The~ Inputs to(

his program are files which were previously Fourier transformiedl and have thle FT

prefix (i.e. FT1ldeg:3.256). The FT indlicates that the file was p~revioulsly FotiriFr

transformed. The 15 rep~resent s a 15' angle o' rrival (AMA). (leg Is Iniiilt ive of a

emplate file, the :3 is for a 3 Inch length of fiber. and( t lhe 256 sh ows t it t lhe file Wvas

preprocessed wvi th thle program pr(Proc. c. More Iniformat ion onl iii ptit ifoiii l;t lol.

filIe names, directorY path1 s, andl prpocsing (-aii be found1( Iii alppeniihx C.

The program p~laces thle output data (i.e. featuiire rectors ) in thI e file TV NI-

IL.ATIE. DAT or TEST.DAT i (directory 'TMiPLATE or TESTI respectively. I;e

row in this file represents a part icula~r AOA and contains 419 coluns. T'hiis file Is

st rict ly used for further processing by the programn distanicc. c. Anot her out put file.

'I 1K P LATE. IOC or TEST. DOC. containis thle same iiifornmtion buHt cani be viewed

onl thle screen or sent to a piniter. These files are also cont a inied iii thle dilrect or)es

TE.MPLATE and TEST reslpective!v.

III summary. thle out put files a ~varia ble lengthI. '['lie file 1 Ml .A .);

or 1'EST.I)AT i's always '19 Coluiimns widhe, but the ;iuiriier of rows, depends oil lie

niuber of fil1es processedl. This ii. formiat ion is needed .or tf he I)rogi l 1*i 4(a/1(c c.
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/*Program TEMPLATE.C*/

/*Written by Capt John W. Welker*/

/*This program places the fundamental and first three harmonics*/
/*from one or several 256 x 256 fourier transform files into a 49*/
/*column nry wherp each row represents a 49 component feature*/
/*vector. The files must be named*/
/*[ft(degrees number)deg(fiber length).256] Example: ftlOdeg3.256.*/
/*This is the fourier transform file representing*/
/*an angle of incidence of 10 degrees and a fiber length of 3*/
/*inches. The number of your initial test file reters to the*/
/*number preceeding tst in the first test file*/
/*filename[ft0tst(fiber length).2561 and then*/

/* nunber them consecutively*/
/* You have your choice of input and output directory*/

/*COMPILER DIRECTIVES*/

#include <stdio.h>
#include <string.h>

#include <math.h>

/*DEFINE MACROS*/

#define inrow 7
#define incol 256

/*DECLARE POINTERS TO FILE STRUCTURE*/

FILE *ptrin,*template-data-ptr,*template-docptr;

/*START MAIN PROGRAM*/

void main()
{

/*DECLARE LOCAL VARIABLES*/

unsigned char filename-in[256],filenamedataout[256];
unsigned rh~r filenamedocoutr256],vector[49];

unsigned char directory-in[256],directory.out[256];
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unsigned char array-in[inrow] [incol];
unsigned long length..in=O;
unsigned row,col,count ,a=O;
unsigned begin-degree=O,end-degreeO,begin..test=O,end-test=O;
unsigned fiber-length=O;
char test;

length-in=inrow*incol;

/*ENTER FILES AND VARIABLE VALUES FROM KEYBOARD*/

printf("\n\nAre these test files, y or n?
scanf (" %c" ,&test);
printf("\n\n");

{fts=Y

printf("What is the number of your initial test file?
scanf ("%u" ,&begintest);
printf("\n\n");
printf("What is the number of your last test file?
scanf("'%u" ,&end..test);
printf("\n\n");
begin..Aegree=begintest;
end.degree=end-test;

else

printf("Your first fourier transform input file corresponds to");

printf(" what angle of incidence?

scanf("%u"Abegin-degree);
printf('1\n\n1t);

printf ("Your last f ourier transf orm input f ile corresponds to
what") ;
printf(" angle of incidence? )
scanf("%u" ,&end.Aegree);
printft?'\n\n");

I
printf("How long is your fiber?

scanf("%u" ,&fiber-length);
printfC'\n\n");

printf("\nEnter directory path of input file or: n")

printf("Enter 'a' for c:\\spir\\ftdata\\ )



scanf("%s" ,directory-in);
printf("\n\n");

switch (*directory-in)

case 'a':
strcpy(directory-in, "c:\\spir\\ftdata\\");

break;

I
if(test=='y')

f
printf( "\nEnter directory path of output file or: n")
printf("Enter 'a' for c:\\spir\\test\\
scanf("%s" ,directory-out);
printf('\n\n");
switch (*directoryout)

case 'a':
strcpy(directory..out,"c:\\spir\\test\\");

break;

sprintf (filenme-data-out ,"%stest .dat , directory-out);

sprintf(filenanedoc-out,"Y,stest .doc",directory-out);

else

printf("\nEnter directory path of output file or: n")
printf("Enter 'a' for c:\\spir\\template\\
scanf("%s",directory-out);

printf ("\n\n");
switch (*directory~out)

case 'a':
strcpy(directory-out,"c:\\spir\\template\\'):

brea k:

sprintf(fi lename.data_out,"Ystemplate.dat",directoryout);
sprintf(filename-docout,"stemplate.doc",directory-out);

I

/*OPEN OUTPUT FILES*/

printf("Opening output file %/s \n\n",filename-data-out);

if( (template-data-ptrfopen(filenamedata-out,"wb"))==NULL)



printf("Can't open output file %s \n",filename-data-out);

exito;

I
printf("Opening output file %s \n\n",filenamte-doc-out);

if( (template-doc.ptrfopen(filenane-doc-out,"wb"))==NULL)

printf("Can't open output file %s \n",filename-doc-out);

exito;

I
for(count=begin-degree ;count(=enddegree; count++)

f
a=O;

if(test='Iy')

fprintf(template-doc-ptr,"Test vector %u: \t"count);

sprintf(fi-lenamein,"%sft%utstY~u.256",directory~in,couint,

fiber-length);

else

f printf (template-docptr, "Template vector %,a: \t", count);
sprintf(filenamejn,"%sft%udeg/u.256",directory-in,count,

fiber-length);

I

/*OPEN INPUT FILE*/

printf("\n\nOpening input file %s \n\n",filename-in);

if( (ptr-in=fopen(filename-in, 'rb" ))==NULL)

f
printf('Can't open input file %s \n",filename_ in);

exito;

iseek(ptL..n,32OOOO);

fread(array..n,,lengthin,ptrjin);

for (row=O; rowinrow ;row++)

for(col=O ;col~incol ;col++)

if(col>124 && col<132)

f
vector [a] =arrayin [row] [call;



printf("%/3u ",vector[aI);

fprintf(templatedoc~ptr,/.u,',vector~a]);

if(a==12IIa==25H a==38)

fprintf(template-.docptr,'\n\t\t\t');

printf(An");

fpri-ntf(template-doc-ptr,"\n\n");

printf('\nWriting vector #%~u \fl\n",couzi,),

fwrite(vector,l,a,template~data-ptr);

fclose(ptr-in);

I
fclose(template-ata-ptr);

fclose(template.Aoc-ptr);
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/*Program DISTANCE.C*/

/*Written by Capt John W. Welker*/

/*This program calculates distances between feature vectors.*/

/*You have the option of calculating distances between the template*/
/*vectors in the file TEMPLATE.DAT to determine if your template*/

/*vectors are adequately separated in your feature space, or you*/

/*can calculate the distances between test vectors in the*/

/*file TEST.DAT and th3 template vectors in the file TEMPLATE.DAT.*/

/*COMPILER DIRECTIVES*/

#include <stdio.h>

#include <string.h>

#include <math.h>

/*DECLARE POINTERS TO FILE STRUCTURE,'

FILE *test-ptr,*template-ptr,*distance-ptr;

/*START MAIN PROGRAM*/

void main()
{

/*DECLARE LOCAL VARIABLES*/

unsigned char test _filename[256],template-filename[256];

unsigned char distancefilename[256];

unsigned char test-directory [2561 ,template-directory [2561;

unsigned char test _ vector[49],template-vector[49];

unsigned countl,count2,a,min-vector=O;

unsigned numtest-rows=",num-template-rows;

double sum=O.O,distance=O.O,min-distance=O.O;

char test;

/*ENTER FILES AND VARIABLE VALUES FROM KEYBOARD*/

printf("\n\nAre you comparing test vectors to the template

vectors, y or n?

scanf(" %c",&test);

pzlntf("\n\n");
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printf("Huw many vectors are in yorr template file?

scanf("?.u" ,&num-templae-.rows);
printf('\n\n");

if(et={ '

printf("H-ow many vectors are in your test file?
scanf("%u" ,&numtest.rows);

printf("\n\n");

else

num-test-_rows=num-tem 1 4te rows;

printf("\nEnter directory path of template file or: \n\n");
printf("Enter 'a' for c:\\spir\\template\\
scanf("%/s",template-directory);
printf ('\n\n") ;
switch (*tempiate-directory)

case 'a'
strcpy(template-dircctory ,"c:\\spir\\template\\");

break;

I

sprintf (template-filename, "%sternplate .dat , template-directory);

/*OPEN TEMPLATE FILE*/

printf ("Opening template file %s \n\n", templatejfilenane);
if( (teznplate.ptr=fopen(teinplate-filename,"rb"))==NULL)

printf('Can't open output file %s \n",template-filename);
exit();

printf("\nEnter directory path of test file or: n")

printf("Enter 'a' for c:\\spir\\test\\
scanf("%s" ,test-directory);
printf("\n\n");
switch ('*test.directory)



f
case ' a':

break;

sprintf(test-filename,"%stest.dat",test.directory);

sprintf(distance-filename,"Ystestdist.doc",test~directory);

/*OPEN TEST FILE*/
printf("Opening test file %As \nn",test-filename);

if( (test-ptr=fopen(test-filename,"rb"))==NULL)

printf("Can't open input file %s \n",testjfilenane);

exit 0;

else

sprintf(test-filenane,"sternplate.dat",terplate-directory);

sprintf (distance-filename,"%stempdist.doc",template-directory);

/*OPEN TEST FILE*/

printt("Opening test file %s \n\n",test..filename);

if( (testptr=fopen(test-filename,"rb"))==NULL)

printf("Can't open input file %s \n",test _filename);

exit();

/*OPEN DISTANCE FILE*/

printf(Ofpening distance file %s \nn",distance-filename);

if (distance-ptr=fopen(distance-filename,"wb"))==NULL)

f
printf("Can't open input file %s \n",distance filename);

for(count1=O;countl<num-test _rows;countl++)
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fread(test _vector,1,49,testptr);

fseek(template-ptr,0,0);

mindistance=5.0E100;

for(count2=0;count2<num-template-rows;count2++)

fread(template-vector,1 ,49 ,template-ptr),

sum=0 .0;

distance=0 .0;

for(a= ; a(49 ;a++)

sum+=

pow(((double)test-vector[a]-(double)template-vector~a]),2.0);

I
distance=sqrt (sum);

if (distance =0 .0)

min-distance = (min-distance < distance) ? min-distance distance;

if (min-distance==distance)

min-vector=count2;

if(test=='yl)

printf ('Test vector %u arrived at %~u degrees \n\n",

countl1,min~vector);

fprintf(distance-.ptr,"Test vector %u arrived at %u

degrees 11,countl,min_vector);

fprintf (distanceptr,"(Distance =%f) \n\n",min-distance);

I
else

f
printf("Pass %u \n",countl+1);

fprintf(distance-ptr,"The minimum distance of %f occurs "

min-distance);

fprintf (distance-ptr, "between vector %u and vector %u \n\n",
countl1,minvector);

fclose(test.ptr);

fclose(templateptr);

fclose(distance-ptr);
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Appendix F. Pro g'rwrI 2562SPIR. C

This program is used to expand a 256 x 256 data file to a .",1'2 x .-)12 rirr

file for viewing by the Spiricon system. The user only% lle( Is to (illIer a dir ,,r)

path and filename without extension. The program automatically a) (1s .2.-) ) to

the end of the input filename. The output file frolm t his program is apelidledI with

a .512 to indicate that it is a 512 x 512 file. It expands the file ly zero filling, inlserls

the two byte header, and then appends the SPIl.FIG file to the e1( 50 ii a Si ii

will recognize it. 'riTe program expalnds the file witfin a few semin Is.

I03



/*Programn 2562SPIR.C*/

/*Written by Capt John W. Welker*/

/*This program converts a 256 x 256 file previously reduced from a*/
/*512 x 512 spiricon file back into a 512 x 512 spiricon file.*/

#include (stdio.h>
#include <string.h>
#include (math.h>

#define inrow 64
#define incol 256

#define slice 8

#define outrow 64
#define outcol 512

FILE *ptrl ,*ptr2 ,*ptr3;

void main()

unsigned char filenane[2561 ,filename..in[256] ,filename-out [2561;
unsigned char array-in~inrowl [incoll ,array-out [outrow] [outcol];
unsigned long length-n=O ,length-out=O;
unsigned row,col ,countl;
char header[] ={'\x39' , 'x0j

length-in~inrow*incol;
len~gth-out=outrow*outcol;

printf("\n\nEnter directory path and filename of input file without
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extension: \n\n");
scanf("Ys" ,filenane);
sprintf (filename.,in, "%s .256" ,filename);
sprintf(filenameout ,"Ys.512",filenane);
printf("Opening input file %s \n",filenazne-in);
ptrl=fopen(filena-me in,"rb");
printf ("Opening output file %s \n\n",filename-out);
ptr2=fopen(filename out,"wb");
fwrite(header,1,2,ptr2);
for(countl=0 ;countl<slice;countl++)

printf("reading slice #%u \n\n",countl+1);
if(countl>1 && countl<6)

fread(arrayjin,1,length-in,ptrl);

for (row= ; row<outrow; row++)

for(col=0;col<outcol ;col++)

if(countl>1 && countl<6)

if(col>127 && col(384)
array-out [row] [coil =array-in [row] [col-1283;

else
array-out [row] [col =0;

else
array-out [row] [coil =0;

printf("Writing slice #%u \n\n",countl+1);
fwrite(array-out,1,length-out,ptr2);

I
printf("Opening input file c:\\spir\\spir.fig \n",filenane);
ptr3=fopen("c:\\spir\\spir.fig" ,"rb");
fread(array~out, 1,906,ptr3);
fwrite(array-out,1,906,ptr2);
fclose(ptrl);
fclose(ptr2);
fclose(ptr3);
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