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'EM 20 CQ 'TL 1JED 

■ Five independfntly written pap rs fo l 1,.CL) a bnef i ntroduction in this 
report . Thes pap r pr<'J"lJi,d an ov l"Vi bJ of ystem objecti.'IJ and 
techniqu s, fot to d by mar detail d :tpla:nation of actual receiver 
op ration. Pinatiy:. a discussion of the 21elevanc of th obit Acoustic 

Comunication stu4;y (MACS) pesuits available to date i11 ino~ud d. ~ 



ABSTRACT. 

• The M7 d rwater acou tic co d V loped by 

the Acoustic Co unication Studie Project of the Univ rsity of Mi i as 

<!cscribed. This syst i s design d to r due the tran 

received bit nd to reduce the vuln rability of the tr n tting platfom 

to detection by ho tile r c iv rs. Thr t echniqu 

t hese obj ctiv a: a freely randomizable pe udo- noi tr n mission fo t, 

t rue tched filter r c ption, and coher nt i nte r tion . 

• Five indep ndently wri t t n P•P•·"• follow a brief introduction 

in this report. These paper provide no rview of ey t obj ctiv, s 

and t echniqu s , follo d by r d tailed xplanat ion of actual r cciv r 

operation. Finally ,a diacu sion of t he rel vance of the Mobile Acou tic 

Co uni cation Study (MACS) reaulta available to <lat 19 includ' d. 
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FOR 

a Th · Univ ratty of Mini Acoustic C icatio Studt proj ct 

ha be n · te in t d without the aea evaluation reco ded by both 0 

Gd NOSC. Con, qu ntly, thi• f 1 report 1• pre t d without y at 

aea performance data. Earlier exp riMntal re. ulta an'1 recent •imulation 

data 1u ••t th• syat would rovide aipificant (~ 10d) performance 

advantagH relative to a c p ra l• incoh r t t al. •1•t , but a 

side-by-aide evaluation of th ayat propo1ttd fort 

1979 w••ld a1 • Th avy'a failure to evaluate th . M7 •1•t• aith r 

independent~y or 1n co ar 1.aon with the tonal ayatn ha, 1, a 

diuppoi~t•nt to th author. 

a Five papers ha • be. n bo d toget er for thia r•port. 

first giv-.a a brief overview of the ayat g la, tachn1qu•• 

capa ilitiea. Th • co providea • detailed deacrip.tlon of t ■ignal 

format and racdver o,-ratio • In t . third piper. the re, t• of an 

xt na~ve aim lation of recd: •r oper und r naliatic operat.1 

conditio b prHentad. forth ,-par, t 

for tation of the ayat• are ecrib41d. Pinally, t • fifth 

• tiM raault• o tain by th• il• 

Acouatic C tc ti i•• 'MAC) proja ir reln • to 

lar1 tiM anavidth product eyat .. 7. 
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The M7 Co 

a The M7 co nication sy tem is the s V' nth exp r1 · ntal under­

water acoustic communication ystem deve loped at the Univcr ities of Mi i 

and Mi.chigan during the interval 1967-1979. It is distinctly differ nt 

currently in or proposed .. 

The two mnjor con id rations in its design w re the mininumiz tion of trans­

mitt d en rgy per info ti.on bit and th r duction of the vulnerability of 

the tran mitting platform. to hostile detection. With ppropriate choice of 

para t ers th syste c n be configur d for eith r tactical or str tegic 

pplications, th e.x ple pr ent d below is on the borderline betw n 

the e two app:a.ication • The M7 syst h tion t 

ca since June 1978, n opport ity perfo the evalua,t1cn is still b in 

ought. 

■ The f 1.md ntal techniq d on ct ical 

si nal d tection th ory for a si nal known x ctly in dd d whit G u aian 

noise. Under such conditions• the opti (likelihood) r c iver is a f:tlt r 

match d :.o the r ceiv d d al follow d by a thr hold d t ctor. Sine I• 
practi ::al acoustic ch el do not yield a r apons kn . a priori• th 

M7 syste• perfo 

the info tion proc ing. Althou th ti tails ot the signal proc s ing 

ter valu are differ nt, the operatio of th syst is analo ous 

to the "RAKE" HF d m d acribfd by Pric and. Gr n in 1958. 

• In ord r for th bov t chnique to b applicable, the acouatic 

ch n l mu.at b 11 ar and 

Fot' fixed sit ch 

b n tablished fo:t 

t ov r the chan 1 uur lilent ti • 

t r fr qu nci • b low 500 Hz, thi1 r ult hQ 

nt ti a of th ord r of minut • Expedment 

with tow d ourc conduct d off El uth Y (400 Hz, 1974) da (313 Hz, 

1976) indicated a minute would b eatis-



L 

factory. As t he s yst m c nter fr qu ncy 1 

expected to incr e f urth r . 

er ed, th ti can be 

• To reduce the d tect ility of th t r tt d si.gn 1 by host11 

receiv r • a pseudo-no! tr ion fo t w 

det ction by narrow b nd spectr l nal ysi futile , par ticularly . n the 

r ceived sign 1 lev l i low (b low O , , which i 

operating condition. For the ho til d t ctor th probl beco on of 

detecting noi e-like signals in th fluctuatin of the oc .an. 

• Th p udo- noise tr n mi ion fo t i 1 o an excell n t one 

for purely CODI' !cation purpo s , th i n 1 is uniformly diet ribut d 

over the av ilabl b ndwidth . Equival ntly , the ps u .o-noia format 

be con ider d to off r a very large d gree of f requ ncy diversity . 

■ Thr e b ic f tur s are incorporat d ~to th M7 syat m: 

fr l y r ndomiz ble choic of ps.eudo-noia wave f orm. tru tcb d filter 

proc ing , and co r nt int gration.. 0th r includ d f urea such th 

synchroniz Uon/Doppl r r v l algorith d the provision for m-ary 

biorthogonai sign pap r ,. 

• Th tr itt d waveform in the M7 syet ia bu d on • bi ry 

sequence known to both the tr llitt r d int ded -r c i var. Thie 

qu nee t h th at ti tical prop rti • (p&!' ticularly biu and 

auto corr lation prop rti s) of a ran oa bit atr aa and coul be con-

ni ntly be provid d by -,pro d cryptologic n rator changed 

on a cod -of-th -d~ but.a. Th s quenc n d not obey 

mathematical l•t uch th 11 ear maxi l • ,qUJ loy d 

in sci ntif ic ch_,.n 1 urement progr r , 

th trana iH on is aff cted by th. p&rticul .r ... • being • t. 1th 



this fr ly r ndomiz tisfies th ''ceyptolo 1c 

postulate" in that an interceptor equipp d with th a 

equip the int nd d receiv r ha no detection adv unl she 

know th pr scribed bit stre . 

■ The second f ature of th M7 yat is its ur nt of 

the cl,annel i pulse r pon e with •ch translD.iesion. 'lbia me.our nt 

e the tr nsmiasi inclu a a known c on nt, called 

the probe, which also i .s used for ti and frequ ncy synchro izatioa. 

The chann l i ul er pone is extr ct d fr the r c iv d ai 1 

through a corr lation and filterin algarithm. Then filters fot: each of 

the info tion-be rin ols are con tructed through t e us d 

line Tity of th channel ct the knowl ·dge of the •Ylibol alphuet. 

Bee use both prdbe d 1nfol'1D&tion co on nt• pas thro h the ch l 

at th s ti , the xact inst t for aapling the ayabol filter out-

put.a is known d no "soft decodtn" algorithm 

■ Th sb.,'lrp contrast in pproach • to ch 

db ppli d. 

1 variationa b tw n 

the M7 yste d conventional in.coher nt tonal ayat t be not d. 

A typical tonal syst r p-res nta a c romiae in. d si r-t•r• to 

atati•tical • and loc tiona. 

a have b ma to facilitate thi• cOllliprOlli•. 

'!be M7 ys t , thro it• on-th - pot ch 'el uur nt, deli • it• 

~ ceivin filt.er for exactly the chan l at h -d, 

■ Finally• the M7 aya t 

synchro bation1 ch el 

allow& useful op r tion at si 

ea cob nt int arati for 

d inforution proc Hi g. Thi• 

1 to oia ratios 11 below 0 



a To provid a t ngible ex, l of the M7 syst , consider th 

most r c nt v r ion, M7BXl. 1b tr s ion for thi ver ion occupie 

a 51.2 Hz (at 4 point ) bandwidth c nt r d on 204.8 Hz, o that ch 

bur t h a time-bandwi dth p.rcduct of 4096. Sixty info tion bits are 

cont ind in bur t, yi ldi a bit r t of .75 bit•/• c. Silllulation 

result b d o a uur d 350 ch n 1 d worst c (21.5 kt) 

Dopplu co dition. show t ~yet dos not ss any bursts (out of 512) 

at -10 dB signal to noi r tio. The proba ility of a •Y ol rror t 

thi sign l to noi ratio is .0078, which is equi\•al t to a bit pro-

bability of rror of .OJ16. At 

-7 dB. th prob ility of a 

input signal to noi ratio of 

ol rror fall to .000173, which 1a 

quiv l nt to a. bit probability of rror of .000029. Rote that th ae 

rror prob ilit1 ar obtain d at th r c iv r fil r output and .have 

~ be n nhanc .d thro gh rror corr .ctin cod a .. n co pa.r d with 

th or tical val for a co tit1ve incoh r nt tonal system, tit• 

H7 ayst 

ntation of the M7 syat 

th 7 do a plac iffer tr qui 

p cifically int ru of calcul tlon 1 sp d 

nta 

ia an 

the 

Nev rtb 1 a satidactory har ar i .a curr ntly available b d on a 

litary-qu. lifi d ver .i d 

built to be in c liance with Ut ry at dar a. Thia bar are occ p:t 

3.52 cubic fe t (4 AT.R 1nclud1 space for intexf c el ctronica. 

Th cost pr unit (bued on a 4 unit pur ) 11 $313,000 with livery 

w1thi.n 6 mo th • Th co ti do not include that for th inter£ ce 

circuitry hi 1 pplic tion d p_ n nt. With this hardware e H71X3 
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in a single c 

certainty 

l 110de or a low-Dopler strategic Syat could be 

op r tecl n ei ht c 1 •• 

l. R. Price and P. I. Cr , "A Coauni tion Tee ique for Multi-
path Ch nnela," Proceedin • of th IRE, March 195. 

2. C, V. lt:lllball, "Aco at:le Co icat:l tudiH ," journal I 
1urch, S.rie• B: Tactical Varfart, uaer 1975 •• 

3. c. v. U. all, latter to Dr. A. o. yku, Offic ef 
(Code 222), dat d 19 F b uary 1979 -

4. c. v. U.ball, l•ttar t'o Dr tel M. Viccl • laval U • 1ter 
yat ... C ter, If Londo Laboratory (Cod• TC), dated 13 March 1979 
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ThrH minor c anaH re 1Ude 1D t y ar dnc• t • ori&inal 

report w• wr,1tt • 

J'int, a ludt, z ILIM, o t u itud• of fin --arain 

frequ ncy ehift perforlNd lay ZSHIFT · 1 incorporat , Thi• pr• nu 

the ZSHUT algoritha fro• r• ically IIOClifyina the •1 n-1 frequency 

wh nth •i&n&l to noise ratio 1• too lov for a correct f1 -arai 

frequency nt. 

Secon •th•• arch alaorit ha• been ,applied after the ZSBIFT 

in the in!tial dellOdulaUon. Thie p,oat-7.SHIPT •arch iaprov • t 

frequ cy aynchronilatio n the ltial d ula ion lead• to 

better initial ayabol decilio • 

Third, t e elature for he atati•tical utp t variable• 

hH be · n laproved. Ap~tx A 11v • trantlatj ta lu •ttfe . version•. 

Th• n v aclatun for ao o tp t Yaria le JD tells which ,at•t 11 ha 

variable IX wu co...,uted : 

0 

1 

2 

3 

·Prilllaey earch 

,rcb 

tftrap ~liloctulat on 

it c o .. ot apply to in t adabl ... 1., •• R2cur 1• 

uNd all pplicati • of the ZSBiff alaodt.._., ot co the pd11119 

aurch. 



1. Introduction. 

■ The objectiv of this p per is to provide a ~aide for the 

., :,t: a r -t•etation of r sult fro the M7 r ceiv t' • so that its c p bilf.ti s 

cnn und!rstood prior to n xperi nt at 

toe 1lain th th or tical 

• Although o att pt is 

rin consid t tions b hind th 

fficient baekground to und r tand th variou pr 

provided. After a quick ov rvi of yat op t'atf.on, a detailed d acription 

of the tr n ission fo t 1e giv n. Thia is follow d by a description of 

the outputs corr sponding to both "ynchronization and info Uon proc 1sin 

st.a s of the r ceive r.. 

r:1_E ion . , 

■ 'fh op~t:ation of th M7 co unicatio-n ayst is baa d on a 

rando bi.t stre k own only to the tran itt r nd r ceiv r. Such a bit 

str , alon w th id nt i fying lab la, is ref rr d te a KFILE, wh\.-

the" ". Sp cific DILES ar enerated by Ulldera Ung 

a laboratory th al noise source. Sine no communication i• po ailtle if 

the tr : itte1; nd r ceiv r r uain diff r nt KFIL , reat care ia taken 

to avoid i --.. i age I 

- Th M7 tr n mitter neratea t M7 cOlllllunication signal, aa 

well as a n b r of cla deal channel ileHur · , t ai ala •uch •• CW, 

coher nt pule and p riodic ps u o-tandoa • qu c •• In th H7 110cle; the 

KFILE and recefv ·r par · ter cl by the operator. Errors in the 

KFILE orb tw en ~he IL paraeter1 and thoae specified by the operator 

are utom tic.ally indicated. rI'he operato,: aho enten the•••• e in dther 

1 or radix 40 (A•Z, 0-9, ?/•-)notation• ataru the tra 

Tran issions can be nt eith r on at• t or periodically at a ecified 

l 



d lay. Provision for a continuous carrier (CW) ile in thia od 18 

av Uable, with th carri r to burat rgy ratio Juat 1 fr01111 to 0 

{during the burst). 

■ The M7 r ceiv r 1• a flexible •Y•t ford tectina d 

proceaain t e tr i don. th details of ich ar beyond th cope 

of this note. ecauae a particular version of the M7 ayat r quir a the 

pec1£ication of 'J.7 pr.- t n. a aet of par etera d an id ntifying 

label for a particular v :do of th ay:ft are place in • fi~ • call d 

th RFIL (R for "receiver") for ue n raquire.d. .Qp ration of the 

r c iver requir th prea ca of prec mputed vectora on ot r 'file. 

Th se v ctora ar calculat fr t par ters a d t • •pec1Uc UILE 

in u e; th file t t c nt,ina th 1• called the V11 . (V for ''vactorff). 

n the r ce1ver 1• ttart d. the correapond nc th• par&J1etera 

of th IL aod t • VFIL 1• verified. Th 1ntarre.la ion of th varioua 

that gen rate th 1a • own in Pi ur, 1. 

■ Many output• are available dur1n1 th operation of th receiv r. 

If the input 1- fr analog aource. an indutry-coapatibl (1 ) ttP• 

c n be written, contai ing all t e proc ■Hd input ••Pl•. Approx tely 

24 hour• c@ be placed on on t.JP • which can th • r pr.oceHed by 

2 

th rac ivn -1th different par t ra (i.e. a different U'IL!). A conv ntional 

t 1 printer all • op rat~r ·eontrol and provide, a finale lin co tainin th 

t a infopaation cont nt (in both 

each bur1t r c . ive,;l. A 1 printer rov1d•• aqre d ta 1 d inloraation in 

••veral forn. lint. a ,1n1l• 11 i• typ. d for ach bunt,aivina 10 iffer nt 
I . 

•••ur,aentl on that burat, inc1,Qdin& tille. ecw • at th• end of .. eh pa e, 

(typ1cdly 1/2 ur/p ) a atatiat1cal 1U1111Ury <• a •t dard viation} 
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Figure 1: M 7 B COMPUTER PROGRAMS ■ 

"rJ (This f i gure .... 
~ • .... .. 

i 1~_-
• n RSET I. ' 

KFILE 
KSETI ,1 ·--t VSET 

·• .. -· ·=-1 SSET 

I •DAC 

. ,, 

SFILE-... 
CAO 
TAPE 
OSK 

I 

I 
I 
I 
J 
I 
I 

t 
I .. 
I 

CAD I 
TAPEI 

-- -'OSK I 
I 
I 
I 

ANALOG J ---------

.-.,-



for 50 v riablea av rag d ov r that pag ia printed alon with then r 

of bur t and char cters r c iv d durin th t pa • Fin l y, a co plete 

I ry of all the r sults plus error ta can be print d 1th r 

periodic lly (typic lly ev ry 4 hours in th 1 b) or at the op r tor's 

discretion. An X-Y oscilloscope di pl y provid th agnitude of ither 

the ch nn l impul e response or ch n 1 ap ct at th op rator•s choice. 

J .. ion Format. 

j. The M7 tran iusion is fo d by p H mod l ting a sinu oidal 

c rrier at 4 fr qu ncy fT* Thi• dul tion ia perform don 

of th carrier r f rr d to •digit. bch digit conaists of 

11 pi C 8 

int ger 

number of cycl s, Cl' of th c rri r nd bu a ti.11, durati.on •Tl>• Q/fT. 

4 

The bandwidth of a in le digit ha• a ain x/x •P ctr c nt re4 on th carrier 

fr qu ncy nd with a fir .. t ectral,: ro at fT/ ~ on either sid"' . quiva­

lently ,° th• 4dB ba Yid th of th dilit • ,P ctrllll• Wi>• ta fT/ Q. ec e of 

the r ndom structur of the odulation of aucc • iv ditiitf. th p . r 

spect.r of the overall tran iaaion 1a {in exp ctation) that of an individ 1 

digit . 

• Ac plete trans i.Hion ia conatructed by phaae ::lodulatinJ N8 

eon ecut :Ve digiu ccoi-ding to t o bit •.tr••• {a1} and {b1} whic... re • d 

on both th KFIL in use and th particular Hag b ing a nt. Th derivation 

will be xplained in 1ubsequent par• rap•• Th total duration, 

T8• of th burat b 

(1) 

f 

I 



Taking th 4 dB digit ndvidth, WD• aa the ayst bandwidth yield th 

followtn reault for the tran iHion TW product: 

• lf 
B 

(3) 

(4) 

Thus, the tran is 1o TW product equals then b r of digits 1a th burst, 

N8• In current v r iou of the y t , N1 ia conatr,1n d to b • .pow of 2. 

ill N A-ary biortho onal s1111alU.ng :t• uaed tQ i . poae th .info tion 

on e eh burst. Althou h the n 

difficult to u.nderst • ar 

which can be tnnsmittd. ta• aive 

ouncl1 eat rte, the technique i• not 
I 

ter A ia the uaper of different bola 

yilllol poU tf.ort. F r e.xa 1 • in dialing 

• tel pho N1 • 10 •• 17 the int• •H o •• • t cen b ·ued. In 01:der to 

facilit t tha conwaraton t.e n bit attenua • •ya1)ola, BA ts r uired to 

be a po r of 2 1D. the''current ay 

each syabol, v ere 

1a ea 1\ bit• are c nta1nad in 

(S) 

s 

will -alw y be an integer. 'rhe • bola ar ld.o:rtho o l in ai al ap c in 

that for n7 two diff ,.. t • ola, either t • •,-Ole ar Ol'thoaonal to ach 

other or the aymbol• are the a ative of •ch other. The ru.aon fort ii choice 

is b yond th KOp of th• prea Gt pa r • 
. . I 

• Each burat of B digita ie divided into C • hol poaitioi , 

th t ta, th rear NG• ibola r bunt. To uintain h a i'laity t 

symbols in rror perforaa ce, then ber of diaits 1 · each of th 110 a)'llbol 

positions should be nearly co atant. eeau HG •Y t divide .. perfectly, 

th n ber of digits r.r ayabol position can•t always be u.de · ual fo a giv 



choice of N1 nd NG. In t he curr nt ayat. • th N8 d.igits are divided into 

NG-1 symbol po ition of NS digit ach, plu one slightly long r fin 1 

sym ol of HS(LAST) digits . Becau• of th structure of the curr nt syste, 

H5 u t al o be a ultipl !'f 16. Tht: equatio s for NS d NS(LAST) re t h n 

(6) 

(7) 

wh re I N'f[x] 1 th ••1nt .r p rt of x" f ction. i.e . INT [8/3} • 2 .. 

If NG happ n to be a pow r of z. t Bs • S(LA T) and t he bol po .i t1 n 

have th , • num r of digits . In practic l c I considered to d t , N5 

and NS(LA T) differ only slightly (i.e . 5%) • 

• A indicat abov, th p ae ■odulatio of th NB di i t s i 

baaed on two bit atreae {a (i)} and {h (i)}. Both atr a re dc: .:iv d from 

t rando• bit atre•, {k(i)} contain din th KFILE. Th r do bit str 

{ k ( t)} ust contain 1 • (l + (NJi> bit a. Th : at:re {a (i) } ta c.all. d th 

pr be bit etr d is ai ply the firs t R! bita f r (k(i)}: 

a(i) • k(i) (8) 

wh re ch k(l) 1- 1th r z ro or one $ 

• Th ••cond bit 1tre , {b(1) }, is c:all d t h inform tion tr m 

di d riv d fr in tted • ell th bit 

str {k(i)}. Let {I(k)} b th. inforution b ta to be tran111itt d wh r 

I(k) ia -eitb r ro or on • Th• • qua e {I(k)} b.. G•·l\ bit valu a as 

t h r ar NG ayabol podtio:na capabl o.f co ~ ying N.i, bita acb. Fr {I (k)} 

qu c • can ba deri eful in ubs qu nt ork: 

6 
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NL-2 (N -2)-r 
SYM(t) • t 2 L 

r • 0 

SYM (R.) is s ply the usual inte r r pr 

of the R.-th fiymbol position. For x le, 

l,O,l,l,0,0,1,0, th n {SYM(1)} • 5, 1 .. 

t-th bol position .. In th pnceeding 

I (NL•.t + r), 

1 • O •• •'.NG-1 {9} 

t • O ••• H -1 (10) 
G 

ntation of the first ~ -1 1d.t• 

if NL • 4, MG • 2 and {I(k)} • 

G (t) is t 9t.th bit in t_ 

lea { GNU)} • 1,0. 

■ The info Uon trum {h(i)} 11&1' be del'i ed bued n SYM(I) 
,I 

-
and SYMSG (I.) • Define t. aa foll 

(11) 

oth rviae (12) 
.,, 

Thus, !(i) is the iadex of the eyabol podtion to which the i-th digit b 1.M.ga . 

The conditicm in quationa 11 cl 12 ie ae.c Hary b cause NS(LAST)?Ms• wluch 
... 

could yield i.(i)>Nc-1 if it were not Hd, e info tion aequ n {b(i)} 

can then be written: 

[<»./2) i<t> + S?H(i:(1)1 + ii ) 
i • o.: .• -1 (13) 

Wh r (t) indicat a ule 2 .41ddit1on. 

- Eq Uo ll can be•t he •ratoocl in. conj ction with Figure 2. 

The fir t NB bit• of {k,(i)} ar us a to f . t::h• probe atr•• •rkall ' 

foru fort fir•t 

7 

ymbol po iti 11 a• r ·reaent d by 
... 

the r ct lee mark d O throu h 7 in the left col of the table.. For !(i) • 0, 
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l 
r 

the i:1 rst ymbol position. Equ Uon 13 bee • : 

b(i) • SYMSGN(O) (Bk {N
1 

+ N
5

• SYM(O) + 1) , (14) 

i • O ••• N5
- l 

That is, b(i) i s taken fro the bol speciff ~ by SYM(O); t hen invert ed 

or not inverted ccording to SYMSGN(u1. In the ple, SYM(O) • 39 

SYMSGN(O) • 1, thus the first NS bits a re the c pl nt of tihoH. in t h 

rect ngle rked J. This is indi cat cl hy -3 placed ta the first ayabol 
.. 

posit ion . Other bol po i tion are filled by aoving N5 •NJ 2
•t(i) bit• 

along the {k(i)} stre and p rforain1 the a proc ss. 

• of tll£- nn.i •tnu:ture of {k(i)} there i a 

no r lation between t he probe and any· of t he rect lea · rk d 0: •• 95 nor 

betw en t he rect ngl a . Thia 1• a key point in the d n ial of aignal 

proce11in 1ain to an interc ptol' who doea ot have {k(i)} vailable. 

• Giv n ,t_he probe and inforution bit etre • {a(1)} and {b(1)} 

of length N8 , .the t ran iHion c ba eaaily conatructed. Fint, ho v k 
t hes Ut s tre must be converted to bipol&r fora, that 1• ha• al • 

of either plus one or aiuua one . Let 
... 
a(i) • 2a(i)-l 

b(i) • 2b(i)-l i • o ••• 1,-1 

(15) 

(16) 

Furth r, de f in p(t) to be a rectan ular t,a .. ban.d pulae of duration • ua1 

to t he dig i .t duration, TD. 'that is 

p(t) • l 

- 0 otherwise 

• 

(17) 

(l&) 

9 

I 



Th n the M7 tran itter output, m(t), i • giv n by 

.-1 
I 

m(t) - I p(t-1 r 0) 'Ci) co 2•fr t - b(i) in 2• frt 1 (19) 
i. o r s 

... .. 
Since a(i) nd b(1) ar bipolar, th 1-th tranaaitt d digit con iats of 

.. 
a co in co pon nt , whose aign 1 s t by the prob tre•, a(i), plus 

... 
in c pon nt , who e sign is I t by th infomation atr • b(i). 

Figure 3 depicts t h a e co pon nt• • with t h r e•ult t v ctors lab 11 d 
~ ... 

(a(i) • b (1)). Note that b caus of th • try of t h modulat ion and 
.. ... 

th r ndomn a und rlyin {a{i)}, {b(i) }, th aver of the trans a ion 

over t e burst will be zero. this ana that th • ctr of t he burat 

will h ve no di cer nibl carrier. 

sine phase 

colin phaae 

ulation alt 

10 



■ Altbou h the ab.eoce of • carrier line in the tran 11daaion 

~pectrum 1s eas ntial for a pr~tical 1yat , it pre9ent• the concurrent 

processing of the signal by traditional (CW) t ode. SI.nee :valuatioa 

of the ayat 

xi ting tran 

uat be don in cooperation with other (CW) atudiea, t: 

itt r has been deeia d to inject a •P cified amount of 
I 

carrier if n c H ey. Thia allova t tran 1Hion to b proc aa d both 

and traditional CW 11 thods with t ppr ctably reducing 

eitber's p rfor nee . With thi• modification. Equation 19- b c t: I 
If, .• , 

m(t) • t p(t-iTD) {a(i) co• 2wf.rt - b{i) dn 2,rf,t} + XCI coa 2wfTt 

i • 0 (20) 

wher KCI is the card r injection coefficie t. If "cI • 2, th • u.al 

unts of si nal energy are contaiaed 1n the 1>ur1t and in tbe carl'i r 

while th burst is on. 

11 



4 . 1ulta ■ 

4 . G n ral Operation • 

■ An overvi of t he M7 rec iv.er operation 1a pr sent d in thia 

section to nable the r e r to und r•tand the ny r ulta produc . on-line 

12 

and in r al tim by the r c iver. 0p· ration of t b con id r d 

in t ms of o indep nd nt procetau : .s ynchronization d odul tion. 

Synchron1%at1oa ia th proc a by bich th pr • nc or bs nee of n M7 

signal is d temin d; if the aignal 1• pr • nt preUaina'Q' 1ti t of 

its ti nd frequ ncy location is provid d. 1f a signal ia pr • nt • th 

d odulation proc. H is initiated• icb r mv • :y reddual Doppler fro 

th signal and • th n cesaary sya old ciaion• . 

■ During opera io • t • r ceiv r print• r •ult• o both th tele­

printer nd li • pdnter; producing 1 • eU1111&ri • • p 1• sumari • a d 

block • ._.uiea • •• 11 •• a printout of the •·••••· Th block a r y 

1• a lingle 8- 1/2 x 11 • t U111&riz1 1 all r 1ulta ove r a • 1 c:te.d period 

of time , typically • v ral hours . Although th block ry baa th mo t 

d • l y p c d r 1ulta, it is t • beat on on which to 1 arn to int rpret 

th syat output, . Cons quently. the di•cu11ion of line aU11D&riea, p ge 

auaariea a aHage pri tout• 111 be deferr U.1 later. 

■ Figure 4 depict• a typical block • ry , alo with hand otation 

of relevant outputs. · Th t op-110,at drcl U.n 1 ntifiH t r cei r 

dat e d the tiae interval ov r ich th datf i• •--•rized. The quantities 

in paranthaau iv• the duration of th• interval 1n OUlUMI foraat . 

ing t r ecd r • the co ute.r proara date ahould b v rifi cl to b that 

oft . lateat reviaton. Th t • 

wh re DAY 1a th day of the y &1'. 

indiated in t fo t Y :HOUR :MIN• 



11111 The second block fr the top id ntiUes the particulu ve sion 

of the receiver in use, as specified by the cont · nta of the UILE. All of 

the parameter as ociated with the v raion ar printed. 

NA, NB, NG, NL. NQ~ S and NSL • NS(LAST} w r d'efin d in 

ecti n, th r ining pu t rs will be defin d lat 1:. 

ten 

ii The third block from th top define th VFIU: in ua • ecause 

of an interlock. the par this VFILE nee sadly corr apond to 

. tho of th RFILE. The first 4 lin in thia hlock are the V ILE id tttUi• 

cation, which is id ntic:al to the KFILE id ntificatio • Th quantity HK 

13 

is the deci tion f•c.tor ua d in g nerating the Hqu e {k(i)} in th ILi, 

the qu ntitie NIV, OV are p r · tere dealin with th construction of the 

V ILE and will be deacrib d 1 t r. 

■ Th four th block from the top deacrib • th data bein ap lied 

to the receiver. If th input 1• analog, the data b ad r is ntel' d by 

the op Tator. if th input ie from ta e, the d.ata h ader is talt frQil the 

t p • The data h d r contain• the tartin tble of the data th• r ceiv r 

cent r fr qu ncy, flt nd NQ. While the value of NQ plac d in th data h ader 

by th op r tor ust a ree with that of the ILE, the c nt..-c freq ency ean 

be adjusted to • t particular op ratio conditions. Also includ d in th 

data h a.der is the fr qu ncy of th ••pU.n clock, hich 1• al y1 equal to 

■ Finally, in th low r rl&bt hand corn r 1• a block 1 b l d V( X) 

with two numl>era b low it. Tbis r pr nte th · av r • in ut level in dB 

relativ to one volt, as euured at periodic int rvals. Trua quaatity X 1• 

the n her of auch 11 aaur nu taken, the, first n er b ·iow it t. the 

value, the• cond belo it i the atancfard deviatio. Th ae&Ltureaent V 
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is taken indep dently of wheth r signal OT noiae ts pr aent and 11 n e 

may contdn portions of both 8i al a d noiee. The priury purpose of 
computing NDBV is to assur that the input of the A/D conv rter is nJ t 

overloaded. which occurs roughly at RI) V • + 3 BV. 

■ The objec.tive of the synchronization procedure is to determine 

the pr aenc of abs nee of th M7 •ignal; if it i• pi-.. ent • a preli■lnary 

esti ate of its time and frequency location uat be p·roduced. .Each input 

complex s ple x(i) is assigne.d an index numb r and rotat d t.hrou h ~ di•k 

buffer file called the ll ILi (B for 'buffe:r'). Th primary synchronhat:lo 

search is perfont a on succ Hive N -lon vectors ¾(1) aeparat d by 1
1 

co pl x sa les. 

(21) 

If NE <N1 , •• is usually the ca•e, the vectors x0(i) overlap. Whe the 

primary search indicates a signal: uy 1>e preeent ia 10 (1), a secondary 

arch is initiated to better re olve the ti d fr quency locati,on of 

th signal. If th results of the .-cond•ry search confirm that a aignal 

is pr ant, the d modulation proc dur d 1cribed in the next aectio i• 

initiated; if the eecondary aearch faila, the reeeiv r continues with a 

pr ary aearch of i
0 

(1 + l) • Fi ure S 1a helpful .in visualizing the 

synchro iz&tion proc • • 

15 

■ If the receiver nter• tlle inf'onmtion proceaain pTocedur l the 

data ts displaced by an adtlitional amount NEl to ake up !or t he lddiHonal 

time ap nt in information processing. 

Xo(i + l) • [x(i•Ng + ~ +Nil) ••• x(i•N1 + •1 + B l + w, - l)J 

(Poat DaodulaUon) (22) 
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Thi giv rise to a p riod of r ceiv r blanking of duration NE + lfEl after 
very entry {false ala too!) into the information procedure . dons quently • 
ssages that are s nt too close to th r or vhich follow a false al rm: may 

be is ed.. Curr nt value,s of NE d REI are ufficient to assur that aignab 
sent at a 50% or less duty factor will not be is d because of receiver bl nking 
unless a false alarm occur. 

4.2 Synchroniz tion. 

- All the details of the pr ey s rch will not be pr s nt 4 h re, 
how v r, e ning of the p r tera r lated to it will he given.. The objectiv 
of th primary search is. to d termine wh ther signal is pr sent within the 
vector of input s plea• x

0 (1), pr ntecl to it. cau e the tignal uy 
st rt or nd at ny point. in the vector d aay be locat d •t a substantial 
Doppler offs t fr the r eeiver cente.r fr qu ncy, f , the prillary ynchroniza­
tion task ia fo idable. The aearch 1a performed ov r • v ral Doppler offaeta 
and effecUv ly all po•sible time offaeta J to obtain the priaal'Y II arch 
output, t~, and the eeti •ted time and fr qu ncy locatio a of the eignal 
TSf and FS. 

- The structure of the frequ ncy • • ch is orth noting. For con­
vent nee, frequency offaeta ar coneider d in terms of line apacinga of the 

Fouri r transfo of the N8 output point• rath r th in Hertz. Thia makes 
interpr tation of the frequ ncy offs ta indep ndent of frequ ncy d ayat 
Q. NQ .. The apac.:f.n1 b tw n spectral lines in Hertz ia the reciprocal of 
th N8- long block duration. 

flt 
DFLIN •­

NQ B (23) 



A. f requen~y 1hift of DfHz r tz 1a then equal to t h following offs t 

in t rm of •P tral lin a: 

DFHz 
DF • DFLIN (24) 

Unl s xplicitly labelled •• being in B rtz , the output r ulta of 

the r ec iver ar in terma of spectral lin apacings as indicat d by 

Equ t1on 22 above. cau of t atructure of aubrouti s i .nt rnal 

to th r ceiver, th ai n of all f requ ncy offset• ia invert d fro 

th usu 1 no.tlon. That i■ , a signal r eceived at DF • +10 actually 

is b low the r ceiver fr qu ncy fR • not above it. 

- For • 11 11110unt1 of Doppler , Doppler on a wide n aignal 

can be consider • a freq ncy shift. The Doppler •••rch can th n 

be conduct by aiaply offaetU.na the tranafom of th input by an 

int ger n bar of apectral lin••• k. In order to increase the d t cta­

bility of the signal , bowevei-, a fin r grain • arch m.ay be call for. 

Th aearch algorit . in the re eiver provid. a for thia t,y permittin H.r+ 
search a within a 11v n line width. 

s arch pb ce 1• 

I D 

, th r solution in Hertz of the 

(25) 

L t th total width of t • arch be Bw •P ctral li • (_ / 2 lin •> or · 

f 
c11z> • T . 5w (2_6 ) 

Thus for mall nta of Doppler , 1\, apecifi I t e Doppler r ge b ing 

s arch d • her H T♦ indicate• th •P in& of th• sea.rcb. 

- For non-trivial aount• of Doppler c-t 8 apectr•l lines) • th 

time dilation effect.a of Doppl r t b t ak n uto ccount or 

18 
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dr matically reduc d p rfo ce r sulu.. This 11 h led in th M7 

receiver by g neratin !\,-time dilat d wavefo a parated by 9w- ap ctral 

li n s . A · ·"' tif t· · }- • ctr 1 1 · ia p rf o d bout each 

w vefor , so that the Doppl r offset bet the input and th correlator 

lines. The fr qu ncy interval of 

width Nw, cent r d on a time dilated correlator waveform is called a 

time dilation bin. Thia yields a total search ra e of ~ spectral 

lines wh re 

{27) 

The total a arch ran in Heru is: 

(28} 

For conv nience, HD is constrained to be odd by the curr nt vert:lon 

of the receiv r. This a aur • that one of the correlator wav forms 

is un-dilat d (i.e . , at z ro Doppler). Figure 6 ia helpful in 

visualizing the para ters Kw• NT♦' a d !\{• 

a At each Doppler of faet • th reeeiv r calculates the croas­

conelation of the input v ctor f(1) with the tran•m.itted probe wav • 

form. Since the apectTIIDl of the probe w: vefont b rly white l>ec ttae 

of the rando H of the· {a1) atrea, t e croa corr la;tor output 

approximat the bl ulae r'e■ponae of the channel. Th correlator 

output is squar d to provide an ener y aur t, and th ·· n 1uaed 
j 

over NH♦ aa pl• starting at M.Ch poHible time offaet, i, O!i<R1 • 

Let y(i,k) be the (c 1 x) corr later output 1 0!_i<N1 at the kth 

Doppler offset.. Then. the aumaer output z(j .k) for a tiae off Ht j 

and Doppler offset k ts ·• ply: 
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i • j + (N89
-1) 

z(j, k) • I I y(i. k) f2 

1 - j 

(29) 

21 

where the ind x is calcul ted odulo NB. B ca,J 

function (in xpectation) of th tran itted probe 

of the excell nt iguity 

veform, z(ji k) can be 

xpect d to re ch a xill wh n k1' is the Doppl r offset cloa at to the 

received sign 1. Lik i&e z(j. k*) can b xpected tor ch a wh n 

the index j* p cifies th start of the. oat n r etic • p nt of the 

ch nn 1 i ulae respons • The output of the prim ry ynchronization procedure 

(30) 

i • 0 

1 
Her the factor /NH♦ th d n 1nator a rv to norul:lz the output 

gainat chan in input level. If tbe chan el is id al and no noiH_._ is 

pre nt, .2.
0 

takes on the value N1/NH♦• Let j*., k* represent the time and 

Doppler indices for which the ux:l.mua ie attain d. 

II Th final step of the priury 1ynchronbation t. t.o compar 10 

with a prescribed tbreabold, RS♦• If t.0 i•• below the th'resholcl, a 

ltsignal not pr ntu d.ecis.ion is made a d. the •earcb. ii initiated overi a 

later data vector. The synchronizatioa output. 10, is Hved .. the r•ault 

L9N. If 10 xc da the thre•bold, FTHRS♦• th 8 co dary eearch i• 

initiated. Furth rmore, the followin1 r aulta are aav ~ d: L♦ • 10• 

TS♦ • J*, and F~ • t•. The indic: • of the ma~iaull, j*, k* ,are 11ed 

to th aecondary aearch. 
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a At fir t gl ce, a second ry se rch do a not a nee s ry as 

an estimate of th t a frequ ncy location (j*, k*) are available at 

the conclu ion of th primary r ch. In fact, a condary rch is 

n ce ary for t wo reasons . ir t, th pr ry synchronization output, 10 ; 

could h ve b n obt ined as a r ult of a signal starting t itb r 10 + j* 

or at i 0 + j* - NB' where 10 is th ind x of t he firs t co. pl x 

the v ctor x0(k) proc aed int prl ry synchroniz tion. Thi 

le of 

biguity 

of NB compl x point uat c rtainly be r olv d. S cond, b tt r over 11 

performanc can b chi ved if the arch is repe ted with the input vector 

more closely aligned with t he input signal nd with a fin r resolution in 

t he frequ ncy s arch . 

• The aecondary .a:ynchronb tion aearch involve.a the a calculat ion · 

perform d in th pri ry • arch. but acts o dif f r . nt vector• and with a 

dif f rent Doppl .e r a arch rang • Tvo input v ctors r I arch d, on b ginning 

ah ad of i 0 (1), x;o.) and one b hind x
0

(1) • i/ (1). 

fi'(i) • { :r. (i•NE + j* -N8
), ••• , x (i•NE + j• -1) ] (31) 

x; (1) • [ x (i•NE + j*), ••• • x(i• I + j* + NB •l) ] (32) 

In ord r t~ save c putation tim • th a r ch is limit d to a r ng of ±DFl 

spectr 1 line c nter don the estimat .Dopplet' offset k* . To provide bett r 

fr qu ncy r solution, th 11 b r of int rlin • ·arch • ia ta n 

of HT; aa in th primary• arch. Thia yield two condary aynchroniz tion 

- + 
output .t1 , corr spondin to the old r data and l'l' corr spond.1n to the ore 

r cent data. With ch of th se output, are e t at • of 

*- ~ it+ *-fr qu ncy locations of the si nal, l 1, J1 , k1, k
1

• 

• Th econd ry synch.roni!'ation o tputs it, 11 • re co , ar d gainst 

th co dary thr ahold , ffiRSl. If t?oth o tputs 4r b low FTHRSl, th n the 

statistic Lllf i updat d by ach valu • If on of th valu exce ds FTHRSl , 
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± 
say t 1 • t hen info tion procedure is i ni ti ted ,. and a "signal pres nt '' indi -

cation is made. 
± .± 

The following s t a tistics r set: L1 • tp TSl • j
1

, 

*+ Sl , = k1 -.. The instance wh re both outputs xc.eed th thr shold ie 

xtrcm l y unlikel y . The current pro r procesaea the arl:i s t H •1't 

and t hen kips over the cond . 

a To facilit 1.t e evaluation of the synchronization p rfonu.nce , 

bur. t are usually t r ·n cdt ted a t a specified duty cycle o t .bat the n , er 

of complex s pl betwe n uccessive bur ta is known . The r c 1ver calculate 

th difference in c plex s plea betw n detect.ion and d ai nat ea it a 

t he result DT For bursts sent at a 50% duty cycle d z ro Doppler I 

the differe~ce DT .!thoul6 . be si ply 2 1 • If DT is found to be 4Ba, a bunt ' 

has be n is ed nd ynchronizat ion p ·rfo ce can be cord ppropr~ately . 

■ Figure 7 depicta t he s bl ock ary sh t in Fi ure 4, 

but with parameters nd r esults pertainin to synchronization annotated. In the 

RFI LE hP der, the par rs related to synchroniuUon are underlin ~- The 

fi rst n i rcled line give then bet of bur ts det r ted, that is the n b r 

of t imes, NBURST' the information proc dure waa initiated. Also giv n are 

t he total number of 

in these bur ts. The variables labelled 'L♦ , Ll are th primary and a condary 

synchronization output: giv n that th t hr hold• were exc eded, Then ibers 

directly below the labels ar the means , the n hers belo 
I 

the means ar the 

standard deviations . The time and fr uency eattmat.es for the pritaa nd 

s condary searches (TS♦, TSl • FSf, FSl) are also given. Finally, 

L$N(NN) nd LlN( ) give the primary and• coodary eynchronica t ion out uta 

gi ven that the thresholds w r e not exceeded. Then ben tu par the•es 

indicate the number of points on ich the na and standard deviati 

are b ed . 
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4.3 D adulation. 

■ At the conclusion of the synchronization proce • the demodulation 

proce s is initiated if a "signal pre nt" decision was de. E ti tee of 

the ignal's tim and Doppler location are vailable wh n d dulation be-

ins. The de adulation proce con ists of 2 st p : an initial d dulation 

to det i.!rmine the symbols tt' nsmitt d ~ollowed by a bootstr pd dulation 

bas •d on a higher quality channel m a ur n t. Fi u re 8 providea a flow 

chart for the ov rall demodulation proce s. Note that each d odulation 

step c,onsists of 5 op r tion : frequ ncy h ifting, a e rch 1 further 

fr qu ncy shifting, ch n 1 impul r spona 

ci inn making. 

ur fit and a old -

4 .. 3.1 Initial demodul tion • 

1111 The fir t st p in either the initial or final d ulation is to 

shift the ignal to z ro frequency via the ZSHIFT algorith. Thia 

algorlth is pplied to the data six times throu bout the demodulation 

proc s • Th ZSHIFT 1 ol'it takes th time dilation ff •eta of 

Doppler into ccount. This is don by int rpolatin the data at a rte 

corr ponding to the Doppler offset found during synchronization . In 

the current progr • a sic.xix interpolation f ction 1a us d with N0-tn 
ordP-r int rpolation. B c ua the calculation of the r quisite dux/x 

function is t consu ing for the -H1 •N0 pointer quir d for th in er-

polation 1 the oinx/x function ia calculated fro tabular val •• In th 

curr nt proar • the tabl value• bav N1 points betw en zeros. Si ce 

the function is tric, only N0 •u112 pofats of sinx/x d h• om.-

put d, a con iderable savin s in t ime. Th use of tabular val a f or 

sinx/x r ults in a trivial incr aee in int rpol tio error . 
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■ Before continuing the description of the shift to zero ppler, 

note that the v riables NIV , NOV in t h VFILE header h v t1 ame role• 

s NI, N0 in the construction of the VFILE. Th y r e ua d to construct 

the ND t ime-d ilat d r epr aentationa of the probe component. as requir d 

by the synchronization procedure. Although • iv • N1 and Nov• N0 re equal 

in current versions . no interlock is nforced. Thus the quality of inter­

polation for the synchronization vectors can be differ ent fro tuJ in 

the de odulation process . 

- The shift to zero Doppler is not complete after the above 

ntioned intti?rpol tion, as so slight r idual pha hift aero.. t he 

input vector i ght remain. Since t he sign of filt r outputs is 1 ortant 

in det r i ning the• ol vnlu • • aucb a phase shift must be tlinimized . 

This is ac~o plished by partitioning the aignal into two halves an 

c.onst ruc tien the channel i pulae r eaponse from each half. To improve 

the quality of the e r aponses, t hy are filtered in the ti• doaatn 

by a procedur described under the channel me sure ent operation below. 

Two paramet ers involved in this filtering are !\ti• the width of t h~ tiM 

window nd R2cutl . the t hre hold on ma ·ituded s quared. The coaplex 

corre lation betw n the two halves is th n cal culated ad the angle ef 

the correlat ion yi lds the final frequ ncy ahift required to achieve 

zero Doppler. To preclude xceu ive final freq ncy ahiftl at lo S/H. 

the gnitude of the fiaal frequ ncy hift is constrain d to be lHa 

than the par t er ZSln.IM. 



• Th results of th •hif t to 1ero Doppler 18 expr••• d in th 

a ur ment of the f requ ncy of the incomin tran• iasion, d Bignat d 

F2. At th concl ion of th ahift, th co lex correlation coeffici nt 

is r com ut d, to give n indication of any red al Doppl r. Thia 

yi lda two ad.ditio 1 ae\.•re nu:· R2 hich 1a t e an1tude of the 

normali d corr lation coeffici .nt and A2 ich ii the angle. in 

revolutions (3:60• • l), of th coeffid nt. 

- ch application of the ZSHI T aJ.gor1t yield• thr e variable•: 

the fr quency a ur • the gnitude of the corr l tion coefficiant, 

nd the angl of th correlation co fficient 

• The • cond aup in eit r d aodulati proc.e■■ 1• to re-apply the 

SEARCH alg,,rit to the ligaal hicb ii preJ.IUIMID cy. 

This • 111n ly n• dl H f cti bin fact iapor t baca t~e 

fr qu ncy eatilllate fr the earlier• arch 1• • jct to d~atortion 

du to ti• dilation •ffecta. Th ZSHIFT rout e bring• t e 11gnal 

cloH ou h to caro freq cy th th freq cy eatimate from thi• 

search, ded .at d the po1t-Z l!IFT • arch, is of hi& quality. Tb 

re ult• of th poat-ZSHIFT H&rcb are 11ven in the atati•tical o tputa 

L2.T2 152 • ich are th o t t lenl • ti e.at te a frequ ncy 

-
ocean, 11Ultip th increaaea the duratio of the recei 

111.tted through the 

aignal beyo d 

N1 • lea. Th.e tJJae location fo by t aynchronlaatio proc••• 

effactiv ly locates the atart of the moat raetic "J-lon1 int• al 

containina t eipal. In ■o doing, a porti of 1th l" the fir1t ayabol 

28 
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r last ymbol may fall outside the int rv l ep cifi d by the ynchroniz tfon 

process, which will lead to rrors on the ymbols. To ounter thia pro-

blem, the receiver proc sea the signal in two p ss s: In the f int paas, 

designated th A pas, it acts on a signal r-t rded by NHl c pl x point• 

to determine the first NG/2 symbols. This ret rded signal c:ertainy con­

tains all of the first symbol nergy. but y mis much of the lu 

In the second pas, design ted the B paaa, it cts on a si I 
al adv• cad by 

NHl complex points to clet rmine the last NG/i.. ymbola. Thia adv. nc d 

signal certainly contains all of the laat • ol en rgy hut • uch 

of the fir t symbol. Beeaus NHl i8 a 11 relative to N, the offlettinl 

proce s does not significantly effect the sub•equ nt pt'Oc asing of the 

probe compon nt. 

- First, the input to the paaa ia ahifted to zero Doppler via 

the ZSHIFI' al orith. This yield• the statistical outputs ZA, F2B, 

R2A, R2B and A2A, AD. Because the fr qu ncy eatimat provided to the 
ZSHIFT algoritmn has be n proved by the po1t-ZSHIFT earch, the 

fr quency estimates F2A, FZB are n T Uy bettel:' th nth earlier 

estimate F2. 

- The n xt operation if to eaaure th channel tmpulH reaponaa 

for construction of the• ol matched filters. Thia ia acco liahe 

by cros correl tin the t .i-an itted probe v fo with th input atpal 

(now at z ro Doppler). Two filt ring operations in th ti domain are 

applied to the a ured r aponae to i rove th quality of th eatiut .. 



First , th os t n rg tic contiguous s,ep nt of Mui pointe ia located 

an 11 points outaid that nt ar zero d. Second , 

valu of gnitude qu red for point.a within the • t ia CO, ,puted 

and points within th sep t blow lt2CUTl ti.as the max in a ni-

t.ude squared are zeroed. Thia luv a· a r aponee with only ignific,J.~t 

poi .nta non z ro . 

• Several important statistics ra co. put d bile deriving 

t he ch nn l pul r apon stimate. .frior to th filtering operation , 

the ratio of th 1 cted J\ti• long interval to that in an 

interval His/F points • ay 1 C!OIIJIUt d . Thia forms th baa1• fo r t h• 

calcul tion of the st~t • of input aignal to noiae ratio , S A, S . 1. 

in dB. B c u•e of th equatio loy , tbu .st te.a are 3 di~ 

t h actu 1 S/H. Furth r, the equatio ployed ia applicable nly for 

S/N's below -3 d • Th• •tarting index of th• RHl long interv:&1 1 aav d 

statistic lly u TP2A and l'P2 , Alao th n er of non•Hro pointl in 

th ch nn l pulse reaponae ia eaved • NZ2A and NZ21. !he latte,r 

quantiti .. a provide a good uura of t • aeverity of ltipath. 

a Th thi~d operation in the initial daodulation 1a to ke th 

d ciaion• on th receiv aymbol• • Tbil 11 on by applyin atch d fi.lt rs 

correepond1ng to each pos 1ble aym 1. l iapulae r .. po 

nt i• u ~ to con.str ct each filter , so that th fil t u are tch d to 

30 

th cauae of t e vay th filtera are conatruct d 

th correct • pli a inatant for each filt r deciaion fa own. ConHqu tly, 

nuabera corr••poocli to th• o tputs of the 

bol filt ra. Syiabol deddona are de 'by c ooain t Ult r output 

having th larg, •t itu • (out of I A/2 f ilter outputa) for e ch of the BG 

•Yll ol poai io • Tb a1 of th filter output alo with t e id ntity of 



that filter sets the yribol value. 

■ For non-binary signalling (NA>2). an interesting statistic baaed 

on the ymbol filter outputs is co put d . Suppose NA• 16, then there ar 

8 filt er outputs , l which is the maximum which corr sponds to the correct 

symbol and 7 that correspond to the other, pr,es bly incorrect s , ols. 

Th ratio in dB of the maxi um fil ter output to t he average non-maxi 

symbol output is calculated for each of NG symbol po ition · . Thia r ault 
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is then averag dover NG ymbol position d . av d as th statistic• INF2A, 

INF2B, providing a good asure of the quality of the ymbol deciaions . 

Wh n NA a:2 (binary sign llin ) this statistic cannot be. c puted aa th re, 

is only one fil ter oµtput, and INF2A, INF2 B are aet to zero . 

■ When n RFILE ia generated a corr ct aaa is specified to be 

used in evaluating the yst error perfo ince. Aft r ac-h dellOdulation 

the ~ ymbol decisions are cor d aga.inst this message.. A count of rrora 

by ymbol position is maintained to aid ia loc tin an lie in the pro­

ce sing. A total error count is also maintain d and n ov rall probability 

of a charact r rror PE(CHAR) is co uted. The correct ssage contained 

in t he RFILE eff c.ts only the receiver scoring , arbitrary meeaages •re 

processed and printed without prejudice. 

■ Figure 9 depicts a block am.ary with the variable ia the U'ILE 

header pertaining to in;tial d odulation underlined and with r sults froa 

the initial d dulation circled . · The •eaning of t h par te1:a Nill' N1, 

No, ZSBLIM, R2CUT and R.2CUT1 ha been giv n above. The circl d te•ulta 

have al o been xplained abov • Note, how v r , th dj cen:t r esult• of 

similar annotation app ar on the ry . Thy arise fro the bootatrap 
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de odulation described later. Thus, only the fir t of the enor r aults 

and those statistical r sults with a 2 in their label arise fro the 

initial d adulations. 

■ The error p rformance of dep nd on the quality 

33 

of the channel impulse r e ponse easure nt. A better r pan asur n t 

will yield better error p rformance. Only one half of the tran mitted. 

energ ( the probe) is known exactly to_ the re i ver nd c n be used in the 

r espon e asur nt durin the initial d. dulation . After the initial 

de odulation, however, the s bol deci ions obtained in initial d dulation 

can be u d to form an tim te of the !2!..,l tr n mitted ai 1. If the 

bol decisions re correct, this would incr eas by 3 dB th knovn put 

of the r eceived si n 1. nd a l> tt r r •ponae ur nt ttould r •ult. 

Bootstrapping is the proce s by which the d c tsions d in the initial 

d modulation are u ed to i prove the quality _ of t h infor tion de­

modulation. 

■ In ord r fo1: bootS'trappin to be ucc sful , t h pr li'fflinary 

symbol decision should be very nearly correct. Since th r ceiv t" ia 

d igne~ to operate with n initial prob bility of ymbol rror of .001, 

few bol errors ar xpected in ny aingl bur t. Althou h no 

theor ti cal work on bootstr ppin baa yet b n p rfo d, pi?'ical 

results indicate that it re-ducea the • bol rror rate wtd r noru1 

op rating conditions . Con qu~ntly, it has be n includ din th r ceiv r. 

The dif f r nee in rror perf or anc:e and other pu tera betw en initial 

and boot tr pop rations i ndicates th sensitivity of thee par iere 

to a 3 dB pr ov nt in probe en rgy. 

I 

I 
I 
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. ; • Th bootstrap proc a reconst ructs th t ran mitt d wav form 

bas d on the syabol d claions fro th initial d dulation. This re­

co.n truc.t d wav form is th n uaed in ub~ qu nt pp lie t ion1 of the z r o 
,. 

shifting (ZSHIFT), a arch (SEARCH) ,and probe r cons truction (PROBE) 
.. 

algorit • Th order of application of these al gorithm is xactly 

completely analogou• to those of the initial d ulation , xcept t h y 

cont in a 3 in th ir designation i n1t a.d of a 2. 11l only exception 

occurs in SNR.3A, S 3 which 

offs t of SNR2A, SNR2B. 

sure the input S/N without t h 3 dB 

• 'I' o llow addition 1 fl xibility 1n the boot strap pro.c 11 , 

di ff r nt para tere for the search width D 2 ( in place of I) 1) nd 

for the probe thr ■hold lt2CUT2 (in pl ace of R2ctJTl) uy be •P cifiecl . 

Current varai ~ of the proara do ot · . e of th i r capabi! i ty 

d • t the val.UH the •- for the itial a boo.tstrap ptoc a s . 

■ Figure 10 depicta the block a r y with t he R:FILB parameter• 

d aling with bootst rapping underlined nd with the bootstrap reaulta 

circled. S3 1■ s i ly the r yin t h inp t wa.v form. prior t o tba 

booutra d dulation. The atatiatic• L3, T 3, FS3 , arise fro the 

bootstrap 1urch, the atatiatic1 F3 , Rl, Al ariae fTo th boout ra.p 

zero ahifting proceaa, etc. At the botto .of th p 1e , the frequency 

offaet F3 is conv rt into oh ota d ertz for conv ni c. th 

qua.ntiti • in par th ea are the at dard d viatio of the offsets in 

, otf . d ... rtz. ote hat tha character error count , chal'acter error 

probability d character error• by location are giv n in the right moa t 

or lo r position for the boct1trappin1 d modulation. 
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a The bootstrap d dulation doe h ve on option not prev1ou ly 

de cribed part of the initial d dulation. In th i nitial nDdulation, 

the rec ived ign 1 1 cro -correlat d vith th tran itted probe waveform. 

In the sp ctral do ain, tbi correspotfda to the ult1pl1c tion of t he 

conjugate of the probe sp ctrum, l(w) ti a the received sign 1 sp ctr 

X(w). Let X{w) be defin d as 

X(w) • A(w)C(w) + N(w) (33) 

where C(w) i th chann l spectrum N(w) l the nob sp ctr • Thus, 

the corr lator output Y(w) is 

7(w) • fA(w)( 2c(w) + A*(w)N(w) (34) 

of which the first t m is t ignal co.ntr1but1on. For the rando probe 

s qu nee conaid red IA(w)l 2 i a constant in exp ctation, but in any 

p rticular instance baa • . rippl • Cons quently Y(w) do a not qual 

C(w) ev ninth abs nee of th noise term. 

a Aa a low co t feature, the curr nt receiver includes t b option 

of u ing the inver f ilter 1/A(w) rath r th n the conjugate fil ter A*(w) 

in derivin, t he chann 1 i.Jlpulse ia su nt. Thia f ature 18 in eff ct 

only if INVFLC :ln t h ILE b der ia 1, and then only for the bootstrap 

d dula tion. Vith inv u e filterin Y(w) 

1 
Y(w) • i(wj" {A(w)C(w) + N(w)] 

• C(w) + N(w)/A(w) 

• 

(35) 

so that Y(w) is xactly the chann 1 puls r aponse 1n tbe ab• nee of 

noi Th feature b n • d v ry littl d ia not con idered 

lik ly to rror perfo ce. 
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4.4 0th r Receiver Outputs ■ 

4.4.l General: ■ 

■ The preceedin discussion of the rec iv r outputs ha be n 

c ntet'ed on the block s r y which can be generated either periodically 

{typically every 4 hours) or at the oper tor '• discretion. In order to 

allow close monitor ing of receiver perfo nee, a number of other outputs 

are available which re produced mor fr quently.. The e are the line and 

page sum ries,. the me ge printout, the o c illoscope display and the 

digital magnetic tape. 

4.4.2 Line S ries -

■ Figur 11 depicts a typical page ry. which 1 produced 

at approximately 1/2 hour intervals. The first page ary of a c puter 

r un contains the RFILE/VFILE/Data Header faformstion f ound in t h block 

ary in addition to the data shown in this figure. A pa e a ry is 

co po cd of several lines riea , plus a block of statistical data 

corre ponding to the bur ts r eceiv d during that pa e . In Pi ure U , a 

t ypical line ry is encircled with a solid lin • Another type. of 

output line , known as n input l vel s 

lin nd will be discuss d later. 

ry I ia ncircl d with a dotted 

■ A lines 

line abov~ the line 

contents of the line s 

r y is produced for each burst r ec ived. The caption 

d es in Fi ure l 1 is h l pful in int rpreting the 

ry. The f irat data in t h ry ia the 

t im of rrival for the bui-ttt in DAY:BO :HlN:SEC-SAM fo t . vb re SAM 

is the co plex ple n ber (within a l s eco d int rval). Thus the etart 
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PT F Lt DlW 

53: 5: 36: S~- 46 t33Zt 11,. 011 4.646 0.,10 -1 t .6 1 0 -3.5 
53: s: •1= 9- ,9 1•es1 tt!.&<16 a . 21 • .ss.c. -11.s t 1z.2 0 -3.s 
53: S: 44~ 19- 44 5723 1U.9.~~ -..571 0.973 - 11 .1 t u., ~ -3.G 
53: s: 47~ s,- 49 11 ~~s 11!.0te 7.112 0.s1a -1t.4 1 12., 0 -3.s 
53: s: s1 ; s- s0 9728 11e.,se e.se4 e.~5& -1e.e 1 13.1 0 -3.s 
53: 5! 54 : 4~- 50 11Z64 11~.,ss ,.~,. 0.54S -1 1 . 0 1 1Z.! 0 -3 .. S 
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of a giv n burst can be lee.at d to a •P cific co pl x a ple in the d ta. 

DT is then be~ of co pl x s plea bet the rat aaor, 
F is the frequency of the incomin.g si al in sp ctral line spacings 

and with the inverted sign entioned e rlier (F • P3). L1 ia· the 

output of the s condary s rch. B. 1 th agnitude of the normaU.zed 

correl tion co ffici nt as fou d in th bootstrap z ro-a if tin operation 

(R • Rl). SNR is the estimated input ai · nal to nois ratio in dB, and is 

obtain d by v ragin • SNR3A and S 3B. S is valid only for input S/ '• 

below t dB. NZR ts the n ber of non-z ro points !.n the channel im u.lae 

re pon obtalned by av ra 1ng NZJA a d NZ3B. Similarly INF ia th av ra ·• 

of INF3A and INFJB nd indicate the S/N in dB of the s ol d cbio akin 

process. E repre ents th n ber of character errors r lativ to the teet 

mes ge. DBV i• the sign l ner y in d V aa found in the hootltrap sta e 

(DBV • S3). Note that all of th quantities xcept 1..1 are obtained in 

either the boots tr pping eta e or final d dulation step of the r c iver. 

■ Since lines ries are pri ted only wh n a burst is rec:eiv d, 

no ur ents of this type are printed t1nder noise alo e condition•. 

B caus op raUon with noia alone ia an ort nt part of p rfo nc 

valuation, (for false alarm ) , a periodic o tput lin , called the input 

level s -'ry • for such a situation ia p ovided. Aa indicated within the 

dotted circle of Figure 11, this line co aiat• of s:t ly th time 

1 vel in dBV (D V • ND V in this line) .. 

d input 

- The page a ry •• indicated in igur 11 con•i•t• of a ahort 

39 

her• a d caption follow d by a eriea of line ad input level 
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l'i • At t concluaion of th ae lin • a d ta block co pletely 

nalogou to that of t block • y ia print d . Th d ta block. gi vu 

h nc it is no lly 

the quick t statistical r esult available. Th pa e su ry eoncludea 

with a t ally of the number of burau, the n ber of charact r s and 

char cter errors (bootstrap d dul tin) and t e av rag. •P din knota 

(ba d on Fl) for the bur ts on the page. I• diat l y b low thi.a lin 

are th s results for the overall data block curr ntly in progress . 

- Durin th op ration of the receiv:nr, the block and p ge a adt 

re print d on a line print r wboae output ia d laye<l for v iewing by nv ral 

inch du to it• constr cUon. Tt.> allow the operator to be n arly instan­

t ously info d of •Y•t• operation , th, control t el printer provides 

a ingle lin of o tput for each burat. 1a 11 conaieta of th t 

arr .ival of t burst in the UM f o t u the lin • ry . plu.a t 

in both hexad c:iaal and r dix 40 notation. 11 re 12 d picta a typical 

teleprinter out.put. To al r t the op rator that a Hage will soon he 

print d, the t lepdnter r inaa a bell · h t 

initiat d . It ring the b ll agai after th •• 

ulation proc • 1 

1a print d. Thus , 

of 

asage 

t h oper t or can Hna th prop r operation of the receiv r vh n signal ia 

pre nt by • ply list ning. 

4.4.5 Oacilloacope Di•pl ya 
■ A oacillo cop d iaplay of th 1tu of eith r the 

C 1 1 p H r po.n1.e or th ch l tra fer fwic·u.on 1a alao avail le . 

Th choice of tiae or fr qu ncy in display ie • accordi to the 

40 



CIAY HR Mlf1 ·EC SAM DT F L1 R I E 

' 
-3.7 

943E 4487 BFEC 2D00 i UFt-tiU C780 

·3.; : 13 . 1 119. OU 8. 6 6 0. 970 -10.6 1 11.7 0 -3. 

1 
5 :3 : 5: 41: 9- 49 9 43E 4487 FEC 2DOO N UA-fiUSC78 0 

5 3 : C'• 41: 9- 4'3 14851 119 .. 006 8.021 0.964 -11.3 1 12.2 0 -3. 

--·. 
53: 5: 44: 19- 44 943E 4487 BFEC 2DOO ri UfHiU C7 0 

53: s: 44: 19- 44 9723 118.966 10 . 571 0.9 3 -11.1 1 12.6 0 -3. 

\ 

i 
'5:3 : 5: 4•,,- s· - 4 9 94·E 4487 BFEC 2.DOO N UA-NU 'C780 

' . 
53: 5: 47: 59- 4 •;, 11 269 119. 010 7.172 0.918 -10.4 1 12.6 0 -3. 

53: s: 51: ~- so 94·E 44 7 BFEC 2DOO N.:UA-NU C780 

s: St: 9- 50 9729 118. 950 6.604 0.8 6 -10.9 1 13.1 0 -3. 

'5 . s: 54 : 4'?- 50 943E 4487 BFEC 2DOO ff''UA-NU C 78 0 

.. 
¥ J : 5: S•f: 49- 50 11264 118 . 955 S. 994 o. 49 -11.0 1 12 .. 8 0 -:3. 

' 
' 

l 
5 ...... s: s·~: 29- 43 943£ 4487 FEC 2DOO HSUA- NU "'C7 0 d 
"'-:>. 
53: 5: 59: c;~- 43 14329 118. 9 2 7. 3 9 0.9-0 -11.1. 1 12. 0 0 -3. , 

53: 6: 2: 49- 36 '943E 4487 FEC 2DOO N'SUA-HUSC78 0 

5·':>• ,.. .._,. f.• -. 2: 49- 36 1 •233 118.996 6 .. 769 0. %8 -10.2 1 11.8 0 -3 .. 

5 :3: 6: 6: 40- 0 
-3.? 

s -~· - .,. 6: 7: 9- 48 94 .... E 4487 BFEC ZDOO N UfHiUSC7 ~ 0 

53: €,: 7: 9- 48 13324 119. oo· 6.792 0,964 -10.6 1 12~4 0 -3. 

s ·: 6,: 1 or S9- 50 '943E 4,4 7 IFEC 2DOO tiSUA- NUSC78 0 

. 6: 10: 9 - ,o 11 77 119. 032 9.167 0. 975 -10.1 1 12. ? 0 -3. 

-. 
53: 61 14: 39- 49 943E 4487 IFEC 2DOO NSUA- NLI C780 

53: 6: 14: 34- 4'9 112"3 119. 037 1 . 44 0. 91 9 -10 .. 3 1 12.8 0 -3. 

53: 6: 17: 4?9- 45 94 4487 .IF C 21)00 ti -UA-NU C78 0 

53: 61 17: 29- 5 700 119. 022 8. 3 1.000 -11.0 1 12.3 () -3. 

(This fiaure claaa1Ued 



or fr qu ncy pointl u obt 1ned. by th et r cent 

hanne l aaur ment opention. th time display 1a iven prior to the 

thr holding on gnitude squar dt t h f r qu ncy display i giv n after 

thre holding. Wh n th d dulation proc H ia nt r 4 , four channel 

m sur nts r e made (A, .B init.,l 1 d .adula tion; A, B bootstrap de­

modul tion) nd displayed. This 1 ve the r e ult of th I p a of 

t h final d ul Uon on the acr en. for the lon est period of ti • 

The displ y ins rta a sero line t about. a 5 % d t y cycle so aa to 

provide a ref.erenc in lookin t t he 11agnit • • o ab1olute l e 11 

re av Uable in t he di play a• t h output points ar djust d to pro­

vid a. ximum r solution diaplay . Further • no hard copy of t he display 

i avail bl o that it s r v pri rily •• a qualitative aid for the 

oper t or. 

4 .4.6 

■ Wh n th inp t to th r c i r 1• anaioa , • l/2° digital , 

42 

tic 

tape i produc d containi a t data h ade.r information nd th unproc s d 

comple.x p i r • Thi a tape 1a written •t 800 bit• p.er i nch in an industry 

compatible (IM- tyle) fo at on up to 10-1/2° re ls . Th structur of t h 

t ape 1 very s pl nd will be xplain below. A ' ord.. here consists of 

16 bit witb th so t aignificant byte of each word ein the first byte 

on tap (PDP-11 u• ra b v•re). 

■ Th tape condat• of a 256-vor d • r r cord foll d by co a cu-

tive data racorcJ• of 1 ,02 word• each . o of file urks are automatically 

plac d on the t•p • Th y y h• plac d at the . nd of t tape by th operator, 

ho v r , th no 1 proc dur ie to write th tape ntil an T ( of tape) 

indication is r c iv d. 

I 



■ The f irat record con iata of 256 rds, of which the first 128 

words are an alphan d e he d r, •• pdnted in the RFIL head r. Th 

characters are in ASCII format with the parity on (Mart. p.i.rity), pack d 

t wo characters per word in the usu 1 nner. Table l b low is he l pful in 

understanding the contents of the header. H re WORD (l), •• WORD (256) are 

the (P'O TRAN ind x ) ymbols for the 16 Ut words on the head r. N bera 

are to be interpreted in conv ntional two'• co pl nt fo • 

Table 1. Constant.a in' h der record a 
(Table 

W01W(l) .... WORD (l28) ) ASCII Title 

WORD (129) 
WORD(l30) 
WORD(l31) 
a>RD(l32) 

W0RD(l.33) 
WO (134,) 

(135) 

DAY 
HOUR 
MI 
S C 

1CHZ 
HZ 
MHZ 

I STAI.TI G TIME OF DATA 

I CLOC Q CY (4fg) IN KHZ , HZ , MHZ 
fR • 1/4 (1000. * mz + HZ + .001* MHZ} 

U(ll6) NQ } # of carrier cycles/ co pl ex p ir 

W0RD(l37) •• • W0RD(256) ) Not u,ad , aay he t l.'ash 

■ The r i n in r cords conai•t of 1024 orda of cons eutive 

input d ta or equival ntly 512 c 1 x i nte r pair• .. , • • first c ~ plex. 

pair on t h record corr •P nd• to the olde1t comple pair r ceiv d, the 

last corrHpond• to the most r c nt . Thu.. th t i.lie ord I' o tape ie 

con ent ional. 

43 
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APPENDI A 

lation bet 

1978 ill! !fil ill! 
FLO u, No equival nt R2 
FLl Ll RlA R2A 
No equivalent L2 RlB R2B 
FL2 L3 R2 R3 

R2A R3A. 
TLOC" TSfJ .R2B R3B 
TLOCl TSl 
No quivalent TS2 No equival nt A2 
TLDC2 ?S3 TIA A2A 

Tl A2B 
FLOC~ FSf T2 A3 
FLOCl FSl T2A AJA 
No equiv 1 nt F 2 T2 AlB 

J FLOC2 FS3 
DTl No quiv 1 nt 

No equivalent 12 DT2 DT (line 
9U ry only) 

FlA F2A 
FlB F2 FSlA 7P2A 
F2 F3 FSlB TP2B 
F2A F3A FS2A ·TPJA 
F2B FlB FS2 TP.JB 

ZlA NZ2A FL ( ) Lffl() 
NZlB NZ2B FLIN( ) LIN() 
NZ2A NZ3A 

Z2B NZ3B V NDBV 
l 

SNRlA SNR2A I SNRlB R2 Par tera new to 1979 v raion: 
N.R2A SNR3A ZS IM - limit on final ZSHIFT 

SNR2B lUB freq cy ahift 

INFlA INF2A 
INFlB INF2 ., 
INF2A 3A ... 
INF.2B I 3B 
SlA o equivalent 
Sl o aquival nt 
S2 S3 
S2A 0 quivalent 
S2B Ro equivalent 
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Petfo 

1. Introduction. 

• The r aulta of ext 1ve performance evaluation of the M7 

co unication syat by • na of si ulated data are pres nted. Th e 

results include the effect• of noise, chann l ultipath, Doppler and 

time of arrival unc rtainty, and are pres nted over a r nge of input 

signal to noia ratioa. All of the re ults are fot' th M7 X3 version 

of the yst deecrib d below, how v r. the ace anyin discu sion 

pplies to other veuiou al•o. 

is succe-ss f ul in acquiria1 and 

input si nal to noi1 r tto. 

r •ult• indicate that the •Y t 

ls well below a OdB 

• fld• paper au .... a f 11arity with the noaencfat ,ire 

1 

and t chniquH of the K7 •r•t•. Th information contain din Reference 

1, "A Guide to the P•r-tera • OUtputa of the H7 Co nication Syst " 

provides the r COIIII 

2. Si lation Tee 

bactaro d. 

• 
• The M7 rece£ r ia ca able of accepti either analog or 

gnetic tape inp t•• In order to aiJlulate tbe eff cu of a typical 

acouatic ch n l a d to exactly co trol the input 1i al to noi•~ ratio, 

gnetic tape• contd.ni I •ynth tic data were g nera , d •9d provid d as 

input to th receivn ... ca • a large r of burat• 1• r quired 

to v luate c~tcat,io 

signal and noiH under •t t 

c, a ■ingle input ta e co taioa 

ditio111 d repYe ta o,f th ord r I 



.J 

of 24 hours of rel ti operation. ch d ta tape i designat d oy 

'.. DDD:HH where DDD is the day of t he y ar and HH ' 1s · th ho r t he tape wa 

g n rated. 

- Construction of a synthetic data t ape b gins with the sp cifica­

tion of a p r ticular signal fil , or SFILE. ~e signal in th SFILE c n 
be gen rated c:cording to any version of the M7 yst nd th particula.r 

m age in the info tion compon nt i · sp cifi ble. Th random bit 

stream. known s the KFILE, is lso sp cified at this point. A.fter 

constructing the signal , an rbitr ry Doppl r off e t: c: n. be applied, where 

this offs~t includes t he ti dil tion ffec tfi of Doppl r. f 

- As cond file , call d th CFtLE 1 on tructed to re.pre e~t 

the impul e r e pon e of an coustic c nn l ._ Ex of the two '"!FILE 

on which th r ults r e b s d will be pr 

- The ynth tic data tape is construct d .fro an SFILE and a CFILE 

t a sp cified ign l to no.ise r tio. First the s1 1 b p s d through 

the h nnel by a l gg d correlation techniqu so that it i extended in 

time as required by th ch l. Note that th sign&~ ha Doppler 

1 posed on it prior to the ch nn 1. Th r gy cont nt of ~h signal 

i s me ured .. A noi e v ctor 1a obtain d _by • ~alog. to digit 1 conver ion 

of the r nftl.lt r ed output o.f a H '!1 tt-f ckard 1381 ,r do ,noise 8 ... r tor 
(set for no inte~ l ~lipping~ nd th 

ured . Then th filttr d signal v ctor ia add d _to th noi 

in a ratio to y i ld th d ir d algnal to noi ratio. 

ctor 

2 



■ To en•ure that ti• of arrival uncertainty c n be properly 

evaluated. the apacina betw en burn• i• set by a random selector 

based on the noiu •ource. A pair of signal■ ta separated by 4096 + 512 x 

complex s ple• wh t:e x 1a •• inte er Uftifonlly distributed on O~x~lS. 

The fixed offset of 4096 coaplex •aaples is provided to elimtnate 11iss a 

due to post-deteetio blanking. The atartin1 ti• of each burst on the 

data tape is pdnted for later analysis • 

• In su-ey. each synthetic data tape contain of the order of 24 

hours of data (-350 M78 bunts) having the following conditions held 

constant: 

1. Signal ftl'IJion 

2. UILE rand011 bit • ,tr ... 

3. Inf nation oa dpal 

4. Do pler off••t 

s .. Cbanael aulttpath .. .. ae 

6. Si nal to noiN ratio 

Signals appear at the q el•randoa d•i•Y• ind:l.cated, ·wtth both the noise 

and the arrival del Y• betn-1 independent fro• one tape to the next .. 

2.2 M7BX3A Venton. 

a The particular raion of the M1 on w:1,ch tl\e aimulatiun was 

based is designated H71X3A d r pre• ts tha moat advanced veraion 
' ·-f : 

3 

currently available, "J.'he deai ator 'I' :lndicatea bhe bur t tiM band,d.dtb 

(TW) product u 4096. the ct.Ii ator '3' indicat a the butst contaiu 10 

syabol position• filled frGI • 64-•ry al alling alphabet. The final 



d criptor 'A' r fers to th p rticular d. tection thre hold in use 

\~h h will be deitcribed 1 t er. 

- The par t~re indic t 

of a ... i ific nt ver ion o.f th M7 syst t 

l ect d to allow ev luation 

ov r r ng of sever 1 

bu red mil • As such the system is on the boundary betwe .n a t ctk l 

and a str tegtc co unication syst • Similarly,, th Doppler r nge was 

sel ct 0 to yi ld r 1 ti tion on E:. 1. ting quip nt yet 

h ve s m .re lis m for t ctical 

- T ble 2.1 giv .s the ch r acteri tics of the M7BX3A version. 

The indi d c~nt r frequ ncy w s 1 cted to be cop tibl with the 

ONR-sponsorcd El uth ra ound projector. With care, th re ults given 
• 

h r e c n be seal d to ny frequency b low 400 Hz . A d tail d ep cifi­

ation of the M7BX3A para ters appears in App ndix A. 
'• ' 

- As indicated hove, the tr n aion ccmtain 10 syJllhols t k n 

from a lling lph bet • This yields the equivalent of 60 

infor t ion bits p r burat, or a bit r te of .75 bits/ c . Note t h t 

no error correcting cod h ve b en us din t h ayst • The 8 econd 

symbol duration 1 suffici nt to count~r ch nnel ultipath rising 

fr om r ng of several hundr d mil • 

- The synchronh tion proc: • of th, M7 X3 r c iver u a 50% 

overlap f ctor in both th tim and fr qu ncy d<? i~ ( ,, • 2~8, NT♦ • 2). 

The Doppl r se rcb i conduct d over 15 ·ti dilation .bi 
• t \ I 

, ach avin 

a width of 16 sp ctral lin ( • 15, NW • 16). This -~i•lds a Doppl r 

r ng of ± 21 .. 8 Kts as indicted in T ble 2.1. Secondary synchronization 

4 
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~7BX3A - SPECIAL HIGH RATE Vf" ION FO" •73 NSUA 
Nl-ie = ts , INFO• NSUA-HUSC7a 

3'1 OCT 78 ~T 11~! MR ( RETYPED OS JAN 78 AT 0757 MR > 

CENT ER ~ EOUENCY C MZ ) 

EANDiil DTI.I ( 4 D! 1 M2 ) 

C > 

BURST T-W PRODUCT 

t10 .... !..tLAT I ON TYPE 

SYHFOL DURATION ( ~C ) 

SYMBOL T- W PRODUCT 

BIT RATE ( BITS~ !C > 

!\u>te 8.1 K!B Chaztaoun tio • 
(Tab t• Cla si, fl.d 

St.Z00 

409 

0 . 75 

60 



is perfo d over a ?l spectr 1 lin . int rval wit a pacing of 1/5 

p ctr l lin between s arch • (DFl • 1., NT! • 5). 

- a d on previous synchronb. tion studi~ , a low p s f ilter 

i nt gration ti of 16 s pl s ~ ( ♦ • 16) . Civ this 

choice, t he pri ry and second r y thr ahold were tat 2 nd 4 s t nd r d 

devi tion above the n of th ir r sp c tive noi e di tribution. Thi 

w s done to prevent f 1 e 1 r fro conta nating the variou ign 1 

m a ur nts.. A will be shown 1 t r , th choice of thr hold wa.a 

exc 11 nt . 

- The ti dil tion ffect of Dopple r were cou.pen 4t d for by 

a 32nd order interpol tion u i ng a inx/x int rpolation function wi th a 512 

point qu ntbation bet n r os on its ab~i aa. (NO• 32 , NI • 512). l ine 

grain Doppler r oval by ZSH.IFr proc a■ was 11 t d to ! .2 specti .,1 line• 

(ZSHLIM • .2). 

- The chann 1 r aponae aaur nt wa conatr in. d to a 256 co 1 x 

point (5 second) widt h, with a lOdB thr shold on gnitud squar d ( 1 • 

256, R2RAT1 • .1) .. I puls r ponae and p ctral di plays during rec iver 

operation showed t b a choices to be satisfactory. 

r s for the boot strap op ration w r e tak n to be id ntical 

with th.o e of the first p • (DF2 • DFl, 2RAT2 • R2 Tl). 

- A ingle rand bit str (KFIL) d aign t d •• K.12013 a 

used throughout t h 811-Ulation. It·wss obtain d by und raamplin a oile 

ource by f ctor of 4 and obs rving th polarity of t h r ault .. In t erms of 



I 

l 
t 

balance (n ber of • rs• n,al,er of• ro•) of the sequ nee is ,09 

b1uomial sta dar4 deviati • uality . Although c rt in 

arlier KFILEs wen •difted to be coapatible with the v 1 Ocean 

Syst , Center Ch e.l Adaptbe lecei r a d u d the a bol 

alphabet in ea-ch ■yabol po•itlon, K12013 was not dified and therefor 

has diff r nt alphabeta for ach ayabol poaition~ Thus the IC.FILE on 

which the ai ulation r ulta are baaed hae o known structur beyond 

that of a random bit et~ 

2. 3 CELTHRA • 

■ lvo lin•r e---1• ••• •tud:led in th simulation. Tb first 

is the ideal, ai al• t d CID!AL• which a r s as 

channel H deacdbed laelow. 

■ For r U.•• a ■iaulatad c el , • co truct · d froa data 

provid d by K. Metae-r oft Unt erait, of Ktch1 n and J. Sp isb r er 

of Scripps I tit te of Oce 1raphy. Th• 

periodic pseudo r aeq••ac•• tra ••1 bet n the O 

Eleuthera source aad th& ' ' hyclro • a diatance of 3S0 n. Con-

version from the analog data plot to digital fora wasp rfo d by 

choosing path• wit iu. 13 A of the lar et ,path. Thia yielded at n 

point co plex i · lN r•pou• o r 1. 75 • · c da, as ah in Fi ure 2.1, 

de ign ted CELTHU. Altho i• not int nded to be a typic•l 

7 
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or canonical c •l for all e~ication e viro enta, it doea pro-

3. = ,;;;.;;;;.;;;;;~__,;.;;.__.lt .... ,• ■ 

•Thia• ction hiahlllhta the aore int r stin r ults 

from the siaulatlon. Aft deftntn1 t data set, th ynchronization 

and information d....tulatioa rforu ce of the M7BX3A are 

studied as a f ctioo oft tat 1 to nof■e ratio. S v r l of 

the moi-e int~ et1a1 collateral receiver out ·ts are also consid red. 

A complet s rJ of the ctata i• given in App dix I. 

3.1 Dat.a D&1cr , ■ 

a Approxlllately IU n of ,.ta" c tdai 

studi d by al 1• 1 • All of the uta k t the it 

027 bur1ts r 

in Table 3.1 

.. au,_ Wf th rt th cha 1 

nd signal-to- 1•• ratio. 1' , tr tion 

at the Naval sw er Ac 1tic• at the al U d n a 

Syst c nt•r • d.111 1111. 1he Ml.e • ler locat • the signal at 

the extre edge of the .,.t naote tt• clUatio bin ao aa to severely 

test both the •YD◄~n•~oaluttoa aad a o fr cy ahiftin al orith • 

DILi• n20u 

MBS►5Mill •DA- C11t (Wix ")/943£ 4487 DFEC (H x) 

OOPl'LDI B.5 Kt 

g 
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• T ble 3.2 giv n index of th dat tap on which th si .... 

1 tion is ba ed. The data con 1st of evalu tion over diff r nt input 

ignal to noi e ratios for both th id 1 (ClDEAL) nd sured (CELTHRA) 
"' l, ,.. ~ ,.. 4, , 

channel. The tap s with sign 1 to noise ratios over -7dB w re 
~ ",t ... ~ ¥ • 

.... :. 'II. , , 

intended to provide calibration data nd cont in no mis ors bol 

rrors .. In general, ch tape cont in about 24 hours of data or, 

equival ntly, 368 burst and 3680 s bol d ci ion. 

■ Operati'ln of the H7 co unic tion syst c be n id rd in 

te of two consecutive proce ses: synchronizaton nd information 
.. ·,._-:•.. :i. -= .. i ... ... t : -.. ~;\ f' ,.. , .r a-

dimodul tion . The ynchroni.z tion proc . d t rmin if a signal is . . 

present. and if it i pre nt, it d termin ign l 's starting ti and 
•. ... ... w , .. ~ .... , t.'J. ... ~ .,.. ·l ; ,~ .... , -

Doppler of f et. Th ~erform ce of th inf~ tion d. dulation r -oc 
· ~ '#,,, • .,, ;; ~ • : .... 

will be de cribed 1n S cti on 3.3. 

■ The cl sic 1 ur of d t ction p rformanc i9 th 
.. t # ~d • . 

~ x,..A '4 

Oper, ting Ch r ct r1 tic ( OC) curve which is 1 di t ly applicabl in 
t f~ ~\ , ~·.' :,' 

th two lternative forced choice probl • A continuou l y op r ti 

syst mt such a th M7 receiver, i not readily d scrib d by an ROC 
"' : ... ~ " :I. ~ ! .. :f:, .t ' 

curve sine the prob bility of fal e datm. P(.FA), is difficult to defin • 

The appro ch tak n here v to fix the two oed ion thr hold ad th n 

examin the probability of mis nd th f al t ala !,__!_ at th e 

t hresholds . 



S/N !dB~ !P. 
+10 10 :07 
+5 124:lC 

0 109:09 

-5 28tll 

-7 53:10 

-8 50:08 

-8 • .5 19:16 

-9 18: 

-10 llt09 

-11 l5t87 

-12 22:09 

-13 113i07 

-14 149•07 

(Tole claa,tftad 

Cl 

bt:ISi!I 

22141 

25110 

Ua 
26tl0 
37t37 

37145 

25:16 

36137 
33t46 

11,50 

211•1 
zs,o, 
2St01 

J44tU 

.I! 
349 106:10 

lit 123:10 

166 lt7d)7 

410 110t09 

S71 6,4:10 

s 3 

l8B 
se 64:07 

512 UtO 

246 .51113 

»2 57:08 

7 60i1G . 
3a 611U -5217 

9027 •t• 
511t22 IICM&,:a 

11 

CELTHRA 

E>uratian Bursts 

7:43 ilS 
2S:&t 385 

25:09 385 

15:Sl 238 

21:10 324 

23:59 368 

25:08 386 

25:tl ~ s 
25:10 382 

24:52 3 1 
24:59 382 

244:11 3740 



■ Figure 3 .1 shows the prob bility of i s a function of 

i nput ignal to noile r atio for the two ch nnel vith the receiver 
• • •• ·: 'I> V . • ~),, ♦• /0 

op rating with t he 2,4 st ndard d viation thresholds , M7BX3A .. The 

probability of miss deer ea rapidly with sign.al to noiae rat • 
« : •. 

and is about a factor of 10 highJ r for CELTHRA th n CI o misses 

in 385 burs ts were asured at -lldR for <:IDEAL. for 'CELTHRA no mi 

were s ured in 512 bursts at -lOdB. U ;ng these : threshold no 

fal e al w re obtained in 586 hours (, ... ~4 1/2 d y ,) of real ti 

operat i on. 

• The low false al.a rate indicated above, ugge ts ar ductiou 
... •* .. • ~ ./ ~ ~ r 

in thresholds to improve de.tection perfo~c at tl\e nse of f alse 
• "t., ,. 

la rm rat e . To xamfoe this ·po aibility , not her v r ion of M7BX3 

was ba d on thr ahold• located at the 1,2 'stand rd deviation p.oin s 
:; f ~ " ···~ ! '> • 

of the noise lone distribution .. Thie version dt~ipat d M7BX3B .. ,· 
and xper;i ncd 16 falae alanns in 11 hours and 57 inutes , fo'r a 

f lse alar rate of abc:>ut 1 l/3 falae alar p_.r hour . Vith CIDF.AL at 

a s ignal t o noise r atio of -14d • l~& se threahold.s lover d the probability 
••• 4: 

of miss f~om .40 to • 21, o.r about a fa~tor· of two . Si larly, these 

threshold lowered the prob b111ty of iaa for CELTHRA a t -l4dB fro .83 

to • 59. This i prov nt in probability of miss do s not ppe r to be 

worth the corresponding drastic tncreas in false ala r ate . 

3. 3 Info,:,nation Demodul tion Perfo anc -

■ When th SFILE is con tructed for a 1 lated data .tap , a 

es ge is spe.cified. Eaeh ver ion of the receiv r includes a me.a.sage 

12 
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difficul t to se froa th plots , the relative 1 rov nt due to boot­

strapping diminishes with incr a ing i gn 1 to nois ratio . More 

improvement due to boot t rapping i a.ppr nt with CELTHRA th n with 

CIDEAL, pres bly b ca e th 3d 1 prov nt in prnbe n rgy is 

ore import nt with non-trivial ch nn ls . 

■ Wh ther the r ror i11prov .nt du to boot tr pping is worth 

the doubling of c lculation 1 lo d 1 worth considering. With CIDEAL, 

t he error probably ia r due d about 10 to 20% , with CELTHRA it is 

reduced by approximat ly 30%. Th dlfferenc s app ar to bes 11 , 

hut in a 10 sy ol bunt a 10% reduction in error probability 

one more symbol i rec ived corr ctly .. Since th inert-a e in co put -

t ion l lo d occur• only wh n a ae .. aga is pr sent, the dd.itional 

tim required for bootstrapping appears to b worthwhile. 

■ Figure 3.4 d picta pot-bootstrapping symbol error 

probabilitie for both CID and C!LTHRA so as to indicate th 

perfor nc r duction due to th non id 1 chann l. Th curve for 

CELnt is di pl ced fT the CIDEAL curve by about l dB. Con idering 

th ti , xt nt of CEL'IH this loas due to tipath appe rs 11. 

■ The relationahip bet n the probability of missing the 

burst nd the s ymbol error probability 1 i nt resting . If the a .s i!iUlll> 

tion i de th t no iH occur at - lld nd above for CIDEAL nd 

- 9dB and above fo:r CEL'nl , then a is of a burst occurs only when 

the prob bility of a symbol error is gre ter than .007 for CIDEAL 

17 
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l 

nd .008 for CELTHRA. Th t is, if a bur t i mi ed, its symbol error 

probability would have been hove about .0075. Thu bur ts which re 

miss d by the syst 

u eful nyway. 

y have bad t o high n error probability to be 

II The d ta block s arie give the number of symbol errors 

for each symbol position, This allows the homogeneity of the s ymbol 

rrors within t he burst to be xamined . Wb n this 1. done, the fi rst 

nd last sy bols are s n to have almo t twice the nu ber of errors 

of th ~. ntr 1 symbol 1n the burst. A study of the shift u ed in 

the A nd ·-3 offset howed no improve nt in the rror distribution 

the of fsct was incr d or deer ase.d to zero. Consequently• the 

incr ase in error rat i prob bly due to error in Doppler r val* 

with ZSHIFT lgorithm r ving Dopp! r more ,uccessfully for the c ntr l 

symbol than for tho e t t he end • 

■ In order to in.vestigate the :f.nternal performance of tJ;te M7 

rec iver, t he m ans and standard deviation of 50 vari bl s are given 

in each d ta ummary. This section pre ents plo ts of th more interest­

ing vari bles nd co nts on the i plic tion of t h results. The 

nomenclature u .d is t h t of R f renc 1. 

Lt, L1 1 t2 nd L3 . 

■ These v riabl re the output of the SEARCH routine during 

the pri r y, secondary , post ZSHIFT and bootstrap s rc h • Figure 3.5 

19 
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giv s t h a of tbeaa var1a'1es •• a ful'lction of SNR for ClDEAL. 

Figure 3. 6 gi • th aaae plot fo r 'l'HRA. The i ncrease in SEARCH 

output with S/N and illproved tiae a frequ ncy knowl dg of the ign 1 

is api:,arent. Note that th• • •arc • which yie:t.d Ll , L2 and L3 are over 

a m ller frequ cy uncertainty t h the priu.ry search . Further, L3 

i s obtain af ter bootstrapping nd cone u ntly ha f ull knowl dge 

of both compon nta of t he tnn■ itted signal. Th th oretical limit 

of L3 a S/N beeo 

t his t r nd. 

l ar 1• NB/ ♦ • 256, and both figur s indicate 

• Tne atatiatica oa L+ and Ll alao provid insight into th 

synchronization proc•••• The foll wi a variable, U • 1 a mea ure of 

the di pl ceaent of the •• of L1 f roa t threahold in standard 

devi tions of Ll . 

{3.2) 

As (.i 'i>~com a l&l'l4l • t he pro ability that U will f all below th thr shold 

FTHRS1 and cau e a 111•• beCOMI • 11. Figure 3. 7 depicts t0 and ~i as func-

tions of 5/N. ote that ( 0 1aprov • slowly wi th S/N, but t1 incre es 

more r pidly. Thia •upport• the two at• e approach of the aynchro iz -

t i on lgori th • 

TS♦ 1 TS1 1 tS2 a d TS3 • 

• Theae variable• indicate the ti• offset found by the earch 

that yield Lf, L1 • L2 and L3. 'The only iaportant thing noted f ro th ae 

21 
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v riablm is that TSl, TS2 and TS3 are 11 and have 11 v t'1 nee . 

This indicates that the prim ry search 1s very successful in rl tarmining 

the tim origin of the si n 1, a given by TS~. 

FSn , S2 and FS3 • 

■ These v riables give the frequ ncy location o.f the signal as 

found by the searches that yield ~. LI, L2 nd L3. Figur 3.8, 3.9 

and 3.10 give the means and s tandard durations for FS¢, FSl and FS2. 

The ordinate in th se plots ha units of spectral lin ., o that an 

d nate a lue of .l corresponds to .1/TB • 1.25 mHz. The tran mitt d 

s i nal was at an off et of 119 line nd hence the plots indicate the 

· er or relative to the actual Doppler 

a The primary search which gives FS0 is perfo d on widths 

of 1/2 line spacing (NTt' • 2) and hence the ,.tandard dc=viation sho.tn 

in Figure 3.8 could be attributed to fluctuation of plus or minus one 

s earch interval. The e flu tuation must be ne rly s tric to 

ield the n v lues. 

a The secondary se rch which gives FSl is on 1/ 5 line s pacing 

(NTl = 5) and consequently has a finer resolution th n the pri ey search .. 

Unfor unately • the ean v lue of FSl in Figur 3. 9 indicates a distinct 

bi t ward a l owet' ft:equ ncy; 118.8 for CinEAL and 118.6 for CELTHRA. 

This ias is believed t .o b c used ?>y the fact chat th second ry 

se rcb is conducted 1:elativ to a vector cent rd in th ti dilation 

bin , with the signal locate,d at the extre edge of that bin. This 

appar nt bias v s the re son for ins rting the post-ZSNIFT 9 rch. Note 

that the particular channel has negligible eff ct on the standard devi tion 

of either FS' or FSl. 

24 



t 

.. 1 

I I 

(Thia figure 

a IIJ 

I I .. 4 

•• 

ard deviation of FSl vs 

(Thia fiaure 



• Figure 3 .10 gives th ean and stand r d deviation of FS2 as 

a function of S/N. This v r.iable is t h frequency location found 

by the p t ZSHIFT search and is not biased as FS 1 w • o·r low S/N 

( <7dB) the error in FS2 is less than .05 lines or .063 Dilz for both 

ch n els. As S/N increa the errot' for CELTHRA r ins n ar zero 

ut that for CIDEAL incr es to 12 lines or • 25 z. The r ason 

fo .r t h is in re se is not known . The s t ndard deviation of S2 for 

b t h ch nnel s is le than .l lines or .125 mHz. 

A1 F2B, FJ, F3A, F3B. 

■ Th variables are t h frequency loc tions found by the 

SHIF routine. F2 is calculate d between th s condary s e r ch and 

the po t-ZSHIFT s earch md is ne rly id tical to FSl described abov • 

F2A and F2B are the fr qu :icy locations found by the ZSHIFT routine 

after the post-ZSHIFT search which yields FS2. The uffix A, B 

r pr ent the two ti shifts pp lied to d dulate the fit: t and l ~st 

halves of t he burst .. For co pactness,. the following qu tion will be 

u d to co press ny pair of A. B shift vari ble to a single v riable: 

XNA/B • XNA + XNB 
2 

Tha t is, the A/B notaton indicate the average of the two ~iiifts. 

(3.3) 

a Figure 3. 11 gives the an nd standard d viation of F2A/B 

e r sus S/N. Here both channels h v the a error, approx! tely • 03 

lines , .038 tnHzt which is amazingly independe t of S/N. The stand r d 

d v iation of F2A/B is also the s for both chann ls nd is l e s th n 

.05 lines, .063 z, for S/N > - 8dB. 
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a F3 is the fr qu ncy l.oc tion found by tlle ZSHIFT lgorith 

after bootstr pping. FJA nd F3B are the loc tions for the A and 

B p s during bootstr pping nd are id tical to F3 for 11 practi c 1 

purpo ~ Figure 3.12 give the n nd tand r d devi tion of Fl 

on a function of S/N. The e rror nd s t nd.ard d viation of F3 is l 

th n F2A/B. giving a fin l erro-r of .02 lin s , .025 2: with a standard 

devi tion of .06 lin , .075 z , s ntially ind p ndent of either 

t he channel of S/N. A comparison of Figure 3.12 with Figure 3. 11 shows 

t hat bootstrapping improves th frequency e ti: tion c. p bUities of 

the recejv,;?r a well a rror p rfo nee . 

R2 2 R2 1 R2Bz R31 R3 

. Th v lu s r e the gnitud of t normali%ed corr lation 

coefficient obt ined a part of the ZSHIFl' algorith. Bee u e of the 

ti offset at the A and B shifts, R2A, R2B and 3A, R3B a re le s 

interesUng than R2 and R3.. Figure 3.13 gives th 

deviation of R2 versu S/N. R2 is Uer nd h s a l r ger standard 

devi t1on with CELTHRA t h n with CIDEAL. Fi~ r e 3.14 gives the n 

nd s tandard devi tion of R3 versus S/N .. AgP.in 3 is 11 r and has a 

· larg r s t ndard d viation through CELTH than CIDEAL, but both v lue ar 

bett:el' t han fo r R2 as .hown in Fi u.r e 3. 13. Thia ia due to th increase 

in sign 1 nergy ft r boot tr pping . 

A2, A2A, A2B 1 

a Th se vari bl • r ep-re nt the ngle in cycle of th compl ex 

coTrel tion co~fficient obt ind • part of the ZSHI T algorith. Only 

A2 and A3 are of int re t du to th A nd B ti offsets.. Figure 3.15 

giv th an nd t ndard d. vi tion of A2 a function of S/N. For 
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Figure 3.13: He n and standard deviation of R2 vs 
S/N 

(This figure 

Figure 3 .. 14: Men nd s tandard d viation of 13 v 
S/N 

(This figur 
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Figure 3 .15 : n and s t nd rd deviat io of A2 vs 
S/N I 1 
(Thi figure 
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Figure 3.16: K and standard de.viat ion of A3 vs 
S/N 

(Thia f igure 



CELfflRA t h n offa t n le· ctually incr a with S/N. Thia i 

d in FSl . One the boot trappin a o iated with th bi 

proce is performed, th A3 becomes v ry • 11, indicated 

in Fi ure 3.16. Her th an 1 ii le th n .012 cycle (4.32°) 

"'11th a s t nd rd dev1 tion of l than . 04 cycl (14.4°). This is 

for both ch nnels and all S/Ns ma ur d. 

TP2A, TP2B 1 TPJA, TP3 • 

■ TheR uur nta give th tf.m di pl cem nt of th 11 

long window of the probe ur nt rel tiv to the tart of the 

N l ong v ctor. Of inter 

du to the pre- hift nd the "B" valu tiv due to th· pot-

shift. The diff rence TP A-TPN is of th ord r of 2NH1 .as xp ct d. 

■ Th meaaur taenta giv the numb r of non-z ro points i n th 

probe• u!' t after thr oldin by 2CUT1 or R.2CUT2. FJ.gure 3.17 

d picts the an valu s of Z2.A/B and NZ3A/I aa function of S/N. The 

stand rd deviation of th ae variablea ar of littl inter· at. or 

S/N > -id both averaa have constant valu • • indicating th nuab 

of non z ro pointe ta controled by th threahold and the channel. 

S ller value• of SlR intt'oduce aore noiae and conaequently 110r non­

zero points in the lapol•e reaponae. the nuaber of such point• i• 

r, duced ft r bootstrapping•• indicat d by coapariaon of the MZ2A/B 

plot vith the ZJA/B plot. Not that althouah th probe viDdOW allows 

for 256 points (NHl • 2S6), only a very a11Al1 number 1 .. 5 are actually 

non-z ro 
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NZ All 

11aure 3.17: Means fo MZ2A/I and IZlA/1 v• S/M -

(Thia fi ure 



• An i port nt probl in th tion of co unicntion syst 

is t he d terminat ion of th s i gnal to noi r t io und r which t he y t · · 

i s op r ting. '1h ynthetic dat on 'hicb the pr nt tudy is b a d 

ha a pr ecis ly ontroll d s i l to oise r tio du to it co tnac-

tion . In a s exp ri nt, h a ur nt of ign.'.l to nois 

r atio r quir c r. Th 81 ulation dat do a allow valuation of 

s ign 1 to noise ratio e ti tion t c nique which could th · b u d in 

as a test . 

· • SNR2A/B nd S 3A/B re ii aaures of th signal to oia• ratio 

ba ed on the ner y i n the ur ·d prob r spons -relative to th tit;, 

· a di pla'ced int rv 1 of equ 1 1 gth. Th acale f ctor in d terminin · 

t h ·s qu :ntiti 

and SNRJX i s if1t d d to approxiute th actu 1 receiv d aignal to I 

noise t' tio. r 3.18 d t)fct• SNR2A/B ind SNR3A/B as i function of 

S/N. The st nd rd deviat!Oll of th • quantitf s r a 11 ( ... 5ds)
1

• 

Also sho 

i deal S/N 

·uality line which reprea nu the behavior of an 

SMR3A/I approachea the equality line for low 

S/'ti but i not uaefol for S/N greater than O db .. SN1l3A/B le nur ably 

indep ndent of th particular channel, however. 

• Alternatively, th aianal to ooiae ratio could be calculated 

by surin the signal energy in an equal •ipal-fr•• interval. The 

ignal ner11 during a burat ia aeaaured •• SJ after bootatrapping. 

Th si nal-fre nergy is aeuured aa MDIV, vbere both quantities are 
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/N (dB) 

Figure 3 .. 18: Measured S/M vs actual st.!.JII 
(This figur 



ind cibel and u Fi ur 3.18 iv 

S 3-NDBV for both ch nn ls . H r th approxi tion 1 b t for 

S"'>OdB and again th p rticular ch nnel in u has little ff ct . 

■ Co binin the two ur yi ld a 

te hniquc pplic ble ov r a wider ng of S/ • Defin 

S1· • SNR3A + SNRJB _._ (SJ _ DBV) N eati t d. · 'T' 

dB 2 

t he su of t he two ignal to noi ratio stimat • Th error, e, 

(3.4) 

in dB b tw en th appli d S/N and (S/N) •tA ted is shown in Figur 3.19. 

Not the ordin t:P. c 1 i xpanded relativ to Figure 3.18. c-r 

S/ b tw n +10 and -1 dB, S/ ted i• within .75 dB of actu 1 na 

i n arly independent of th channel. Fiaur 3. 20 gb th atanthrtf 

devi tionof SNR2A/B and SNRlA/1. 

INF A1 INF2B 1 INF3A 1 INF31 . 

■ Thes aeaaur menta indicate the aignal to noie ~ tio irt d cibela , 

t th ymbol filter outputa, aeured •• an energy ratio of the filter 

h vin th largest output to th av raa• nergy of th oth r filteri. 

Alla.fin ly little difference betw en INF2A. INF2B and INPJA, INFJB wae 

not d, ven though INFlX ha• the advantaae of bootatrapping. Define 

INF• 1/4 (INF2A + IlfF2B + IKF3A + INF3B) (3.5) 

th average of all four variable. Fiaure 3.21 d picta INF for the 

two chann b. Note that IMF ia proportional to S/N only for low S/N. 
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Li:SN, LlN. 

- 'fhes~ meaeu~ementis gtve the :mean aua standard deviation of the 
primary and saconda,ey .fearch algortf~, unde•r noise alone. Far both 
chann~~s, the $tatijti.cJ are neii:ty cqnJ,tMt ·&$ lo-t\g as the rece!ir'e,r 
makes,no misses. If the tf!cefver· .. 1ces!lfiseas, a~:signaa ene~gy 
enters into the statistic and ~hf! •~• of ,the VJt:tt,.-111es lnct~Slt .. 
Table 3. 3 g:f.ves the statistics ,na comp~~ them J1i'tb i,m,se obt.~~ 
independently wttk the RTHRS P'·~ogr~m. 

Table 3. 3 . S~~r~~ Qu~gut~ ~.~~~J ~WI$ llll (Table dassif-i:~J .,. . . . . 

LIN 

■ N'~f.t t~J•t tlt, · '@tfi~t1~~ r1~1~◄~~fi.)I 
~11!)~''1)N4,il~. 4~~g!J. •~ i~ 

(,')'.·.'-<1;,,; 

t~t c~e11:t,lJ, ~V:~t'l,ijle. 
sp.f:Efj;;:~PESIT • 

■·th@.• •:'4rti~~•• _,.,,.::,, .... ,iLu-.. 

st'1l(~@ ,<fev:tat16tti, &t'. 
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the frequettcy Syrf.tbesizer available to the proj.ect., When considered 

in conjunction with the time synch1:onization cabability of the system, 

the performance of the system in :resolving the time, and frequency 

uncertainty of the signal is,exce[lent .. 

4 ~ CQnclJ.1Si0,ns ;a11d .Future S,t;:ud;ie:9 ■ 

• Th, perf<)~ce of· the M1BX3 version of ·.the M7 commun:ica--

tion system ha~ been eva.l1.1ated with s~:1.-~ted i:lJta, co:tfeapQn4ing to 

an ideal channe.1, CIDEAL, and a measured 3.50 min cbap,nel, CE!flrHU,. 

Examination of resuits .at d:ifJe1;ent SJN$ ··iniiicate ·that the ~y~tem 

yiel<:ls s~oi er:ior pr9ba1>i1:itct• ~t~et- daan .. 0001 for S./Ns g,:r,a:ter 

than .... idB,, · yi~h no rpi.:jse·s ·ana, eJsent~a\lly •il:t:o ;ftlje :ai,J~.. Per­

formance· ·wifh ·CiDEl\L ir; ~~P:JZ9~~fj1J 11/!J. 4lt· ·bitt~r tllan. with 

GEL~. Bx#lltibJtipti '5£ ·tp, ~i~Jf•~t:.t~, cjf Yt!ltifou~ ·4tt~trv~i V.{\. ~J1es 

it1tlica.~~. ~q•¢t11•te. ~·~. of' ~~t;:tt~J;,· ~!Pitt @,f:;il".i ,~~~l &JJ. ~!l~~~~t~ 

em be ma4~>. Ettr~~Jr:, tl\e;.a11:io~t:~b¥ •thin• thj ,~~~~t~t>,•~t· :p,~J- ·. 

iotm~s. co~iis~e~tty ~a ,A ,,~,~ti•a. 
1111 Arr at•s~a ,eva~;ulit~Qn of 2~J;te<,,itjs,fmii :iii~r ~c:,n~,t<{l~ted 

cond!~io~. An4 .~9'4µ~~.~ ~u;~~~g~ ~ll· t~~ ·:~~~~~ ·· 
fu~,~~t; ,,.,t~· ~r,i.~;,;~, .. iii 
w~rh , ~ij~f ,~;en/f~tt pf;,;i~t~.:g 
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APUNOIX A 

Detailed Specification of M1mA • 



S Y S T E M 

.. _BX3B - SPECIAL HIGH RATE VERSION F"OP. 1 7a NSUA 
LARGE ZSHLIM F"OR Hl!3H SNR OPERATION 
NH0 = 16, INFO= NSUA-NUSC7S0 

0$ FEB 79 A"[ 08~4 Hf~ 

ALPHABET SIZE, NA 

BLOCK LENGTH., NB 

OVERLAP COUNT, NE 

·F()ST-DETE,:TidN IsLANl<ING, NE1 

SYNCH LP FILTER LENGTH, NM0 

~~OB£ LP FILTER LENGTH, NH1 

HiTE~POL~TlON TABLE lNTER"!'2'.E~9 SIZE, NI 

NUl·HzER OF ans / CijAR~¢J.tR., NL 

TOTAL NUMEE~ OF LINES S~AiCI-CE:D, NM 

ORDER OF IN'FffftF'OLATIO.N., NO 

SYSfcEM O, NO 

1..t4Si S¥ht'.ij◊L L.~~G'"f:H1 ~SttSl'f . 

PRit<t~'RY PR~Cil O.~~L 

64 

10 

S12 

4 

4tS 

,4,;115 



PRIMARY TWR£SMOlJ:h tt1i14,tso 

SECONOA"Y THRESH8LD, FTHftSt 

"'YNCH R2 CUT t4EV!L., 'RJR-~J:Q 

PROBE R2 CUT LEVEL, RSRATt 

BOOT RZ CUT LEVEL, R?RAT2 

... CONDARY SEAR'CH Wtl>T<H, J.>Ft 

BOOTSTRAP SEAROM JHDTH, DF2 

ZSS-:!FT LIMIT, ZSHLIM 

N$Q~.;;N~SG·711 

3.73. 

~.,tee 

t .. t ♦f 

t.ltf 

t'Jft 
,t\fii 

~k$i0' 

etj,.3£ 4r411 are<:z 21te 

•••• 



,s~, s~t&, FIO!t 

M7B~~AS~Tl0N.III 



• 'If.[ ,,, •. 
RECVR ; 1 t FE,Jt 79A - :.Bt..:b~K ·SUttMiRY tis: i'•': ls" 1110 i~St t7t Si 

M7!X3A - SPECIAL to;;g R~~e ·Ve~sie~ 'Fi;ic''\ij':n~P:'~ 
NH0 ; 16 , INFO = NSVl-NUS(:;7:li. ,, •. 

3. OCT l.~ . :A:T, S !~,!? ,M~ 
. NA i'fi ~~; · ...... ~~· 
64 ,0ss 15 20lia 

:ZSHll tt FTRRSO, 'Ft~1'~t lRZ<iU'T'lt lt,~'q.OrJtl 
o.i~e a.a.as 3,7~0 f· .. 1.,q ·<f.1tf' 

1(12013 

12 OCT 78 AT 133~ ~1' 
Nl< : 4 NlV : 512: 

H7llX3 Ti4~()1JGM Cl DS~l. AT • 1':'T• .[iJJ;.,1:,f~ '«>',,. 
Tt-ll'5T ; t ts. < Zl .. ·s 'KT . l l !RF~; '$ 

1 G APR 1, . AT 1.t:rs HR 
stA&ttNa.» ttft~. . \;~;~\ :r lJtf:ti ts:s : 
CENTER FREQUEtJtY ·: a;f~ lrfte<·' 

~.0 
33.,3,; 
f! .. 69 

1F\S0 11,, .<3i1: 
0 .. ,24 

-tt~,~•/ ··:,-:11lfl,t11:,• 1
" 

1;fi:,'. 

L1. 
si~t,1~ 

~.11 

l Nr2A It~~~~ zi:·:i :~~•.-z:~ 
0:£'2 ,, t•.;? f:.,l' 

.,, : 11t'E·0, : < 

,s~; 
·1'. 
,f ..... ·· 

1~1t·· /. ;;\;-·,; 

.~·· J~11t: '/) 
C~~ ~'"I ~it 4· 

NW, 
tG 

"ll'5ie;~i ~,•s 0 



M?BX3A - S~EC I•AL. HIGH .. RA~E Vt~$l '~•;·:.~.~.• .. •~ ..• ,~•.?J, N.~~~ 
NW~ : tt; , lNFG = NSU ..tvro• 

30 ocr 7f ~T. 11,e!r H~ ~#"! .... ·.rte!! .... ! .. ¥,~!) J~.H/tt,,.:$ft , 1,.~, > . 
·~A ...... ~~. t'fD. ·.·· t;e n!v. n~w ;,t-tf N~ •t,9 1NQ, :~:,•. ·.)~'t;. f:IT\~J-Ti Nloil 
S4 <4i9i ii~' ,2-a◄:~ t4'. t•fi' ,asi,• '~:1/2 ·i a:~· i 4t;9 ,,4ll:S • 12 S li 

~?.~~JM F'ft~~•S~ f''TH~$-
~ .·200 ~~2$'5 3~130 

RZCUtt ~~Jp:rjf ij.~~~tr~: 
0 • Hf~: ,~ .;,t~~. (f.·'··Hl~ 

~Et 
1;,af 

1<12:013 
K STREAM FoR-H7BX5 

12 OCT 1t AT 1330 HR 
NK : 4 HlV : 512 

M?BXS n.R◊UGM CtDEAL AT +s,.o l>i SNR 
114 l ST ::: He~ C 21 .. S )( 1 > .J l;NJ='O : 'NSU~4N.U.$"(ft,a, 

03 MAY 7~ ~T 1047 HR 
5-TAlTlNG Tit:1f: 1'23 : 10 
CENTER f~fQJ.~·•ENCY : 'era~ .,~0.0 

rMBOL E'.ft~G'Rf ·;ay t.~GA::'f'.1lrON · : 
Q,. ""·; 0~ 
0. 0. e. e. ,, .. 
~. 0~ 

Lt 
!3~~ .. ~ 
M .. 0S 

Lt 
S4Hi'77 

1.,./1,1 

:fist to:,,~ 
1 t~; .;£H J .!,;!," ~:i, 

Pi.4;,·•• r~.t;) 

tfQ :::: 4 
ci..otik ciR~\1~~~1eY 

3:S1$t1~·. :$'tt:tl.qLi> 

L.'!· 
,tt·,·:.~I• .... 

,x,eti}··• 

)o~f#se·t • 
i;"sJ\i~f:i .. 't 

,pt::~ 
1.r~,91,·• 

tJE1 I $V~LG 
~j!,:t 0 

~ ..• jj~~,y.,i~~ 

te1,,,,. ttt5-

·~:.,f~Jfji•·· ~~<•~·¥ttJ 



" I 
t 

7 BX3A - sPeClAL HlGH R~Tf;; v,~~tv~\'F'~' l7e 1-s.u•t 
NH0 = 16 1 INFO = MSijA ... Nt.JSC.780 

30 (JCT 78 AT 1 t0e HR 
1'14 NB ND NE 
i:4 4~86 15 204:8 

c RETYF'l~·D ~5 J~N '~i,:,~;E ·eis:7 \FfR > 
N~ NMt NRt ;fiH Nt: ,NM · ,ti:i.o No. !(s )N$L_ f{10 Nn 
10 us /'ass ,,n-z lG;;a,i·t ;cie -1- ,~,;s,. -:.:~:;i)'s • :?, s 

ZS~Lit1 
,,. 200 

FTm~se F)T,~P.St 
s .. zjs 3 .. 7a0 

12 OCT iS AT 1JS0 RP. 
NK : 4- Nl\/ : 

~2,o·ote, tt,leon 
t3. i 00 .. '0 .100 

NOV: 

ft2G.t.i,t? 
i~~tc00 

~17'fI:,3 THROUGH C IDEAL AT ~ .@ DB SNR 
nu $T .~, ·t 19. < 21 • 5 RT J J lftFO = N$0~f~•-~t>ss't·J 

NQ =· '4 

bt01 
1~000 

17 AP~ 79 AT 0752 MR 
STARTIN~ TlnE 197 7 
t;EM1£:.P FRt;:Cn.teJ~CY : :204 .a"0~ c~Odl< f<tefftij¢f 

..,-rM,vL ERJR©t~S<>i'BY t;;Ot/AJJ:1,~~~ ·: 
0 •. ,, ~-~ 

LO 
1-2.iS 
$.4-~ 

,p-:s~ ,FS1 

L.·i 
8~(.~~ 
J+ts 

fHLM t'iS .• 7¢ 
\) .17 

L:2 
S.3)87 
111%t;,f7((J 

aesi . ::s~MJ(ff.ti 

L3 
ta:~j,\fj 

1 /ts 

,(1~'.t;.{ 
1·1rs.raa 

~'-'21 

nt~ 
.0.00' 

IN\liLG 
0 



, •• • j {''I{.?'~ 

RECVR • 1 l FEB 7,A - !J.;<J01< StlMt'f.Aftt i"1 t·: 1
' ~,: '.lf 'T~ "':tt t :, :et :i55 

"'BX3~ - spEcI~t. FllGJ4 IATi ~~R?t~~ ·r~~ '7i 1NSUA 
N~i :: u; , l NFO : 1'4S~Q~tqU'SC.ltt 

1'arir "e1~.st At > sei pct r~lAT 11.~, .~t· < ttr:,;:y:tt;p 
NA NB ND NE NG NH0 tH N~ 'NM ~O ·NQ NS NSL. NTO NT 1 NW 

. }512 'iS.<24'0 e'.2 4 409 ·.«,fi5 " 2 5 i,S S4 4~SS 15 •Z:i~s 1 G ts 

ZSHt..lM jFtJ:t~S0 
0.200 J.235 

FTSRS1 ·.R?COTi ·R,?~t)Tt 
3 .:730 <h H!@ 0 .,100 

12 QCT 75 ~T 1JJ'0 fl~' 
NK : 4 NI V : S 12 32 

Rzeut:t 
e.10:0 

OFi 
1 .0:J.~ 

MtBI\S Ti4RQVGJ.A Cl l)EA.L ~T •S .,0 :QB SNR 
Tt>JIST .= HS. < 21 .. 5 KT > t lNF'.1.:) : HSIJA£N0S'C7! 

:ee i:t'PR 79 AT' 0~0.t HR 
StAlnrnG llME 110 .· , 
t.E:NTEf?: rR;E&\.(ENCY ; i0,4 ~Si~~ 

4 

i;:r .• sii!tB~ti.: ,.~R'~~r,;s 

i;J (M~Ql, E~GRS ,~y. ,;1_2~~{41'.tO~ .•. ;! 
e. e~. e~ 

1...0" 
7.'!sl4-
z. fr,L 

Nr. ~ 4 
Ct..OC'R F1RE~.~ENCY 

'I~~ 
4~'.0. 

11,sz.l. 

DF2 
1.000 

T:St 
1,,,, 

5. 

NE1 
4096 

lNVFLG 
0 

0 'lHS. aeta 

'1:4ie~. sits 

r,se 
0,. 
$. 

T$:3 
0. 
4 ... 

Fa.~ 
1 lS.,.;(a:~ 

0.03 



.... ·BX3~ - SPEC!~( H'l.GM ,~~;te; v~ijs;fON f;~~ •1?& NSU~; 
NH') =: 1$ s HtlFO = NSUA .ffl6,~· 

30 ~CT 78 M H:'89 HP. C RS!Y:I>ED' ,~i 
N~ NB till ;NE NG t~~·~: . /~~'~ 
s4 'f:,.0~s i,s 10,f~:." t0 l~t •zs~ . 
Z:&HL.J'M t:t.Hljij !f'fit;t~~t R~~t!l~;i ;I~~:9~j] ·. <ij~~.~!~ 

0 .• 2:00 J,Ctsij 3:. 73~ 0.:~1,~e ,~ .. l~ ,0,·~i0•~ 

K1ZOtS 
K sitfit?itf feR M'texs 

1 ~ OCT 78 ~t 136~ gi;; 
NK : 4 MIV :: 51'2 32 

M7EX3 TH~Cl!GH CHlEAL AT ·•7 .. 0 b'f!• StitR 
T~ !S'T ;; 1 ts. \ ?] .s KT ) ; 1r,F9 :i NS~8i~JJ~ti?;f; 

05 M4R i'S Ai i0SS ti¾R 

' N~ 
~ 

J)tJ 
t,.t~0; 

ST~R·T I NG Tl ME 64 ! t:0 .Si : 0 
CftfTaF! f.R'[OUENCY : 20~•~&~ii 

f;f9,: ..•.•. \~ 
Ct;O~~ • °F~iit~~.tiCY 

bi2 
{~00,j: 

'~Sl rNfFt;~ 
.~;~~§' 0 



►<' 7EXj~ - SPECIAL HlGH 'RATE V.ERSlON FOR -t'.7~' NSjA 
N~0 ::: 1S , INFO = :~f$~A~ij~$<.ttJ~f • . . 

s~ ocr vi ff 1l;,~ Hit ~~t.r#ip ~~.• J~~i.Yi•: ~~. ,: 
NA ~a ND · NE NG/ NH0 · ··riu+i :i4'1 · · Ni " ~ 
.~4 ,4:,0·ss ts ~~;Ja' H> ,ts 2s~ sli · t ~J;~ 

2SHUM f!H~S0 FT:,J;t,~$1 'lt2CUT0. '~20'0TJ' ;Rltt1T·2 
0.?00 3 .. 235 a.fa~ 0.l0tb e.,t00 0r.1100 

12 OCT ;e. AT t:33:t HR 
tu< ~ 4 N1V : 

f'fiBX3 TH~OUGH CtDE·AL. AT -~.:~ oj SN! 
nn ST = t 19. < 21,S KT ) ; fNFC> = NSUA-NVSC~8 

-05 M~R 73 AT :~756 HR 
STAR:·i!t¾~ .I HtE 64 : . 7 : 
CENTf:R ·wJ•{EQU.ENCY : f04',S0i' 

su.ts't:s 
~. I ~. ,$¥.JftB'OL flR~o'ts 

.. ,na.ot. ttRQ'~s· ir 'U,OoAmt°'N . : 

l...~ 
s.s'§ 

NQ: 
CLOeK 

ase0:~ 

j~F'i 
'l-::tl~ 

i'.s;2~, 
;;.!~,. 
s. 

NU 
!ib• 

ilivt~:G 
;~. 

t\S:;; 
f .. 
5. 



""BxeA ··~. sPec1:i:iL• ... w1i;GH:1;tt~tr::.··vijRs;1iptt·.11J;~R•ii"11t •N.,.Y~" 
NM0 = tS , !NF'O :;::. NSVA-•Ji0S,Q780 

3" OCT 18 AT 1 t:0$ ijR c 0IRi.TYPe·o .'5 J:Aiti 1il..;i]tl:t.t~:s:z; Jt!IR > 
NA NB No Ne 'NG NH~ NfN ttU N~~ ~~. t-tt, NO NS Ji,~ NT0 t4t1 NW 
04 40,SS 15 204'8' 10 1:~: 2:SG· 51·2 Et·· 24,qi 32, ~ 4:f'St {4l'.fFS f S 1.S 

·ZSHL;.tM fit:H~~~ fffi!:iRSl RZGU'T0 ;~;zeut1 tae~~~· 
e .. ,00 3\2,~$ 3 .~3~ ♦• 100 t:~ i~f '0. ijD.t· 

f<i·t20fS 

12 OCT 78 AT 138,0 WR 
NK : 4 tHV ·: 512 NOV: 

M1Bxs 1w~~VGH tf n~~t. c.~~N~EL ~r -1 e.!'. ~~vs~R· . . . ... • .. ····• 
TWIST = H;S .. < Z,L·S KT ) l I'NFO = NSOli~~~SC:78 

2~ .• ;"EB 79 AT. f;SSG HR: 
STAR:r l1N,G. T lME 52 : 8 ·se, : •~ .. NQ = :4, 

bfi 
t .~l~· 

CENTER FRSQUENCY : a0i.ltn0 c1;;;oc,1,t:, ffR~~ij:~~~y 

a·a~.;. J,ij~:s1r$ ·· .. 

,ff!?;' 
t..(~0~, 

He,1 '!MVFLG 
~e:as t 

1 • 

TSZ 
-t. 
s. 

TS.3 



RECVR : 11 FEB 7S~ - ,IL:OC»< Sor,i~RiY ·• · ;c$J: ,fe,:• 129,:':t!,O 

"BX3A - SPECIAL. HIGH •Rij1ftE VERSiIGN 'FOR 1 '18 <NS,Y$ 
NH0 = 1 s , lNFO = N!l\JAi~t;tU:~e:1•#~" .. . .. 

30 OCT 1$ '~T ~",1:0,$ ~tit <. ARE~~~~t, ~!ii ~~tt 7~ ~tr ,~i$.7 :f:fi ). 
NA NJ ND NE ijG N~~ . ~~',1 ,,.~t NL NM fl!;Q iji) ,,;s ,N.~,L. ~N!t ftT1 NW 
,s, 4ees 1 s :204:a 10 1 s 05'S ,S1ta is ~,:0 ~,i •i 4:18 a.1's ;2 •s 1 s 

ZSH!...lM FT~RS~ r'tHRSt .,,acute RZCUTi R2CVTZ 
0.200 a .ass a .. 'i:c;e 0.,l~G <Lt~:<~ 0.1,~t 

;DF:1 DF'.2 
f •'~fQ' '1. ,; ~~.Q 

NEi INYF't.G 
J:0a~ 0 

1.2 OCT 78 AT 1330 HR 
NK : 4 NIV : 51:2 

M7BX3 n-ntOUGH ClDE~L. AT -11 ,.,0. DB' .S.NR 
nnsr = 11~, ( 21 .5 K.T ) ; M'iFO ;: NSVA,.;iNtJs1ctt 

27 FE!. 79 AT 1:us MR 
Sf ARHN!;i TIME . . 58 ,! tts 1>S' : 0 N.O = .. 4 
C~l'ffER F'.R•eQ\;Jf:NCY : ~04. ~~~ Ct.0¢K Flft60V~~¢Y ·0 ·J:1,:;s .. :a~.~ 

ia:tee. tnt aae;. ,.,uist:,s ·w·~,i~f sist . ~rl'{Bpt;s 

1. 

'f,sex TS3 
t. 
$-



.. 78X3A - SPEClAL HlGH ~,.TE \tERS\H)N: ,Jf#OR »7e, NSUA 
HH0 = t ti , INFO : NSUA...:NlJSC7Sf 

30 OCT ?8 AT 1105 MR C RE'T'ff?ED t 5 .JAM itl ::~:'E ,:rs;t ~ft ) 
NA NB ND NE NG Nfi.{0 NHi N l NL NM NO HO :fl{$ NSL.. NTi NT1 G4 4<.'SS 15 214$ 10 ts ass s,12 "• z~~ 12 4 .it.1~s ,.,'.ts · ,2 s 
ZSHLH1 FTHRSfa FTMRSt R2CV1'0 RZ€QTt ·R2CU'f2 DFt 

0 .200 3 .:ass s., 730 0. 100 0. 10~ 0. 1010 1 .. ,100 

12 OCT 78 AT 1330 RR 
NK ; 4 NlV : 512 NOV: 32 

M7Bx3 THROUGH IDEAt. CHANNEL. AT -i!.0 OB SNR n.wn :: 1 1 S. ( 2 i • S KT > ; tNF"O = :JiSUA ... Nt.fSC7! 

28 f'tB 7'e ~T ~822 HR 
STARTING TINE 57: e 
C~NTER FREOUENCY: 284~&00 

37e. &VRSTS /7$:~z 

~ tt1!0L E]~RO:~$ b LOCAlJ.ON : 
s~ G. 9t 
4. 13# 
5. s. 7. 

L0 
4.as 
0.74 

Lt. 
s .. as 
0· .. es 

L2 
#}cii73 

.. ~y .. ,,s 

22: 0 

12. 

l.3 
1., .,ta 

1.34. 

NO: 4 
CLOCK FREIVSNC.Y 

T:1it 
17:.3. 
7~1.• 

l'iff2 NE\f lfoifVFLG 
1 • 00tl, 4'0a'.S 0 

TS1. 
e. 
4·. 

t · ·8't$.. 2H, 

et.S,:B0,·.•· 

TS2 
~0. 
s. 

TS3· 
...:0 .. 

5 .. 
FSQ FS1 

11a.&s 
i-S•f 

FS~ 
118 .,j$ 
. a .. e:s,, 

FS3 
1:11,.SS 

~.0;~· 

:F'.i Fa~·•· :Fia :j~~;.,, ira~ r;:zsj 
111J.;a~ 1ia.·i:~J 1;11.,a:J'~~· 1.·,t:i..::sJ ,1,1>!¥i·i,i it&i.,~.0 

1 ta .a-; 
t) ... 33 

.&z ,ftrA ~,ta JJ R,3~ ,. 1,.:~,~;i. 
t .:s13 c, 4~3 t. ~vij e .• s~'~ 0 :~14 e•:,~:~i <Lars 0.,;,i~~ ·Q,.:?i·4 i1,!fttil 0.,~s? ~&tif'?~ 

ri;a~ m~?·I 1,s . .:.ati. 
~7,. 

INv:rcg ns~2i ;H4F3~ L'Nf:i~rJ · ;!!,3 
l tJ • >;: 1 ~ ~ t ti? • f' fj ♦,\:i 
~ _ e Q.~.~ e .¢. f;.~;t 

J1t>111•'e!"-'Y· ··}(~;§ 

;~k:i i 

'0. 31 ·.0',;0.7!1. <~ .,;~~• ~ .• ~S; t' .. ·.0.S. ·· '{h 04 



' ' ' l 
' 

',(7BX:3A - SPECIAL IHGH 8AT:£ ~eRS16N F:OR '7a tiSUA 
NHG :: 16 , INFO : 'tfiOfi'.:..'~0$~781\l 

30 OCT 78 ~T 1'10:9 HR < 'Rl:STYR~:O tli .Jr,j.~ 7~ :AT ~"tSJ .J-iR > 
NA NB ND NE; N.G NH' . ~'?l fil N~· jt!IM ~o JiO NS f4·SL, ·~tr,; N'fi NW 
Sl4 40:S'S 15 ~~48 t0 ts. ,?!:iS :~12 :~ z4,0 32 4 i~S ~1:5 • 2 '5 1S 

ZSHL l M FTHRSQ FTMRS.1 ~2SUT.0 !ZCUT1. R2CUT2 D.F.1 
~.z0~ 3.eas s.n0 0 .. 1~,0 0 .. 1<,0 0 .. 10~ 1 .. ~t0 

k12013 
K STREAM FOR M?BXS 

12 OCT 78 AT 1330 HR 
NK ; 4 N I V ; 51 2 NOV: 

M7BX3 THROUG11 Cit>E'AL A1 -43.0 OB SNR 
1W I ST = 11 S. < 21 • S KT ) : INFO. = N$fJA,..NUSCi'! 

91 MAR 79 AT ~019 HR 
STARTING nttf 60 : 10 } t9 
CENTt!.K F'RE.OUENCY : 20tl, • a0t 

tM~Ol ERROR4S BY LOC~T!QN : 
~z. ~1. 22. 
2.e. sa. 
r~. ts. 1s. 
Z:7" 40. 

L~ 
4.~.0 
0.sa 

·FS0 FSt· ·· 

Lt 
, ... sr 
0/~$ 

~•i, 
1.l:38 e~gs 

0 NO: 4 
CLOCK F'RE0Qtt!~Cy 

asae.. ·s1-rnaots 

L.3 
1a .. 2t 
1/36 

13. 

TS~ 
~4,)1,. 
7/17. 

D~·e N£1 INVFLG 
1 • ~e0 4-~&.S t 

'P$,1 
,if,. 
:5,. 

15. 

rs·~ 
'!"&;, 

S'. 

T•S3 
-'0 f 

E3. 

t t~ .. ~~ 118 • 85 
~-36' t;~;i 

f:,'$'.~:.' 
t l'~r~:,sts. 

e~~it,!s 
tsG 

11~.~R . 
'0*~;,'. 

ft$ F"3A tf:'.$B 
t11t~j,ac.1Mi\ah;;;;:~s t.11s.~• 1·1.s.:a;1 tt~.~, 

0;c;::0:i ,.,..0s ·e ~ 04 
R2 ,,tg~ :ft2'~ !\.~ 'ij!:) tai 

~-48~ ~~3.~7 ,i ... ~~~ :~}$:'~, ~ .. ,,~, ,~;~!! 1.~h.i\S?;~ ~i.?;i1~ <a,.~·!iJ ,\0':tr;j j·. ·11$J~, I'~r.1'~~, 

rras:r tf~.~ reeA 
1.esS:. ·~~-

•·. ·.• ' ... $\~.~!. . ,,~~ 
1~f: ... ····.: .. ,,:~·~/•f)~·~:~·,.:,".>~}~·1 
~r-~2~ 0.:~1~7 .10.~~7 

~ijF.$fl ft ~f ,;l~I~l:~)jj ,J ~ .ll'.ff!\!J$) M2 

:,·~i•' 



~7BXSA - .SPECIAL Ff'lGR Yt~r~ V~ffS"l(()~ Cf~ft '"~a N$QA; 
NH~ : 1~ , HiFQ ;; ·ti4$VA-iNOS:¢'7:gi 

30 ec-r 1a ~T 1 tee HR < R'E'TYPED 0:s J~N q.,"'.,.;,a,.1. ,,tr,J:.,!',,L· 
NA NB t-H) . ·~~ NG MM~, · N'1:i ··•··.· .. 1~!i: 
S4 4:0St5 15 2116 1i tS.. ·.~~.§; ~,f/2!• 

ZS'4t. rn FTHR~e Ft~it~,1 Rtcilt~ 
1l,.a€l0 s.2as. s~1s0 0~1)00 

12 OCT 78 AT 1330 HR 
Nk: 4 NlV: 512 NOV! 

M7BXS THROUGH CWEAL AT -14 .. 0 013 ~~f'( 
"f w i ST :::: 119., i 21 • 5 KT ) ; H~F:O = '~$.VA•NU~1076 

(;}2 W~R 7S AT 12ze HR 
STARTIN~ T H1E 61 : te 2.~ 0 
CENTER: r'R'E.t)UENCY : 2t)4 .,80~ 

~:2~ BfJRSTS li1jl 
2Ji4 • SJTittBG# 1~tl\~i~ 

.,trt~ot..··. E~ioj$,iiY:,:t...~q~~fto~t!:·• 
. . 4:4 ~ . . . ., 43 " .. . . . ~~}~ . .;i.2 • 

ZQ., ,;f's. 

Llt> 
3.'S'4 
0.40 

Lt 
4~:30 
'e~i~•t 

~·~· 
A'.f:$•·· 

;·.';i)'ti?· 
•.1\.,~~~. 

is2 
-0, 
s .. 

:,f{lii 
ii!; 

fN\lFC.:G 
ft, 

TSS 
..:0. ,. 



.. , 
REGVR ! 11 FEB 7:9~. ~ ''LO'C:l{ . ,1$UMf\t~R~: 

"8X$A - ,ft;C(tAL. fN,GH .'~·~~£ 
Nrf0>. = . ts # lRFtt :;:' 

\'.\,:···,' _././/\t::--_"' .· :,'., 

rar J!;:j:~r ~if ( !Ji '; i:s1:t),~1,::jf,;t}ii'. •}IIJl,,,"\~~ .. :\.•,,;;Jt;,,.; 

;. . ND ' JNE : ~~/ ' ,~, '1t<(J 
'-09Sl~•t !rs 12,:i:a ;1.0,, •·· :t~ · · itt2 

~<1:r . ·" 

2 E+l!.. l t1 FiB~S~ Pt~Rii 'Rt5~.U1-'0, ijjijijj-;J .· 
(,, • 2ta~ J • ~ss· ~ • :is,j 1 .. 1;0"' · 0.J~~ 

~ l:.,; (; t3 
· K s'.fiE~f!I. rt:OR /Ml><!;i 

12 OCT 71~ AT 1 39'0' ijF; 
NK : . 4 NI'J/ : Sl2 

M7B:<3 1·HRO!.J~b{ CEL T~~A, CH~~t~9L. At +l'th '1$8 ,~.~:~ 
nosr = r18. < zr.:s Kr > , !'NFO =· ··t1s.L1~--tJt>,sc1a:. 

! S AP~ 79 Ail" :!3~4S'H~ 
No·.·.~ .J· 

1;Nif.t 
5 

;ijtft IN~FLq 
:~09S 0 

Sl'4R11N~ .. ,T1f1E ura : 7 4'9 
CENT:f:R F

1~e~VSNC'r ! ~~j .400 Ct..e>~, t,e~~~~ij.cy ; 11'.''i l:!:e, ':Z,1'0' 

0~.t 

:sYH~OL 's:~i'O'R,S 1BY .•L1i'OGAff:tf;ON ... ,: 
0i{ .; !b.·· ii .. 
l_:'u. ~t;~ 

1..0 
2l«i'J 
~::<l,~:ia 



ReCVR; 11 FEB 7SA - BLOCK SUMMARt 

*'7BX:3A - SPEC I<AL 141 CH Rti TE Y ERS t ON i:'OR '78 NSUA 
NH0; 1S , INFO::: NS1J!Cl ... r(JSC780 

30 <:CT 78 AT ii05 HR { RETYFEl> 06 ,J~ti 78 AT 0757 HR' ) 
NA NB NO NE NG NHt NHt ru Nl Htt N.O NQ NS HSL Nrt NU NW 64 40SG 15 2048 10 tS 2s .. $;12 s 24.t 3'2 4 4,t9 415 2 5 1$ 

ZSHL 1 M FTHRSG FTHR$1 R2CUTe tzcvn R2CVTZ 
0.200 3.235 3.739 e.10e 0~1ee e.1•1 

DF1 
1 ,,e•e 

DFZ NE1. !NVF'LG 
t .000 •0~s 0 

K STREAM FOR M7BX5 

12 OCT 78 AT 1330 HR 
NK ; 4 HIV ; 51Z NOV: 

M7BX3 TH~0UGM CELTMRC ~T +5.0 DB SNR 

32 

rnrsr = 11S. ( 21 .s KT ) ; INFO : 'NSUA:-NOSC7$. 

e4 MAY 7~ AT 1050 HF 
STARTING TinE 124 t 10 S9 NO= 4 
CENTER FREQUENCY: 281.800 CLOCK FRgQUENCY 

389. EORSTS 3880. SYMBOLS 

_,fMBOL ERRORS BY LOCATION : 
o. 0. 0. 0. 0~ 0 .. e. n. ~. 0. 
C•. 0. 0. 0. 0. 0. ~; e. o. v. 

LZ L3 TS0 TS1 TS2 TS3 
HL03 
iLZ.e 

Lt 
3a.si 
2.43 

7t .. 22 
L 1, 

140.84 -12J,:3 .. 1 • -1. 1 • 

FSO 
i HL!S 

0,44 

FS1 
11a.ss 

0.t~ 

f"S~ 
t19~~G 

((}(00 

F'S3 
HS.~,t 

<)..,(!;('½ 

RZ ;-zi::i R2B RS R3A R~B 
0 .. sss 0.s?2 0.s21 0,,gs2 12!~•95(> t .. ,sst 
0 .~;.:s '> .~2s 0 .0J0 0 .ets ~ .~·1j ~ .0a~ 

TP2A TPZB 
t5$. -327. 

trir~~ 
t!'*7 

i2' .z: 
i~.5 

<~ 11 :J 

TPSA TPJt 
152 • -S;S<'i' • 
'$~. s:e .. 

:Nr:.SA lNF'SP, 
1s.,,s 1s,,.s 
·~.a o .J 

21 .s < 

NZZA 
,.:i,. 

(t. 

1.13 S$jt z. 1 • 1 • 

F2 FZA F2B F3 FSA F3B 
11a.ss 11a.,111&.,s7 11a.sa 1.ie.,sa 11a .. ~;1 

~.t0 0'.13 0 •.. 15 0 ... QS t .. ·t4 0.t4 

NZ?~ 
3. 
6, 

AZ ~ZA , a~B , ·. ~s ... saA . i:.aa 
•~'.•;Jt$S~~~~.t~~~ .• ,f()J~fl,,",;~~f-4)t~0i,~! .000 
f.,~,i~ "~ .• ~~~ ~ .. '1~e .~'(,,~~ ... t, ... ie~ ~1,.0~0 

NZSA NZ3! 
.4. e ... 
(,. j,. 

7t:!.) 
2.1~ 
~. t2 

SN~~A ·s'r-t~:t1 ·SN(4tSA SNft3B 
-+:;;h~' . .;..~ .. t -~ ~ 1 -2 .0 

fQ.(2 ~-2 !l .2 0 .~ 

LtN< 3!\0.) 
~, .. er 
~-rf~ 

i .4fs75\l0 

NO!Vt S0 .. 1 
-1.3 

Z~5 



·:sx$A - SP:ECi AL Hl GH RATt VERSH>N F<:>R 17t NSV~ 
Ni4(1 ~ t .~· INFO = N~Va-~ilSC7f~ 

Jt "JCT 78" #!tT H0S rift 
N~ N~ ND NE 
;4 4iSG IS 284! 

( · !·ETYf>,t:71> is .J~N 7.8 ~T 01$1 . l:lR > 
NG NH~ NHi Nl ML '.fir( NO NO NS NSL N:f0 tittt 
10 ts t?SS SU! S 2~0 3.2 4 405 415 . 2 S 

NW 
16 

ZSHLIM ·FTHRSe f'THRS1 R2CUT~ ~ZOUT1 RZCtJtZ DFt DF2 NE1 INVF'tG 
~.2:c,0 ,.2ss s.ne 0.10e 0.1ee 0.100 1 .. 00.e 1.000 40S.s 0· 

l( STREHM FOR M7BXS 

12 OCi 7t Ai 1330 HR 
Nk : .1 tHV : St2 

M'iB,<J TJ-l~;)UGH CELTHRA CHA'NN£L ,A't t.~ DS St4R 
Tt.;IST ::: H9. C 21 .S KT ) ; lNF'O :: USUA-NtJSC7! 

1S A~~ 7~ AT 0917 H~ 
STARTING ~tHE ,ea: • 17: I NQ::: 4 
CE:tHER FREv!JeNCY : 204.llGi CLOCi< F•R;104t~NC:Y 

tS'S0 • $rt:1,~ibS 

t tu,. Ztt 

a,jAl. ;B•l TS 

~YHB0L ERRORS BY LOCATION t 

Y• @. ·• 

Li:, 
12.G! 
5,02: 

u 
ZS. ts 

1.1a 

FS0 FS i f'.S•2, 

l2 
47.41-1' 
1.47 

0 .. 

0. 

L.3 
es. 3:S 

1.55 

TS0 
-ai·e. 
1.a,a. 

0. 0. 

'0 .. 0. 

f!t rs,2 'tS3 
1" -1. t. 
?. 1 • 1. 

, 1 ~i • ss 11 a • sa 11. s ri9 
0 , 52 O • ~.':t G • 04 

f'.ff3 
119;1#0 

~.04 

'.F·2 F2A. .. f,., ...... ·:f3 'f3A F.31 
fH~.,5•$ Hi .. as tia'.·.;~7 1HL~J 118.98 1f8:.SS 

~- r~ e.~4; 0 .. ~~ ,c.04 ~a.,~ .0 .. 04 

F??F' 'tt;~:e . . .·• ~a . . :~iA . . ·"'~at 
0 • ~. $141\. ,1}sii7 e .·,1'.t ,j.,;,,..a:a Jh'"•Si 
e. iJss 0. 41313 13 .034 e ... ~2;~ 0 ~<>:2·4 ~·.~~t 

r-n~ irf!, 
144. -34.'3. 
60. S4. 

T1'!5A fft>:~lt 
1se. -s1g. 

s,.e.. sa,y 

i NP.::~ $ t>ff ZB I NF".)A n.f~~1£ 
.2 12.e 1a.2 :•.1 

0.4 ~.s ~-4 

N2'?,A 

$3 
e .• 7 
~!'r:, 

4. 
fit. 

j.a i~t8 .iY.~~;· .··•• .. , .$a ... ,i~~:· ·.··• ... ~~:s 
"i iiie~•·•~0!~·t· ... ·. ;t~1-.0 · •. ~.~~--~ :•iiJ·-e. ~.~~ 
~f~--\~ ,0 .. ~0~ ,t••:f,~ f .. if,~. ·~)!',,1 ,l.a -~.01 

.:~Nft'~,:,·· &r;~gt :~w~.a, s~~se 
· · ~.:a:~:1 ,,..s. 1 -a .a -.21 •. e 

l\1~t· ;.,JO·~. ,~.3 o .. 3 

t.O:U< r3.4.0. ) t.. iNC .. , 1{3) .. > ~r>:~Vt 26. > 
z • 1.1 •ZJI·ae · , .. z .. 1 
~ . 1e ~. r~ i ~ e 



RECVR: 11 FEB 7SA - BLOCK SUMMARY 

'EXSC. - SPECIAL MISH RATE VERSION FOR '78 NSUA 
NH0 = tS , rNF'O :: NSUA-K\JS\t?i• 

3~ ,;.er 78 A'T Hi$ MR C RE·TYP>Ei> .~5 .J~i'I 7{!; ·tt~ 07:59 MR > 
NB ND NE N~ N!4t NWl N·t Ntl.::. •NM ·· Ni) if{Q NS, $Ji.. .:Nilit\ :Nfii 

4t's· its · 2 s 84 4:0S'S 15 Z0.;ia, 10 16 25'$ 51?2 6 241 3'2 4 

ZSHL l M f'THR.St F'THRS"t R·i!CtJn RZGVTt rttCVl'Z DF1 
1 .. ;ftt 

nta 
i .0·<J0 

·Nt1 lffVFL;G 
~ • z:0~ s .·.aas · s. 1a0 0. u0 ;0. 1:'00 Q)tiee ♦eS.G 0 

12 OCl 78 ~T tase MR 
NK 1 4 N ! V : St 2 

t1'7e;'<l THRN}GH CEL THRA CHA.NNEL AT ... 5 ~ 0 DB SNR 
n,nsr '= 11,. < 21 t5 KT > , IHFO NSOA ... Rll1SC78 

28 JAN 78 AT tS35 HR 
STAPTlNG TJME 21: t.3 35 NQ: 4 
CEtnER FFEQLiCPlCY ! ~t;,4 .to~ CLOOK ·FriEOVENtrt 0 a:1,s, .. a0e 

24S~0. BITS 

~ YMBOL t:P.RORS BY U)CATtON : 
~. 0. 0. 
(<1. 0. 
0. 0. 0. 
(,. 0. 

f'S0 
1HL87 

~.32 

Lt 
13.U 
1.~2 

FS1 
HS.St 

0.1& 

FS2 
118.:SS 

t.e., 

Lt 
zaiaq; 
t.as 

F'S3 
11a..ss· 
~ .. ,1 

410t. snn.,01..s 

0. 

l..3 
4-5.3'2 
t.?a 

-rse 
-37~ .. 
ttSf:ii. 

TSt 
1 * 
a. 

TSS 
t ♦ 

z. 
F2 F2A HB F3 FS~ F3S 

t''.tiLS'Z tH.,91 tta.97 1:ta",9a ;Oi~'..:~8 tlaiSS 
·~~:f"S ~i<iS 't.,,, ·~·,i~S. i'a.05 0.06 

R:': R:ZA R2B R3 R3:A R3B 
~~···· ... ·. A,~ .... ·~1~t •···. A3 . A'3~··· . A~~ 'tJtisr-1:i~~t~!:!•,~t · .. ~:-,0,e,1~tri),~!~,~00.0 

~•:~ .• ,~ t;lJ3 ~;,<~,~$ .. ~·.ij:t,t• 0)afe .. 0 .. 002 
~ • e:e-: 0 • SS·7 ~ .. 875 ·~ ·:9~7 0•,;a;,.1 0 }Sit 
0 .;i~'.SS e .rtEfe f ... ~4$ ·0 .,t,~7 e .,tff .ei;iNl~0 

T:PZ.A lPi'.B TF'3A 'F~SB 
iS,S ~· -:S,SS··• 1'34\,. ...t37,1:1"i• 
S9. st~ .s~. 

Ir·tF''?A 
lS.4 
u.s 

1NF?.B lttf,;lA !Nf;Z313 
fS/e, f5.E' tS.4 
~.ti 0.,S Q~S 

21 .. s ( 

NZaA ;N~~ij NZ:~~ ~i~t 

S3 
.e.e 

1l\.'7 

4.. ,:4,., 4\, '•'tl "' 
t • 1 • 0:, 1. 

LeNC t:~0 • .) 
!.7'3 
~.14 

SNR:2A, SHR'·fa: SNR!~ · S:N~3B 
~g'.;Ji -:ij)s : ""'.$ )s .... -s -~ 

0.its 0 .. s t/4 0 .. • 

LlN( i~7 .. ) ·t-H>:BVC 52. ) 
~ .• ~}? '!<"S.tS 

,~ .. is 0,;S 



( 37: 37 > 

M1BX3A - SPECIAL ~UGH R~TE VE:fi?:stON Ff>~ 'Ai >NS~A 
t4H0 = t S , INFO = N.$JJ~,_N.1JS£7,f~ 

S0 OCT 76 AT 1 j,~s HR C . RET!;~'f.~ ta!\9~~/,£''' ~j f~s; .. HP: > 
NA Nt ND fl£ NG NJ!l,Q ;,'.N~i1' ; iffl. :NL· . NM\ 1,f,IO NQ t;,!S ~tSL ,:frre NT1 NW 
SA 4·09'6 15 2fb48 ua tB: 2SS 512 i Z4'.0 ;32 4 ,0e :4'1S 2 5 1 S 

ZSHllM 'f''TH~S0 f'THftS1 aecur~ ite.Q.VT•1 Rc2'.$}J1'~ Df'1 ·Qf'.e ·ijE,l INVE:L.G 
0 .. 200 3.235 3.730 0.1~0 e.1.0t :e.H.t t .• tJ~~ i .. t~:i\ 40.~S G: 

12 OCT 78 AT 1330 HR 
NK: 4 NIV: 512 32 

M?EXS TkROUGt-4 CEL TMRA CJ4ANt-4EL AT -7 .~ Di! ,SN'llt 
TWlS1 ::: 1 !S. t Z1 .5 Ki > , lNF:O :: N$U~~,t{IJSe7a 
t RE.HR lTTEN VERSION OF POSSIBLY DEF:E:C"MVE 0Z3.:fba ~Aft£ ) 

22 FEB 7~ AT H~St HR 
STHRTING TIME 53 : t~ : 51 : 0 NO = 4 
CENTER FREQIJENCt : 204.800 CLOCK f:REO.tJtNCY 0 &·HJ. 2e0 

L.t 
s.as 
LS2 

'i,. 

~. 

L.'1 
a.sa 
0.S4 

1;;.,Z 
1:.S:.,;~,S 

1,.25 

L.3 
31.9$ 

1,t5J' 

1 • 

L 

T,$J 
-~·'5·~.­
rs~:~. 

rs,1 ,,. 
a .. 

TS3 
t. 
a. 

l'·tSt 
1.J$,.$f 

i.Jp 

FS1 
1t.a+sa 

e .. i:3 

FS2 F'Sa F2: F',ZA ..... • .... •Ei!•·· f'.3 FSA ~S'S 
t;i~r~·~~·p t;f:~;,t 1'.,J{~·.,~ .111i .. 1~;J tt'A.;'"a 1.1a .. ,s 118 • ~a· t,te, .. ,;,~ · 

00;•08 ,.:0'1 

i.R:! f?2A ·R2B IR3 ··Ra.A · ~.3:J 
0: .. sre e ..• 1?! 0.;ic2J? .e;;$'2Q. tfii·ta etas•~; 
0.0.es ~ .. etP ~-0$2 e .. ~4t e.~~~ e.~~$. 

t} ;ria .~h ~7 ,,, .,;;, 0:,.15 t .:t~ " ~ 05 

,tte •. ji\i~: •ei~ ~flf\ ·. . ,~f~J 
l~'\t:\~@~l.:: ·· · :,;~f; .~.,~\~i~; ;e ,.,t.i~ ta • ~J2tJ; 
e; .. J2iiS .. ~~,,i '1 t~,J,~~a ir.:~),t:;z e.0tr ~ .. ~~a 

Tf?ZA 
f$S. 

TP2B Tr!'.3A 'f~~B 
-ase. ta~ ~ --:am~~ 

N~2t;I ,fS:~~j 'iMJ,i& '·\ti~1~B 
· s. ,4.,., • is~ i~"~. 

. S '~ij,~•~B 
··~• .~rc{;:::a. 

,$Nf!~\, 
~,,<.;~ 

s.~. 57~ 58 .• 

INf'?;~ 
l:·3 .... -··e, 

·i;, ii 8: 

INF$~ INf!",~I 
14 . .1 re:;~ 
❖ •. 6 ·0.•S 

1 • 1 • .1 • ,.1,. f,ti 7~iS ~.s 
irt~~~·r) , .• ~U)i!Vl <7$. ) 

,~ }t~J~ · . ➔a.; 1:, 
.0.tiie 0\ts 



M7BX3A - SPECfAL Ht:GH ,ftATE V:ER!UON FOR 1 'r& HSU.A 
NH0 = 1,s , INFO ·:.: NSVA-:::ttM$,'.C7c&t 

30 oc T ra ~T t H~:s Hft ( 'R~TY.Pft}) . l' JAtf ii .~t "3!757 1-{R ) 
NA NB ND N.E NG fili:t. 't!~1l N'l fflf f,{fi ,r~(>, NQ ~J ;i~!t.. :t;:;tt ''~Ti ~w S4 4~&$ 1s a~,s 1 t us e .. ss s•1,z i; a·~~; ·af i 4:~f ... t$ . ,2 s is 

2SHLH1 FTMR.SQ FTMRS1 
o .• 20e 3.zai 3.73~ 

R2eOtQ R2¢ti;ri 
0 .1t0 @;.1.ee 

R2Ctii\lI~ 
>ta .• l71♦ 

fif:'1 
t•.;;Jftj) 

:o;ta 
t .. ~le, 

fie,t 
,,,t.ss 

INVFLG 
0 

K12013 
K STREAM FOR H?UXS 

12 OCT 78 AT 1330 MR 
NK : 4 NIV : 512 NOV: 32 

l178X3 THf.,OUG~ CELTH~A CHANNEL AT-&.~ DB 
TNIST = 119. C 21.5 KT l, INFO~ NSUA;,,NUSC7'& 

19 FEJ 73 ~T 0833 HR 
STARTIN~ TIME 50: 8 33: 9 NG= ,t 
CENTER f .~fQUENCY : 204 .. S00 CLOCK F·R.~q.lJ.~NCY 0 l{tS .• t:~ 

3~9&ta .. :,Bl TS 

MtoL e:#.~oks JJY t...oC:Attor-1: 
1. 0. 0. 

L.~ 
5.38 
t.33 

FS0 
118,.M 

0.si 

F'S1 
1 t'8 .. , .. 

0.,a4 

Lt 
8,1:S 
e.7·a 

FS·Z 
11a .• 11 

0 .. !)8 

L! 
11:.,e,s 
. f.'12 

··rs3 
ti.&.:i& 

t/.4~~ 

LS 
fS.,4:a 

1 .,4-S 

TS9 ~as. 
t:ffs. 

1f'.Z ~IZA F2B 
i l~ .,.SS i l:6,.$7 118:., 

t •. 24 
1 
•tj$ ~;~ 

TSi 
0 .. 
·a. 

TS2 

1,. 

TS3 
1 • 
z .. 

:Fa ·FSA F3! 
11a •. ~i t'l! .!l"a tu~ .·es 

0 .. ;~~ ij.,.f&· 0.01 

~2 RZA . R~:a .. f('.3 ~~.f:t R3i 
e .14.e. ~ i$Sl e.'7:S:? !:~f& l··~,~;~ .,, .• ,;&:&'~ e ~.1 t t 0.·fts ,~075 t•t4'2 Jh.f~o/ · . ,:G' 

.~~ ... · • ii'~'~ . ····• .... · .. •·· ···.• .. ~~.. < ~3.Q ·, .·· A8B ftti~:e~,~,~,~~ .'.•··· "•'i'·t11~•·~;l{:~,~~. 0. ~01 .0trt;.&A~"~'J! J,: •. ,Jf.9,.:,f,~f~ f .. 11~.· f .. ~ts 
T:P2B TP$A TR~.·! 

"'.'c::3~a. 1:3.'7,. ~~~f .. 
B1 • ',a~ ;j'§. 

,iFZt:i ! ".l~3B lNF'SA U{~·S! 
13.1 ll.~ tS .. ;3 1'3 ..• 2 e., ~.7 e,6 e~i 

21 .s ( 

N2'2A N:Z2B · :t~~~ij 'Jtz,ii 
·~··•. !4:... ·~·, 4., 
1., f. t. 'f,, 

t;OtR ttsJ~. } 
:2·:t~" 
0.J.s• 

,o#Fi.er 

S'.t~~·!A \ijitf~a,& ~~ij.faA SN.RSB 
w ij~;~~ ~·~te\•~\ ~5 ~ a ~.~,. ;e ,,,.1< Je.i ~.$ ·~ .. s 

NDIYl( 75 • ) 
.;:.~·O'··.~ 
0.s 

"t ~jJ,t,~55 l HZ 



M7BXSA - SPEC 1AL BIGM RAJE \iERSlON FO:R 1 1'& NSt:JA 
NH0 :: 16 , INFO : N~JJA~.~USC76'0 

;3·~ OCT 78 AT t1~B ~R ( RETY~~o .~!~ J~~ 7,e;:i~r ~'!51 rt~ > 
NA Na ttn Ne NG NHe ·· :N~:t NI ~w •tint ,Ho N<) RS- ·NsJ .. ,Nmt>tru Nw 
64 40SS 1 S a~ri 10 tS. 25,~ S"i a ~: '.~~, ii 4 4~$ 4:li . a: ,5 1.S 

?SHL lM FTHRS0 ·tTHRSi "zR2CU10 Ri~IJT'l R2~•JT2 D'Fl Df:2 Nt1 tNVFLG 
o . 200 3. 235 3. 7'30 0 .1 <;i0 0. 1:00 0 .. t00 1 • t0t 1 .;~~0 41S'S ~ 

12 OCT 73 AT 1330 HR 
NK: 4 NlV: 512 32 

M7BX3 T!-iROUGH CEL.THRA CMANMEt.. AT ""'a.sos 
Tld $T = 1 t S. < 21 .S KT ) » INFO ::. NSU~,-NUSCV8 

IS JAN 79 AT 1601 HR 
Si'ARTlHG i'H1E 19 : iG 
CENT£~ F'eEO.UENCY : 2<M· .a~~ 

38,8 .. BURSTS 

rNBOL ERRORS BY LOCATION: 
o. 
e. 
0. 
0. 

L.0 
s.0a 
Lt5 

0. 
1. ~-
1 • 

Li 
7.35 
1"«75 

0. 

t~ 

U2 
ta:$4 

1: ij't 

1." 

J..3 
z,3,~.11 

1.::s, 

NO= 4 
CL0C:K FREQVEN1:;X 

T;~~ ,s1. 
tJ'.$1. 

i. 

T.St 
1 .. 
3 .. 

0. 

TSZ 
-1 .• 
!. 

FS0 FS~ FS2 f'Sa 
1·1a·)~., 

o.ei., 

F2 r:iA 1=;s2i Fa F~~ ,y::-32 
. ill . i.11 l ,t:,J,i.,;7 t t;f .'al? tt:$ .. ~, 1 l f . 98, t j;~ .:ae ua.a3 us .sv 

e , 3~ 0 ~;~~:S 
1 ta ~;§i 

~.ea e.e~ ·.. ·•~;t~ ft~ff7 ~ .. ts 0.,e!J; ti.es 

F:2 R2A ft?,B 13 ;R3f•L ,, 1Ra'8 
0 .S9'8 l.i4\ 0/7~:G '.,J3 d~t,;:(~:}1~1la 
Q,. 1 ~2 w. .• 114 , .. ~:~;2 ~ ri,i;? ·~ .• ~,~f ,t .. 1♦ff:i 

TP2t4 rP2B t,~~A rta,1 
14 a • -::,g:a • 1 ~1. .;..a1t·~,,. 

JE,'3. ~i. 'S,i,. s,,. 

1Nf3A rn~eB 
!Z.~ l.;.S 

(.~,.7 ~.7 

I1NF"~lA t't11!1~~ 
1-:a ... :t. 1 a· ~,a 
~.1 t;.7 

21 .s C 

tl'iZ.B f'fi:JI ,Nr:a:t. N:ZSB, s. ,tt,. s.. :,i~~ 
:?,• 1.- f ·.. ,¾,~ 

S'.3 
-3.2 
e.~ 

.t..~tf( '1?j, •. . ) 
2.1a 
0.14 

'fi~ ... e~A. . ~a~ 
'1:~ ··•· .,i .. ~:' '.~

0ir~e,~J if~•~, .. ~,.~ 
@i:!f5 . t .. ~"Hi~ .. Ji~~@ , .,0~~ 

~NR~B 
~ti:~.;~ ... ➔fU7 ~.a • S 

,;t/il . i .. s 0· .s 
'!fl)~~< Sta • ) 

-a .. ,a 
0 .. s 



. ' ' 
iS•: 2%: 16 

'BXJCi - SPEClAL WJGij R~tE VERSION f';<lR "'?S N$UA 
NH0 = 1 i , INFO = NSUA ... l'-fUSC780 . . . 

30 OCT 73 AT 1103 HR C ~eJ'(;sr>, ,:,9 JA~ ?,4 ~1 :Qttfl ~R > 
NA tdt ND NE NG. NH€, N~,1;: fti4l . HL . ~M wo· N~ NS' Nit N'fi NT:1 NW 
34 .iq!S fs 2:~4-'5 il) t·S 25'$: Sf2 S 24'f 32 4 40~ 3i5 ' t S '1~ 

ZSHL H1 FTMRS0 FTMRSt )RZCUT0 Jf~~MU R2~~T2 J)f't ,r~ NEt 1NVFLG e . zo~ a .. 2is 3 • 73·0 0 .100 e .1:100 0 .. 100 i ,Jt,e~ t "~ee fess 0 

k STFEAM FOR Mr!X$ 

12 OCT 78 AT 1330 HR 
Nl< ,: 4 Nl\/ : 512 NOV: 

M7B~3 ThROIJGH CEL THR~ CHANNEL AT -s.e l)l:l 
TW l ST = u 9., < 21 • S KT > ~ f:NF'O ::: ,. NSOA~NUSC7$ 

18 .J~N 7S AT 033, HR 
ST~F.:TING TIME 
CENTER FE?.EXlU£NCY : 

( RtP:t.ACES B~D T~F'E: OF' >0H~:t3 ) 
Hi ; , .: .3S : 0 Ng =.. i 
2~:4- • $.,t~ ~t.Oet< FFte'9~~N$Y 

:> YHBOL ERRORS BY t;;;QC~T H)N : 
4. e. 0. 
1 . S. 

t.,0 
4. a·s. 
L0S 

L.1 s.ae 
0,13 

~;t 
tl"~'~4 

1 .. J, 

0. 

L.3 
Z1 .. 14' 

1,41 

1 • 

t • 

T:$~ 9ct~,. 1aai. 

s .. 

r,st 
:t" a .. 

' ·i:1;:~ * g<10 

aas~j.. 'Btrs 

L 

t • 

rse 
.... 0. 

? .. 

TS~ 
e. 
z. 

f'$0 
i 18.St 

0.31 

.FSt F~2 FS3 
11a .• ,s7 1 1~ .,~er 11.a,c,.;:~,! 

f! F2~}.;;" . F~-. . F3 F'S~ res 
11.s • te~ u:rs .19,:r a:~· •I:!~~ 11 t:.~ s•a fl~ .:S~i 1:1 a .. ~• ~.z·1 f~.~:J ,,J~• ,.,e1j:. 0.0s t .. Jf1 e·~·z,1 0 -i~ ~ .. ;~a 

f/i2 .,~A 
0 • GSi ·t. 5'6:$ J¢1 
f.i! J.s "·.12ti "I' 

TPZA tflZB 
1 ,a:e: ~ ;.;. 3$~\ 
82, .~1. 

i Nrt2,~ 
!?.:? 
0.7 

J N?:!~ lNF'3A lNF:SS 
1?/t tz.s if??! 
o. 7 0'. 1 e •;·t 

2.i .s < 

.~.~.~ .~t .•• 0:•}~i;i~, 
>f~;~g(t 

~.Z?A 
5, 
-2.·_. 

ss 
-a.a 

~-~$ 

t::IN< 1:(,~,1 • l z.t, 
t.,rs 

:A8A 
•itt~~ .,~, 

OitFSE,T t .. ,t~x7'/~~,$ < e • ~<rHr44 .. > HZ . •·•·• 



• • lE 

RE~VR : es FEs ,a~ - 11.:Socl< sdi~~ify ) 
•·• i 

it: th !f it> 
M78X3A - SPECl~L HlGH ~~T,f. V,E~!f)it,~,tot. t~~ t,l§,U~ 

NH@ :;:: tcS , N,Fo = .~§:Y~~~l.f$€7,~t' 

:30 OCT 7/l, AT 1 i,0~ HR, < F{~1ff},:t~, 
NA HB NI ME N~ tUif~, ,~ 
64 "0ss is 2~.i:!, 1~ 1/t a,:;f" 

'""--1t:Art > 
:iN~:' 'N~ Nsr ~,~)li'T~ i~T, NW 
32,, * '-~§ · :41/.s z s rs 

2SHl..lt1 
Q.zee FT:HRS~ FTFtRS.1 R.~~UT~ ~i,fJJJ1 ~¢:tUt? 

'3.2SS 3. 730 e,.1,~~, e.1,00 ·e: tta~ 

12 OCT 76 AT 1330 MR 
HK: 4 NIV; 512 NOV: 

W7BX3 T~R1'UGl-l CE:LTHRA CHANN};L. AT ..,;te .• e D8 
nJJ ST : 119. < 21 . 5 'i<T ) , INFO :::: t'-i$UA~R0Sc'ia 

ti JAN 7$ AT tsar HJ:ii: 
STARTJNii TU1!:'. H : 9 27 : ~ NQ = ,4 

l)f:.t 
\ .,.~0· 

CEN f ER FREQUENCY : 2.04 .,a:00 CLOCK FRE:t)fJENCY 

51?, BtJRSTS 

tt1EO!.. E~R:OP-$ BY L~;:,~n ON : 
s. 7. &4 
2. 1 a. 

LO 
4.S4 
e.a~ 

rn. 

L1 
s .,:!di 
t2:1.v0 

5. 

~~,;. 

rizai 
LS 

t 7 .. ,~~:; 
1 .. 3'.7 

I>tr~. 
i ~0'0,0 

TSJ ~-
2,. 

NE:t 
~~;9$ 

3. 

HtVFL.G 
0 

TSS 
1 • 
3. 

f'S.~ 
118.77 

t.31 

FS·i FSii 
14~·.s;~: .11a!,~~. 

·F,sa 
tt~:~~~~.a 

. ~.~~ 

y •. r•2 F,2~ F'?13,, F'S "F'SA FS.B 
tf~,·-l~ 11:~t~t 111.::s:1: ·•1~.,:$, •ftu.st 111s.ss 

43 .~s ~-~a-
~2 R~~ ,~~J. > ~:~, •· iaj . < J(~~ 

e .. $2tit ~!';.4~~ ;\«l§~f··.,,,'\,,~@: ~. ,, ;Ir•~~, 
0. 1£7 e .148 ~ .• JS~• 0iG5·,? (f.t:S2 

TP2A T:PZB 
,t,SS,. ,.~•S,~7. 

'•1~:ia 'fi~i~• iL'li 0 .• 0~ .t.0s :e.es 
;eas 

,0:;. 
. i.· s 

"· ·~ 
·:0 .~l) KTS 

* .,,. 

~a 
-.$'{$ 
~ ... ~ 



M7BX3A - SFECtAL HiGl4 "ATE VERSn1N FOR '78 fif;S!JA 
NH0 = 1. S , 1 tiFO = NS.VA+.NVSCtle 

3i2i o·::T 78 t:'.T 110S HR c RETYRED ts JQtf 71,, AT t!7S7 AR > 
NA NB ND NE 
G4 40SS 15 ;f:04·~ 

NG t~¥{@. · 'NH1 .Jtl N~: ... fff f;iJ~ NQ ~s NSL Nte .Nrt 
10 1i 2,S:S· Stt2 c:S Z4t 32. 4- 4iiij. 4'175 2 5 

2SHLIM 
0 .. 2~0 

f"THRS0 
s.2as 

FTHRSi 
a.1a0 

12 OCT 78 AT 13SG HR 
NK : 4 NI V : S 12 

IS JAN 79 AT ~752 I-JR 

R:2CUT0 RZCUl1 
0., 100 ·•~.t,~ 

NOV! 

Si4F·HNG TH1E 15 : 7 : 52 : 0 
CENTER f ;1EC!VftiCY : ·2.@.4 .. 800 

R:2ctn2 
.~l.t10"t 

NG•= 4 

?>.Fi 
1, .. ,100 

CL.0.€K F~EQi;EfittY 

'PF? 
1.«:.Q0~· 

NE1 
4.i'.s~ 

tNVFLG 
0 

244 • llVRSTS /2~ i~4t. SYts1!$L~S 1,4(,!l4It. Rl TS 

106./ f:iS. stnaOL E'Rr{()RS 

l'tB◊L ERRORS BY LO.Ct!iTJQN : 
14. &. ~-

G. 1&$ 

1..9 
4.21 
~.GI 

Lt 
$,.;f.! 
<.iY~S4 

L.2 
A~jt 

·~;.:?; 

L.3 
14.:,1 

t .is, 

0 .. 043-~iaJ ~ /easi~~ . PS(s~rM > 

7,. 

TS. 
~'~l,. 
~,j:a. 

TS1 

"· ,e;:. 
TSZ 
-o. 

s,. 

TSS 

-F'Z FZi.l F!B F·s Fa~ FSB FS0 
11S~7S 

0.32 

FS1 
1te .ee 

0 .~s~ 
FS~ 

u~.a1 
t'..i<a:s 

FS3 
11~.,515 

~:.:t':7 
,1,J& -~~ 1 i:~:;;~:! t t:!;ii;l tlf .. ~a 11 a . aa. :1 t.e . sa , .. s~ ·,,t.;tt~ ~r~1,:~t ~.t.:t 0~~s ~i0s 

R2 ~ZA R2:S RS R{.S'A ~a, 
0 .. 3:~s. ().,~t$ .~;.,'7j ,~~~J ~:;i~Si\);.J~i? 0 .1~s, @,, 147 .0, •. i},ja' . ,, .. 0,~, ,0.,,.te~t•1;~ ••. ~J$ 

TP2A TP2E TPB.R TP3B 
,1.ars.. ~:~~~,~ 
Ji'Z.. 'Sf., 

\ Nf.~A : NF4! UifSA t:NFSB 
f.C,.1 f!#id t<'!.,~ · 1.~.,.i' 

•1zi.s .,;,,s 0.a ~.ts 

N:Ze"A 
''l .• 
3,., 

S'S 
-s"'s 
0il 

~,A ASB 
~~:t0~ t,,,.001 

... ,., ""··· """"" .... · JJ;:,ftea i\i''.'8/t t 
c,;mci,'A, ;s,1.,ficZB. .SNR3A ~N.~$B 

~dL.s -.,1•1 .s 
,,0.1 i~1 

l ~.irf 871.4 t 

,j ~<-

•H6~yc ~?.) 
".'€~ .• ~ 
0.,~ 



M7E)\3A - SPEClAL MlGH RATE V~RSlON ~o,. r,;7ij "NStilA. 
NH~ = 1 S , lNFO : ~S~~;i~OS¢7'' 

30 OCT fa. At I1te lrftt < l!mJ,f~ij ,§~[ ~~« ?·~\;~! i~$7 8ft' > 
NA HS NO . NE NG N~0¾ Nffi ttt Nt. ~ N"' tiO N~ NS NSL NT~. NN N~ 
G4 '408€ iS 20'48 10 16 25.i 512 S i,w.0 32 4• Jt'$ -ttS i $ i~ 

lSHLltt F'THR50 YTl-f~St F!!CU:T'0 "f{2COT1 ~2~vtz Drt 
1.0~0 

Of'.2 NE 1 lWJFLG 
i • 010 :40SS 0 0. ltt0 3 .. ?S5 3. 73'21 e • 1~0 ,h 1:(t0 0 • 1'•0 

12 C~i 78 AT 1330 fiR 
NK : 4 NIV : \ 512 

M7:SX3 Tl-4R◊'J~H CE:LTHP.A Cf4AHN£L. AT .;.,:ig .0 !>B 
TwI'ST = HS. < 21.5 KT ) , 1NFO : HSU~~NUSC78 

Z2 .JAN 7':- f:IT 075!; HR 
STAf'TlNG TlME : 
CEfftEF: f'ij~Q•JE.HCY : 

22 : 7 : S~f···: 
204 • .!0.~ 

:MEOL Ei\.RORS BY .LOG'ATION : 
SS. 42. z.,,L 
18. 54. 

N¢ ::: 4 
CLOC~ F~E.&VENC'f 

277t.. SY.MBOJ;.,$ 

0 8,1.S. '2~0 

iSS'~~. BITS 

35. 

17. ts. 
7. 

Le 
,,.se 
0~S4 

Li 
4.50 
e.s0 

ff'S1 
1tt1.·i?a 

0.33 

f'§'~ 
11.a/,s 

e,.H 

~? f~~A F£ll ~3 
if. 2·7S e; 4 Zi? ~ vaS"i ?ta i♦ ~1!$ 
0 .;tSS O~ 140 G. tS~ ~ .ff2 

TF'f~ TF'2B 
144. --,'1G. 
s~. st. 

TFSA ~t~~:! 
1ae. . _.ti:1,f. 

B'.3. s:a. 

• Nf'Z~ 1NF 2E t·Nf\SA 
f«~, S.'1 ejf.! 
t .o 1 .;g, iJ.,$ · 

1:,;2 

"~♦ S4 
0.~z 

tt~$ 
11,s;~;g:3 

G.G1 

0 .Gil KTS 

¥'• * 

L3 
1L?2 
1,43 

~S0 
a~f1 .. 
738,. 

T:St 
t~ 
a .. 

TS.Z 
... 0_ 
:, .. 

r·2 FfJ\i ... ... . FZS F3 FSA F'SS 
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1.. Introduction • 

• In order to impl~~~t the M7 c~~$tions .syst~m, t'11e 

computer sei~cted for the t~sl( must meet r~quirements o.f apeed of 

execution, I!le®ry siz~ and software d~v~iLQp~nt ct,:1pability. With the 

excaption of tht:! l~tter of these requiremen~s; the 'Sp&.cific requirements 

depend strongly on the pai:ame.ters of the version being inlp:1,emented. This 

■ To understand th~ rnater!aJ. pties4i?nted, fand.H~~ity wj~ tb~. M7 

system and its associated I'iomenclature will be teqµired. ~. adequate 

summary for thi$ pu,~pose is contained i~ lt!;ettence 1. ~~ch sbpuld be 

available to the reader. Of th,~ ,•nr D@l~:~~t;t d~fined in Ref«!.:rence 

1, tho~e f:lhown U,'l Table l belQW wUl ;be rele11ant n,re:: 

T4b1.a 1: :!el.~vant:. X,~ fa~•t~rs M 
(Table 

NA No. of symbols in alphabet 

NB No. of c~l~x .$~lea/burst 

N0 No .. of time diilatic:m b'ins 

NE No. of cdmpl~x iampl.~s ,setwJ~n receiver input vectors 

N6 No. of ,j~ol poil~~i~nr1lout1t 

NL No. of b(ts/r,~p;J. Ct\ • lqg2 N'A) 

NM No. of int~~, tlµe ,e~fcnes .. (\· - lf:o -~) 

NQ Syst~ Q 

~s No'i. rlf> ~~P~t~,:~~pl~i,:li~.01 

Nt; N()·., of fi4~ct,:t:~g~. 1Iin~ ;jfl~-itif~~gjr lii,i 

?\, N<>. f:5f l:f:nJ •s~Arth~lbime <Wi•ti~n t,in 
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■ In some -applications, the single 'ijs - long burst described 

in Reference 1 will not be si\fft:etiat to tr~~t tbe necessary in­

formation. That is, the desired mes•age length is jjeater th•. NL•~ 

bits. To accomod~te such app1lca.'tlorjs, the M7 sy;stjm e• be logtcd.ly 

extenaed by COUSGructi~ the transmi:asion from NZ consecutive NB -long 

blocks, where each N8 -long block has the sjme: s:tructut~ as the ortgittal 

block, but is ·b•tad on a dffietettt rtndom bit ,s:triaa. 'mis i1.:1ows 

Nz .. NL• N0 bits to b~ transmitted in a single burst ld}fhout introaueiing 

any structure i_n:to tihe tranmii&s!iQn. At the 1:eteivii'• pri~i:y 

synchronization is perfored on the .first blo.ek only, lat~r bloctc:s 

being synchronized by the equtvalent of the secondary synchronlzat.ion 

to the single block mode (NZ • 1~. 

■ '£he discussion of comput.er req11ir~,• ve"rsus syst• 

parameters can become .an #>ttRct exer~~e very g~iclcly. To prcvide 

a tangible basis for t~iJ ~c.,;ion,, ··1$0 c~rtent vez·s!ons of the H7 

system will be ceas:lidf;req. ~11;:t~~ ,ftJ t.Jilo •~•ti~& ti-~u-:dwate confl,gl.lr1'tions. 

The 1mpi•n;t1ition 11.RPutJdt con~~fl-~d,;~l be ~hat of the eXist~ iitt:­

plementati:on. - otbeT ~RPl!~@dl" ~J -b~ ,~#fJ\.,J;'~t,~lllJ;, :but the Otte ,given 

here appears straight·fowatd. 

■ The two "'e•t~• qf ~h• ~11 ~!:,~~• ~~!;'1:der~d in the ~ppl~ 

are sketched. :in '1.!ao~e 2.. 1:ne M7JJ3 vejs:l;oq ~a,; qtre.cted at ~nvestlg&t11:\$ 

the 1!fl.ctfoal stib-r;i;J!~ .~~- ,!~~~~!!! '~;c-!1s,~1!\~ il'<,Jlem ~~ h~@t f 

moderat~ b.it t"l,t~" ~~~:, ll ffi®~tt'I , .. ,~ ,P,R~Ja,,i~r;• The, .M11~4 •r~d;'PG 
:,:::, • - • ••• "' • •• •• ,,.,, ·'. • ·•.•1··, •• • .,_ -,. ,,, •• , • ·_•.,_:.·- -,:· • • •.· ,.:,::".:"''''.\.·,~ '' .,. t··r·"_.,,-. -·· · ·:>' ·· · --,.., .;-



Table 2.:. ___ M11~ ~d M~~~~ Chara~~~:l'iti~~cs -

(Table classified 

Chara.cteristie 

.Application 

Center frequency, Hz 

Burst du~ation,, .sec 

Block WT product 

Modulation 

Sy,d)ol WI -produ~t 

Bit l'.ate3 bi:t$;/sec 

flits per burst 

Doppler uncertainty, Kt 

Oper~.ting (SIN) dl3, for PE O!!T) ~ 

.0001, esti\'1,nated from simulat!lon 

data 

SJ$t.em 
M1:axa ffl.BX4 

2-04.8 150 

51.2 oo.o 
80.0 819, .. 2{1:3. 7 min} 

4096 · :4896 

8 .. 0 40.9& 

409 20~8 

/750 .U6 

60 120 

;t,21.5 j: .. 25 

l()p 500 

-8.0 "'!,10 .• 0 
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- ~s intended to ~e s stfal:iogil:, low 'bit rate, lesg ranie 

co•~ieation system:. Here. the desired message length requires 

NZ • 10. Consequently, M7Bl4 • described in Table 1 is •not im­

ple~table in full on the existing system .. 

- The two versions cf the hardware cons,idered in tht?. ~x-

amples are based on existing Acoustic conmunica.don Studies equip1"l'tt. 

Consequently, a g-re.at deal o•f solid info'!mation concerning ex•cution 

tim~s, program size, etc. is av•Uable for both. Table 3 gtvetktbe 

saUent information .for a system based on the Texas Instruments, 980A 

computer aml for the sam,e system. when a 'Floating Poln~ s,~t• ,Af~l20B 

array processor is added. the 180:A alone system .repttes@.~S to~J.·'tlie 

typical minicomputer based o~anbation, the 980A wi:th .. 4,P ,~ystem rre· 

2. o Hardware Requirements ■ 
- The K7 sylltem. employ& 111l!&e time-b~idth ptoduei: idjlllds 

and operates with substantial tlttelftequency of a.rd.val unc~ttairitty .. 

These features place stringent :re<:fui1:ement·s on the computation. speed· 

and memory stz.e of the hzp;owue. The seettons :Pelow describes ~ach 

of these requirements. 

2.1 Sp:eed aegutr~nts ■ 
- In o=,er to ~t!hrQRke 'lli1'!>. die ~ t~• til.tlit 1s 

to detect its; presence a1fd eicflmte fti ,tiine' ad ~rttt~ag of atrival. 

a larg~ numb.er of calculations mat b~ perfQ~d in re•:t ti.. Once 

syn:cltronitad:on hts been obta$nei. further ~ejJive ~cqt•t~ons ate 

requited to aete:rmine the trattsmit,'fe~ ~'age. !acb operation :1.mposes 



Table 4a: Hardware Configu:-tati<ins of ACS 

Comput•rs ■ {~~is t:41:bl~ ----
(Soft-wan Development Equipment Exc~utled from thi:s Table) 

Hardwa:re Ari~b$et:ic .SP.e:~d; <uS) 

Doubite Preci:sionint~gel". .:Add 

Single X Single Integer Mµl:tiply 

Floating Point Add 

Floating Pod.nt Multiply 

Float·ing. Point Adel 

Floating Point Multiply 

Sof,tware Spe8f.i: (ms) 

Arithmetic 

Comple~ RT !i • 1024 

2048 

4096 

8192 

Memo:r:y Ga1d:flu~i~ion.~::<w~~ds~··· 

CPU M~ry (16bit) 

Moving Head '1li$k (16 hilt) 

Matn; ,l)attt' {~;>1:,~;:h) 

mab'le :taJ :fll't:} 

4.0 

1 .. 25 

150 

2:40 

16 bit block• 
floating point 

.. 303 

1.240 

26ll0 

5$/li 

'65J36 

iia~ 

980AlAP""".120B 

4.0 

1 .. 25 

150 

240 

"' .. 166 

"' .. 166 

38 bit floating 
point 

.. 001 

6 .. 93 

16 .. 68 

33.16 

77.31 

61,36 

i1i@oo 

t.0960 

3'072 

1024 



its own requirements on the computer s:peed .. 

2. l.1 Synchron:tzat.ion .. Speed Regd~~~ al 
• 0nl:y the primall'Y search in the synchronization process . is 

significant in terms of calculation speed.. As· indicated itt ·te'retence 

1, ea.cit primary search consists of NM•N~. lk>ppler :t,i.n searches. over 

an NB long input vector. For rea1-time ope:rat:£on these ,searches llltSt 

be completed in NE/N8•T8 seconds where NE is the nambe't of c~lex 

samples betwe$ consecutive input vectors and T1 is the d:m,e duration 

of a block of NB complex 1samples, 

(1) 

1. Ar•ray 11ultiply betw~en X,
0
(f) cUld .i(f) 

2. Inverse Fast Fouriliei: Transfoni (HT) to yic;,ld y(j, k) 

3. -Calculation of z(j, <i) (Ref l, Eqn 29) 

4. Calculation. of !o 

with existing software steps 3 and 4 occYRt<.•, t~.,~l;µt-v;fii'll.t tc ~ 

array mu;lltlp:Ly.. ThU$ the e~~µllations .pe:r Doppler /t)f.rt.·ire equi\JJli!tit 

to one ·m ·a•d :~ arr~y ~tip:~~ 

1111 TQ p:rovt4~ ·f. ,~,e~ but us•fu? bom~ on,r;~~ie.ti@~,ifC1r 
... ' i .·... ..-:~ 

synehro~t:ttit1n, the ~mum ,1l,~§PJ:e t~ 4ior l~P <l\f'Gi;~ '~, ~S-•• 
will bt1 comp1.1ted b~ecl on tbe .~,tm,lP~i:on th~t the i ~" io'lf •~e ·•~• arr~y 

~ultiplies can be neglect.a~. ~.•is hJ~a 1$ ip@t,:fietµ;ijt:ty ~on~Un~ 

be.cauJe it is clofe to the 4ct,nµ. i.~. fer ~,~ v~~:\~s .of .·•.~~ •~ systeJB 

* .•· . ··.·.· 
All 9~~!~t:ion$ pt~LQ~ij 1-,j tll~.l~,t~~vi:r il!~ over c~t~ .am:ay. 
VSi£liilf1J;tf,,~. · 
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(2 << log2 N8} and eal:cuiation t,imes for a given size JFIJ.' can ofte:n 

': /,/·. : .··· .. · .·. •: ... ·,•· ., ·•'· .:,,.. .. * be fotm:d• bem, ~tl'i'lC(tcu:tet !cJi Ji.t~ta. ·Not~i' ·'tiCNever ·t:fiat. TS~ is a 

·strict upper bound. a computer which per~etu mi ~8-10~ min 

* exactly ?SYNCH can ,no;t 'operate in real t~. 

■ To perfo;11 1\i•ig Doppler bin searches ecich of duration 
* N . 

TSYNCH in EIN,:s TB secon4s, th~ foUcwa'tlg eqµElti~ ~U$t hold: 

wh~t~ ·~ .~· the •ll~n,tber. of lJ~, J.P-~~1, (.D~INE • 11~,) ·~eqµir~~ ,for 

the D~P:Pl~r SJtirch as descdbed in ~f,~t,~~~ l. 

■ Equa;im,1, :2 be~~! ;~~J ~~£,~fl wh~n 1~/t~ ~t.~e.JJ .~ a 

func:~:J.on of the ~RPlt:!r ,mc:er~Jii!tY, IY'l. ~, £,~~ql!~SY •,offset• DF, 

.as a function 0£ lvl 1s.g~v,en ~1: 

(3) 

From equation 28 of Reference l, 

sinee phe, s~~:Ch, ~~-~r ~~, ~~ ,.:~~4 ~si11;,~t·~~(: ~~µ.~ 1~1• ·solp~g 

for ·l\f ,y4e,:t4s ·• 

\ • 2 'M 1¢ \lit\ <i> 
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If the search st?!ategy implementer.I in MJBX3 :f!s applfied, the above 

equation can be simplifi,ed f~rther. In M"X3, .~. ,5()% oveJ:ltap in the time 

domain (1E/NB • ~) and a ~ l:~ne ~paciag c~~,a'ency ·· iuaarch' intenal. 

(NTt = 2) are incoq,01:ated in tbepr~ey search. Further11 tllke 

c • 5000 ft/sec. '11ben Eqqation 7 necomei 

T * 37:.0 .. Jlil ... l 
SYNCH• ~i Tvf (8) 

where lvl is expressed in Knots (Kt). Not.a fha;t. N
1 

does .ndt ;~ppear 
. •:••· " '. . ·'· .. , . .... l\' expHeity in Equation 11, b.ut t;h~t by def$nition ,;$¥NCH & ,tb:e·time 

to perform an N8-long Fn'. 

■ the values fot T~tm for. the ·MVBX3 ind :M~:.14 systems of 

Table l •ate '84 ·.Di$ ~tilliisecon&!) •·-4 9 .87 seconds respectively. Since 

84 ms is gre,l;lter than the published 4896 .tt-itisform tie for 'the 9·SOA/'liP 

system of Table 3, MiB:X:3 :ls implementable on that hat~~l=e• ,:M7BX3 is 

not implementable on the 988A alone hax4fa.~. In tlte ~•e of •the M7;JX4 

version, it is impl:~ntablew:ttb ~eon ~e t:80:k,/AP batowat'e en ay 

:tmple•~ible on the . 980A alonE!. ,11.•r:~trt'• 

■ S:i:nce the Doppler ring, 1for tie tdaia ,sysl!&"'! !-!is b!#en 

deiiberAt~y set 4$ th• 1~4 .. l;lipiiim1P~~~ ,hr t:he 9:$tt~ hir~re, 

ilf.., ..... , ...... ,.,, ... . ·.·:,•·''''•,i'". ,, furtJ\(!r ~Qn~UE,1iQ1,1f ·~• ;°'•;giitnJ· $inct··~SDQ1 fdt,,~.,ilf~X3 ayst .. 

is about 2. 5 ties great~r th~ ·,the P\JPli~llej, ,409J tr~farar tiiie. 

(33 ms➔ ~ crtta~, but •ef~l •ttt~ti of the -c,tual, t1!4uitet:l ~t6 
trinsform e.- for the ff1Si4 &J's:ta c~ ,&e 0otit~lht!d 'bt dl~tciing the 

carr~ppnding 'E~ by 2.:'.5. 'rhis ;!el~ 4 retµ!~~t for 'll · 4096 
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actual system. Since 3.95 seconds is less than the published 

plementati® of M78X4 ~ th~t hardware may~ be PQ:E.t.sible. con­

* traey to the TSYNCH ca:lcu1~t:.tons of the proceeding pair~rc1ph .. 

2.1. 2 lnf():tmati.on J)ecodi.nz SP@ed leguirements II ·•, · • ~., · .. ,., ···,, .' · , ,. ' ··,•s•, · ·· · . " · , •.;.•· ~';'' ,··-'. · • ,,.-,,.' ,~•wf'i">'" · ·"+•, ', 

- Because the infQttnat$.pn d~~a4l"g qe•ra.tio,n of the M:1 
systeni takes place only aft~r a detection b1 the ·sp~j;~ni;~~i°'n 
ope:r!ation. its titt.e const:r:ai,~ts at~ more f.lex:ih~~h If •;!'~ill~~ted 
messages are ~own to bl? s~,~~~~d by"sQme ~~mn t~e in#e~al 
or H the ~~rival of mt~ t;b~ one )•8-aae ·~ ··ml i~t~!¥~ fs .~~ 
Ukely, the rec~i:ye,,: c~ ~imply i~re tts !rt.»'1~ ~i,tir ~i! ••~t~¢ti9,n 
tm,ces plac~ cll'ld devot;~ $ts :ent:1:ret ~c~~t:•i:Q~•l x:•actUJ~• ~o u-

* fo~tion de,coding. ~~s yleld,s an $ttte:rva1, T~~, at•~_,r '\ach 

correct de£ectipn ot I~~~ ,~!tt?, i~ ~ich an in~~~ !l~gt,tal 'Will 
be igno?;ed as the acei~:zs i~ ~(e~t:b,e:b· "bl~'4 out"" with cu~r-ent 
threshold$ s.~t to. y1.e;J;cJ le,, thtn ont f~e ~rl:~l'll,1 lji 36 ho~-. bl.~ing 
due to false ail.ans wil~ be· n!!g.l:tJ~1~ ,~~t ;~ij:t: ~ill{tca~J~a.. Of course, 
suf1fi(!3--~~t ···•emp~t~r ~~~4 f!,,l!~~t~ ~tn•' .. J.i~dtJ~r ·'l>'ii~l'~g~ 

- aie. -11,f~•tl~,·:ft\~~4~,(~~~l·J~~, ls·.1~t: c~it!cated 
and ~()ri$jq~etj.~!.Y1

•,~ se~i••~;~~ :r~t· ~gt ~;µb~p~,a~'.ic:>n, ~, b~tona> ,t:tie 
SC() e of thts ·. ·. a .. 1:1. 'ffia!e , " · ]itiilmt~Jt:> :1;;;;;,,.,,, it'4nbt •i·:·•·-~·•; uni .. s a£ · the p ., ••• ••,··· ll.~'i'.· · ·'s'.iS;;'.\••••,·e~;••·• .. •.,•;•.·•':'•' •••• .. , .. ,Ji~ . ..,.,.,.,.,• ... ••~.,;,••• 
infp~~t~ ~c9d- q~tJjJJ~~c;@Jii ¼i~t;~4\ Pf!~v-t:,.,~~>~~ ;P.~+ of 
ffl'!li ~~~:! 
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Component 

Secondary Seat:ch 

Doppler·rtamoval/probe extraction 

Symbol filtering 

105 

2{ *G 

will be neglected.. The l:\bove figures do include t?!arisfQtms for the 

bootst~apping operation, howevE:Jr. For a S,ect>ndary sea,rclt .eg~valeit to 

that of M7BX3 (OF • 1, NTl • 5) , the total n•er of trausfo~ · becomes 

115 + 2•NA •NG, with the relative :fi•Qtt:ance of tpe f:trst ~<l stCQb.d 

te,,:ms depentlent on the $1ze of tn~ ~qri!lli.ng ail.tib*e:t, NA •.• a,>th'a 

number of syibots per bJoek, NG"' 

■. F:or re.· a1~t.:itne, onetidon wftb no b. 1-.ung. the ll.S + 2•1 -~ . r ~ A S 

* NB -long transforms mu.st be performed in TB s~conda. Let ~~0 be the 

transform time for an •}\-long transfom, ffien tb~ fo~low!ng eqtiatfon 

must hold: 

(9) 

* If the eran:sfqzja l~ on a ,Jmtch$:Qe ;~. 1tl~~1,r 1@:,an. 'rme:• some, ·amount 

of l;,;l.~~11g 9f •~~e ~~~~iyer ~'.QRQ~ •Y~•"ll" .. itl~:#tt;\•;. ·~~ •~~• "•' th6 

a~tual t• ~fqgired for.~· 'lad~~, t~ailtif~~, .~!;(~ t:ti,~ ~~ t•ng;th 

* pf tbe PPJ~~d~~tct~n t~~lt~:,il))~i~~~e,··'!!;_,, Ii :gfig ?1 

Because of the array mul:t,ipi~fls an.d otb;e-r ll'i!CtJ~~ ovetlie.ad ,c•l.cul!itims, 

the 4Ctual bl~ing inteml ,,wtU. be '.~~#star $tli11 '· 
• 
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* • For the M'1BX3 ~d M7JKi sr,,tems of Table l, TlNFO is 57.3 

ms and 221 ms :respectively,.. The transfotm times of T4ble 3 then in­

dicate that M7BX3 can not impl~ment r~al-time on the. 980A ail:on.e con­

figuration, but can be illlllei:nented on the 980A/:AP configurat:i~n. The 

M7.BX4 system cannot be impl~t.ed in real-time on the 980~ alone 

configuration eithe;, ~ile it can be implemfm,te:d with ease on the 

980AiP cc:,n(fgt.:1rll-t~on. The le<lUill'ed ,~ninit.lm blanjing intervals 

* !'BLANK. on ~he 9~A ~9¥~ eoiif;,utati® <&$'e of the ;order of hours. 

Consequently. ine:l~i<m of· 1 :}?l2ilti\d.,Jl,S ~terval i~ of valqe on).y if 

* TFFT is· .netit' TiN;Ro· [n fj~t, ·~n MilX~ ;is Jun oh thf! :extsti(tg 980/!/ 

2 .. 2 ~Y Re9!iremertts ■ 

• Th~ se:cend •jot · har~are ;rfquiil'~n.t for the M7 sys.~ell is 

.for ~t'Y :s,pace. E1ve •ie>r !unttiomil 'Hqu!t~ts for stor•g~ can 

be dedgnate.d: 

:2.. Inp,ut iuffe:~ 

3.. ;$ynch~t~ataon ,~es, 

4. 'WC>·~ ·~Jt~4S 

A vatf~l.f .of ~pprotcb~ to ,•~~ls~.tqg tli.ift 'X!ElQ~t~is ~.~.· pe, ¢<ln• 

sidere,d in ~~~)ti!t\J ,th~t ,,~t~•'• :~nijrJl~, i t~~d•ieofJfi .oppt>,r~t1ni~y 

be.tween S~f!ij o.f ~.cut,~n .~Ii ~~ cf~~J~t;t•t>'C~• ,bj '~ft• Tilt t:J•~e­

of:£~ ~4.t<;a~tad in the fdl~~ 4~~~~·49-~ -atn ·ipjrlUli~t• th~t of the 

CU~J~t ~p~~t!t+tt:,(>th 
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2.2.1 l<FILB Storage 

II· The structure of the Mi system is based on a seqqenc~ of 

random bits, known as the D'ILE. This sequence must be available to 

the receiver in order to synchroni;e $Id deeode. the transmission. rile 

number of bits in the KFILE, N
0

, is given by 

{11) 

For the M7llX:3 ~d MiBX4 iyiEet'l\Eii., ·~ is 135, 168 and l,SSI.'!680 bits 

respectively. In tel;m.S of 16 bit c~utet words, a ,more usef:ul measure, 

"":siiQf· the M7 J;Y,$t:em, ltttlj''s •re 
l\;,i; 

generat~d by a laboxratory ·noise· generator ;and store.a ·on a··· moving h~ad 

disk file. This file, which contains other vectors needed .by tb.e 

receiver, is called the VP'ILE.. In an ope;iltion~ ~y~tia th,e .kl• LE 

basis. Cons.equently a means for ente,:ing as well ~s · s.toring the DILE 

would be necessaey. 

■ One approach to these prob~ems. is to; int:tnfa:c~ the system 

to an approved ceyptolog.~c s~queace ge~rator . •d.".have ,tt produce 

the needed bits on command. If 1\n JPPtffl'd seqµ~~'<:e .. · J~er•t<>r cannot 

be used, alternative 4l;goritmns, in cqnj:~eti.Qniw<'l.1tl .·djY!iCe$ .cs•cb as 

the Naticma:1 :Sui-ea.,u of Stanaara. &•ta. Enc~tion s·tzaada:rd . ~DES~ might 

be s,t.i.$.f~ctoty. ~IS§, ~fi.l, .~~ 1$ito~~ge · .• req~t:•nt can lte ;s~~isfied 

by pro"t~mS, · th~ -~~.-.$#~,~•-.tq~Ag~ 4fl\t ·;1llput :~~Jiiity .~r ·l:w ;~ier­

f~~t~g ·KF~ .a~,a~ion Jia#@•lie. 



12 

2 .. 2 .. 2 Input Buffer ■ 

a Because the receiver operates asynchonously with the 

input data, the input must be buffered to ensure the neeess$.~ 

data is availablt'lJ to the receiver. '?he extent of this buffer de­

pends on the speed of the receiver in performi~ both the syn­

chronization and in.foniation decoding tasks.. In general, a 

shorter input buffer becomes acceptable as the rec~iv~r speed 

increases. Determination of the mirdmmr size of the input buffer 

is ,an involved problem which has not. been pursued.. The current 

implementation has· an. ~put ,nuf,fer of ·31\ complex pairs (6 N1 reai 

words) maintained on a 'mov:t!\& head disk 'Mle. This buf:fer ·size 

has been sufficient for ex1$ting verstons of the sysc;em havtng 

NZ = l. If NZ is g:reater than 1. a longer buffer may be ., <'>~seary. 

2.2 .. J S1ffichronbation 1:il~~ ill 
a The M7 receiver synchronization process requires a search 

over ND tinie dilation bins wexe each time dilation bin i:s centered 

on a time•disto:rt~d re,pliea oi th.e transmitted probe component.. With 

the exception of the e,ent:ral bin;; · the comtruction of the time-dis-

torted replicas requires a suJ,s.t:antial ~unt o.f calculat:tons.. con­

sequently, in the curr:~t initl•nt~tic>n all of the,se tinie-distorted 

replicas are pre-c~ute4 :ant!Jtt;~ B.!!l synch~o'1i~a.t:tcn files, a 

component of the VP.ILE 6!l th~ m<>vi~g~h~ad 41s,tc. unit.. With this 

ippr~~ ,~D veotqrs' o:f ·I\ ~~~~ vo1::d,. or ·2 •·H» •11 ,~e~ wi;~ are 

;-equ:ited. For M7BX3, 112,,88& re•l words are 1eq~fred for•~ 

synchronization files. 
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■ If N0 = 1, that is, if NM is less than about 16, then only 
the central time dilation bin is searched. In this case, which applies 
to the MiBX4 versionst no need for a pi-e-computed replica exists and the 
synchronization file can be eliminated. 

2.2.4 Workin& . .beas ■ 

- The veetor operations perirormed by the M7 receiver require 
substantial working areas in memory.. Fol' eum11e. in the synclironizat:.ton 
process. the transform of the input data,. X{f), is mu:tUplied &:, the t.ime­
dilated i;eplica•s transform, Aj (f), then in'1erae t·l:'allSfon;ed to the- time 
domain to yield y(i, j).. Because X(f) and. ~ (f) are need'ed for ·ea& of 
¾- pure frequency offsets within a t• dU:ation bin, ,:at least 3 Nrlong 
complex vectors must be resident .in the,wo:k area, In ,fact, an additional 
N8-long complex vector·is uaed in the current impie11entation to nUow an 
18% speed-up in the invex-se m. S1-tilarly I the ,J>Qppler re•val algorithm 
requires at least 4 NB-long CO!llplex vectol,"s. The ·eqtdivaJ.:fmt of an,lther 
N8-long comple~ vector is needed for sca~i:-s,and ms~~U'°'eous t.ables, 
bringing the tota,1 requirea~nt to i,O N8 Words in the workittg areas. ¥or 
either M7BX3 or Mi.BX4, this .ans 40,,960 words should he av-!e&:te. 
■ In the current implementation on the 98.0A/AP hardware, the 

working aHas are located in the array pr,ocessor matn dat~ ~tjr. An 
additi«:ial 3072 we>:rds of random access table ~ry se~ as storage 
for trignoinetric con$ba»ts, etc. Beeat.Se the wot;ds of e'.itber of tibese 
memories are compollied at 38'.bits each, the ~ize of the work ind co~tat 
storag~ areas in the 'array processor (l.67 x 106 bits) is g~eatet $tau 
that of the 980A itself (l.'05 x 1ti6 b:lta). 'nit$ neithet lt7Jh aot' ,M7U4 
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■ could be itttplemented wieh floadng ,point arithmetic on the 98GA alone 

hardwa..re. ImplE?mentation with 16 bit integer arithmetic on :the 980A 

alone hardware would be Vf!JJY difficult as on1y 21.504 wo:.rds wo.uid be 

available for the program :tts.elf. Conseq:uently.\t these ve,i:sions are 

implementable only on machines with an ·effective addt;eScs .space stgnift­

cantly larger than l2., 768, 01.7 with .. aµ ,array pro:eessor having ~pproxdmately 

44;000 words of data memory. 

■ In the pre,s.ent impletuent:ation of the sys,tem two .-daltd:l)nal 

N1c long wo:rtdn:g areas have. b.een ineorp~rate.d into the 9BG.A memo~. 

These areas are neces$a.:ey to :speed tli~ trans:iE!m -of vect~~s on. the 

moving bead disk fille to tbe. ,array i?O:Ce$SOt' and t<> iaciiitate \the 

bootsttappit).g opeiratd.~n. lf ttt.e ~J!IJiJsyndtro~zat-ion fi:~ea vere 

df:re(!~l:y ~~QeJsa.f.lJ~ 1:ly ,tile a.~ay p~cessor,. on~ .of these vectors could 

be elµd.na~ed. The qiher vector is. ~e4 in th, rf.-,,c:~ns:~;v.c~;,on of th,e 

transmit•ted signal duztng 1>,oo.ts:t,~JppiJlg. -~··. cqu:if be ,~t~~ted if the 

re-construction ,alg4)ti~ ,was rea(f~, p~~;p~. 21.n ~h~ ·it~,,· prQ¢ess.or. 

Consequently, 1,imitations on ,dth~r lrard.w~r~ ·. or s~:f:twai~ \•1 in.creaae 

the worling space requiizelle~~s .,b~~@n~' ·~ljps.~ i11cli!~t~d ,@1:1,~~. 
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2 .. 2 .. 5 Program StorageReguirem.ent~ • 

■ The. software program which implements the M7 system also re­

quires space in the computer :memory. Perhaps more than any other requit'e­

ment, a estima;te of the extent of computer memory needed is dependi!nt 

on the particular machine selected and the details of the program otgani­

zation. Nevertheless, the discussion belowwitl be helpful ln es'tlf:DUlting 

the memory requirements for program storage, as long as a resolution 

beyond about; 16K 16 bit words is not sought. 

■ Th•? present implementat:lon of the MV syst~ consists · of a 

disk initial:h:ation program (VSBT) wMch · precfi.lteulites t:ha iiec,eliiry 

VFILE vector and a real time :program (REGV.R.l whiten does the act'usl .·recep1"' 

tion. Because the disk :tnitiailtiaatton progt:iull ils·per:fdfmett ou[y Once 

prior to system operation. it will not be considered further. 

■ Six functional .groups into whl:ch the programitemafy $pace 

can be pa~titittned ,are: 

l .. Mbn:itor Systtem Softwa.re 

2. General Purpose Subroutines 

3. Input Buffer Miu.1.a.get 

4. Receiver 'Pask.s and Subrout:Jrnes 

5. Large Arrays 

6.. Miscellaneous Arrays 

The first group includes non~spedfiic opet.:1tor intreraet•i:on,, bard.ware 

device ·servidng ang task conb11tql f.unc,t:tons.. The ,second group contains 

subroutin~s of a g~neral nature, ~stl~ ariithnletic. Sof1~are in rgto~ps 

olle and ~ i,s ~ specific to the c~1d.catfon •pr:ob~em sna. itle~lliJt,. 

would be pro:v£4~d as a sta:rtdi!ltd pttoduet by .the hardware manufacturer. 

The input bufferr man~ger all!o~s the . real~time ,:t~put data to be ,proces·sed 
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in a convenient,m.anner .. Altllot!gh ~pg¥if.ic to r:~al-time appUcations, 

it is not peculfar to the Ctl,fflfflunication problem .. G1:oup four <:ontains 

all tasks and subroutines which a.re specific to the conimunfca,tion pro­

blem - no part of group four is likely to be avai14ble from other sources. 

Groups five and six cover wot:king areas int~~ ~inf~asae. The space 

requirements of ;roup five could pot~,~i~lly be eli11lina01;ed uQder eet:'tain 

hardware cond;j.tions ,as discus1;ed at the contlusiott. of the pr:eceeding 

section. The spae:g requirement$ of group · silt: nep~ese~t ~•~ ~i.ze of 

miscellaneous arrllJ storielge required to nm M1. beyond the work:tng areas 

already discus.sad. 

- Table 4 bei,ow gives the cuu~.t ;slze c1¥1 16 bit words of each 

of the six ~oftwtre groups. 



Groue 

1 

2 

3 

4 

5 

6 

17 

(ti.sied on RECVR/26 Oct 78A) 

Contents S.torye (16 bit words) 

Monitor system softt1are 7,.247 

General purpose routines 9,453 

Input buffer manager 9 ,.377 

Receiver tasks and subroutines 11,171 

Large ar.rays 16,.G84 

Miscellaneoas arrayl:i 

Total 

Group S 

Total (:less Gro:ijp S) 

3.086 

56,718 

- 16;13ll4 

40,334 

Several cautions must be considered in conjunction with Table 4 .. First, 

the monitor system a\Yailable is extrellelY memory an:d tillle efficient. A 

general purpose system such as provided by a manufacturer to ail users 

would probably be la,rger. Second, the input buf,fer rt1utiJte1 are fnr a 

single channel only and do ll!)t- perfonn any filtering fune:tfon. Third, 

altheugb some space is devoted to sta.tistfca1 ftmc.ttons assockted with 

the research purposes of the synem,, att a:p~r.gtional sy&tem would almost 

certai:nl.y require ·further storage for puitpbses ;such ii in't:erfeten.ee 

reaection, error detecting-cor:tecting :.ti;:gt:,r~~nms. message handling etc .. 

These considera;Uons lead to,. first ffdmilt~ of at leas.t c5K WQfas for 

prog-r• alone for an operatd:onal., stg:l~,.,.c~l sy$t·~. 

2. 2. 6 Summary .. of Memot!Y ,Reguireaents.· 11 
• ~e r~twlts of tile pteee~~g: ••,:'J reju,:('f~,F~ ,diseuss!on 

at,e suu.mf&Mzed in ~•t>le 5. 'bro h1t;'(diare ¢o~JJiijta~iq~~. dt~fjtjan:t 'frOlll 

those consl'd,~r:ea .:ptevtquity ••r.e .jJy~n.. Cetifi~~f:lQtt A a$s~ •m~~ey 
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?able S.: MelllC);r,:r l!!gui,z$1ients ··s,mmnaey (lfi bit w:ords~ 

Requirement 

* KFILE storage 

* Input buff er 

$1s~em ■ (1labi¢ ~Jas$i,,fied 

Mvll:X3 
Co1:1£1guration 

! ! 
84'48 

24,576 24,576 

* Syncht:onization files 122,880 122,880 

Working areas 

Program Storage 

Totals 

* 

44~000 44.,080 

.56,:218 40,334 

256,622 231, 790 

M1iBX4 
Gonf:tguration 

! ! 
84,480 

24,576 

44,000 

56,118 

24.,576 

44,000 

40133/+ 

209,144 108,910 

This stot:age is, ~plemented :b1 bulk storage ,moving bead disk in 
the current sys:tem. 
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usage comparable to the present system at>.d can b:e considered pessifflistic 

(i.e .. larger than absolutely necessary) .. Configuration Bis based on 

the assumption of an on-line KFILE '.generator and h:.,mogeneous memory in 

the hardware and consequently has a much smaller memory requir~ement. 

Both the M7BX3 and M7BX4 versiom of the system are shown. 

• The most significant result from Table 5, is tltat the M7 

system requires far more memory than is directly addressable with current 

16-bit minicomputers.. Consequently a1_1y hardware on which thtt M7 syst• 

is to be implemented must have eitht?r a larger address space or a con­

venient memory paginJ feature. Alternatively, a trade-of'£ between 

execution speed and addressability could be made by incorporatin3 3 

bulk storage device. Probably the best solution :ts simply to have a 

large homogeneous addJ;ess space. If this is not avatl,ible, a partition­

ing into two memory units, one of which has a larger address space would 

be sug.gested. Only as a last resort would the paging capability associ­

ated with a bulk storage device be appropriate, due to the resulting 

software complexity and loss of execution t!lpeed. 

3. Sof.twat:e .. deY-e1opllle1tt r:ega~:'~~n.~:. ■ 

• Impl~ntation of t:he ~1 ,$Jet• .. b,as two maior e~nts: 

hardware and sof~a;J::~h While har<twa~e jR#~e~ts •tp$£,leant bdunds on 

the maximum p~fible· ~pi>titty 9£ ·the ~t~J~. :t,.e ..• ·~pp1er r~ge;, 

software d~tetmit:t,~f bC>W clof~ to ~t,, ,1,0;~~! . tJt~ ':§f&t;<i11 W;lJ act~ly 

operate. B~th~P$ t,bt ~aJ ~~~t:jfi ar~ pf 4RPli:¢j~i911 J9t:' lh~ ·~ove 

st:atenent is•. itt ~~f\~~~~y·. i {~~l~i~t~ .,~~~g,Jttli_, ·••~· •f~t• '~~e· 

O:f .oot C~;~avi ~'t., P!ff~~~rikii~~~'i?Y· !)~f~,~j1; .q:, itw<> ~~· .~f>.i1!P. 

~r:rqt .4n p:r~$'~ig~~.•~~~ .... · o~~;,q i,t~y.•.•t1p~;.1•~,·~ ,tp~~~d .~P!l!j~~~,! 
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extremely diffi~ult unless the scitt.tue is g~nera.ted and evaluated 

with extr.eme care. 

■ l'file following sect.:fons discuss the requirements for 

generation and evaluation for the M7 sys.tern. iefo;i.-e 

going into these requirements a brief comment on the size and com­

plexity of the present softwat:e i1npleme11tation will be presented as 

a point of refet-ence. 
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3.1 

- The size of a -sof:mre task is important in determining the 

approach to accomplishing it. For example,. the software for a micro­

wave oven controller can be effidently g~nerat:ed .\dt,h lt$S sophisti­

cated tools than those for a baUistic missile dei~nse ststem .. In the 

first case, progr~:ing in machine eode an4 testing: by,near~exhaustion 

may be appropriate. In the lc:ltter, ,big~ +eve; laqv..ajes •and .1~trtcate 

software verificadon programs are necessary .. Theso:ftrtir,a:r:,efor the 

existing M7 communication system clearly falls in between the~e ext,remes, 

and some me&sure of the size and complexity of the so"ftware is. necessary 
to select appropriate .software deveil.opitent techniques. 

- In section 2.2 .. 5, the program size of the M7 s:,stem (less 

large arrays, Group 5) was g:f ven as 40. 334 16 bit words. This is one 

very crud~ measure of the extent of t::he software task. Al tematively, 

consider the breakdown of that sanie program in terms of number entry 

points and lines of source ccu;le at indic•at,ed in Table 6 below. Each 

entry point signiHe, a piece of the overall software mass, so that in 

a rough sense, about !10 identif:l::able $o'f,tw~re modu~~s mu~t be. in~Jz:­

connected .. Each line of source code rE!pres~11ts one li;ne, of program 

printout v1hieh must be care!ul,ly dest~ed .• test and ,miJ;in~a:ined~ 
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,:'able 6: Existipg Mi Software Composition; 

(2,6 Oct 78A} • (Table 

Group Type 

1 System 

2 G .. P. Routines 

980A 

F'AP Special 

3 Buffer Task & Routines 

Comm .. Tasks 
4 

Comm. Routines 

Support Programs 

Total 

Entry Points Language Source Code 
Legth (Lines) 

61 980 A.t. {6602)* 

73 

21 

9 

18 

4 

15 

4 

5 

uo 

980 

FAP 

FAP 

F 

F 

F 

980 

F 

A .. L. 

F 

A.L. 

A.L. 

A.L. 

,:A.L. 

382** 

1581 

1143 

18l0 

626*** 

2458 

1008 12.5% 

1042 87.5% 

88.50 

** 64 bit micrO'eode wralHite,approi~tely 4 'times more difficult 
than 980AA.L. 

*** 446 lines of A .. L. fonnat conversd.on routines. re:mainder 'writable 
in Fortran. 
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• Although various technical. definitions of progta complexity 

have been proposed, the concept of complexity c?nsidered here is more 

qualitative - given an anomaly or softwa~e 0 Glitch0 the complexity of the 

program. is a measure of the time required to find the cause of the pro­

blem.. The present sys'tem has been developed via the traditional method 

of independent subroutine development and testing followea by staged 

integration of the routine into the system. This (lpproaeh is an excel­

lent one, but it:s fundamental weakness is tihat the subroutine can not 

be adequately tested independently., as the variety of, inputs is too 

great.. Consequently, the union of a number of V:et'fii:ted· ·su.bvoutines can 

he a program that works on only a small subset of :f:nputs. 0More imi>ortant­

ly. with stochastic inputs the particular input 0eaus'ing· an,anomaly uy 

be infrequent and hard to detect. Thus, the complexity of the s••stat 

as implemented, is at least moderate; an operational system would be 

more cotaplex .. 

3. 2 SQ£ tware DeV:e:lopment Toob.: ii 
■ !he reliability of the software fer an. imp1'ementation will 

depend on the qu4l±,ty of the ,tool,s, 9f i:t.s:0 d~velQp,ient ·at. v1eli ··~···· the 

progr4ffl1tlet' s s1till.. Only , thrJtt mtJor •B.i~',8'f~:~i.:ai tools, >wlll :be di$• 

gram development softwan. 

3. 2.1 sys.tea Softw.ai:e: • 

a fiecause the .manufactu~er of tne ~tstfl1:I 9'8DA syijtem .did 

not proviue an inteFwpt a~~ven op~~~~i:rl$' $ts.t~. ,~t~ ,j~f:y xe~~t,Jry, 

a speeW pµtp<J~~ sy~t.~. tftore coi:fr~c61J c~Jl~ ,4 ~~tor s,.t~f~~. 'n~~ 

been d~,teil.Qpid. if~&tt:lt;ttttg i.11 1973~ '.ihl pt~sefiti · vre~~'lqn ·of tfli!rt syst:• 

oceu.pieii 7,247 16 ot:t e~~t~t ~i~J. iijn~; ii~lz,jfi' '6'offi ·:r,~~t :of a,a~ree 
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code.. Altlu:mJh the .present system works very well, :i:tsdevelopaent,, 

testing and maintenance has been time consuming .. For examp.1.e, in the 

summer of 1978, a re-entrancy pt.'obiemwas found in the interrupt 

servicing rout:ines which caused the system to cr:ash mysteriously at 

a rate of about 2 crashes per .month.. Such p.roblems are hard to det.eet -

nt that r,te a ha+4wa,:e failure or power glitch would ·be su$pected. 

- To avoid sueh diffi:au:Lty • the coniputer sel~cted for il)ple­

mentation of the M7 system should hav:e a £1~ib1e and reliable ~perati.ng 

system provided with it. It shouid be flexible in the fense that !9-

modification of the fi;p.d~~tal~ystem•shouid be ne~essary to ac~­

date the :t~ple~,itation of the co~u~:J.cation syst-.. .ih;d.lf:&r modules 

for special harc}ware lllOdules. of cgµrse, ·;d.ll b.e necessary, but they 

should be short and follow.the canon,-~l stru.ctu17e used by rhe opera­

t:in,.g sy,tem. The o.pet-«~ti~ ~.rst;~~ :$bc:>.yl!'l 01 11cl.r~dy ;well~evdui:t:ted 

for r~liability. w~:re th~ on.iy a.ee~p.tp:1.blf, Ip!i.:t.e~tion .. of thi$ reliability 

is ·suc~e,s,s;ul a.JR.l.~eatiQl,l ~o ~~a!~~~~e .~~;Pll~~ .~,,a, .. ttt~~r.of ::tndependent 

users, over a .per.iod of ,;,ears .. 

3. 2. 2 1Ugh Level ,tan3ua~~: ■• 

■ Al~b~~gh t;~e M7 s1s:tem s.o1:.t.wa-Y:.e ~pulci tb@<?r~tJ,~aJ.ly be 

develQped in a~a.~Jy l~~~~. (~r ti\T!:!,il ~.~~ti .J~f~ • y~ ,hiil~?'ii:~vel 

la,n~age wct.tld ce,:tli:l'l!:Y :p.e ·\\§id ,by ti:ll~ Vf!,,t. ~tl9;jg 9,J :fo~.\!f~;~ 

de~~ll$t:s. tnggM. ,!;b~<,~l:.t.~11,Jl.·.•.ts, .. ~,i~~ng "~P :~~S~if.~ .. ,u!~.<tjf. A- ,hill\ 

l~~ i~,~@ll .~~l' :·.~~ ~~~~~~· l~i,~f!, /!~,~; 4j~Jfih~-~~l~it§;t~j... ~\1l,Z~ 

•~~~.,:~7 '.~~.l,~~~!;'l~;, g~:\i!~!~~ ,f>l :.!:~!t,~ilt~of ';•l~l~~fi~'1~·1ft.f!l::.\')'fC· ":ltJ 

!.,~~,,~ .«;~,e ,!'! .· ~Oll;~ .. I';t... . ,,p,~, ,z~in,in, ~~ A{, ttll~~-~it;~~·itij.~· $:~~• 

~~~; ,~p '§!~9\f ,;~~~!$~\ .. ~~, ·1s~i~.i~h'.,~i lf~,,,~i'!;fi'.;(~.,1.~~ i·~g9.i~f >~tr 

th~ ~Tra;v ·p:roi~trd,, cornp~ti§l:1:tty (i*'.t.a. ·~J~y.ta~ie by ·t~ I\tr~ptt:t:~r 
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without the FORTRAN library) and convenience {i.e. radix 40 packing and 

unpacking). If necessary all but 5% of the software (the array pro­

cessor microcode) could be written in FORTRAN. 

■ FORTRAN is only one of a va.rlety of high level languages 

suitable for implementing the M7 system and otber languages can offer 

even further advantages.. The only critical nquir~ients for such a 

lang~age is that it should be flexibly interfaced to the operating 

system an.d have only moderate overhead. Specifically, all peripheral 

devices should be handled Within the normal syntax of the language, i.e. 

READ/WRITE stat:ements in FORTRAN. St>me languages are so powei:ful in 

notation they may not meet the latter requiremen ... Fot example, a 

has a matrix equation, even for '.Seal;~ variables.. The resulting over-

computer manufacturer. 

3 .. 2.3 Program Development System: ■ 

■ To test, ~dtfy ana mi'l:nta:1/tf tbe 200 pltts' modules requires 

convenient pl'!Ogram develg~n,t ~yatem in'clu~ing editors. lin~ers. and 

s.ubrcn:.ttfne libra~i•~· One measurt ,pf tlie cenveniec:e of such a pt10;gtam 

de,,elopment ~ys\te~ ts ;tfie, t~<requt:ritr:ta ohinie: aits~ftwat'e lllOduie. 

d®~t the .c~g~ ~d /the' ~cu~l 1/tJli! ,:ies~J;tini syitei \ft>t> evilµ'i:~lon 

n:urpo,ej'; ~~i1p1&pg;a,~~ijl:~~ft~;;'.ijji~&a·:!f,rom .~~tSJi> ~lle,,'c~etti R7i, 

~mji~~~tt:l~n<1Ja,,,,7cpnJt;fi¢tei. 'is""i~~~it'.t~it''.''dn :rtk~>"\~~e; ·ij~~1'iar~· '·•(9QOA} 
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documented change .. Strangely. the majority of this time (20 min) is 

spent in linking the object modules together. 

• A key prQJ;\letn...Jil'ith the existing program development system is 

the lack of automatic source and object dating. In a system with a 

large number of modules? care must be taken that all of the modules 

included in an executable program be of the most recent revision level. 

Enormous difficulties arise when subroutines of a lower revision level 

are inadvertently mixed into an othe1:wise-correct program. ~n the pre-· 

sent program development system, revision-level dating is performed by 

the programmer and great care is required to ensure the program uses 

only current modules .. Progratn development systems on other manufacturer's 

system should include automatic source and object dating, eliminating 

this problem.. 

3.3 Software Evaluation: ■ 

• An essential component of software development for the M7 

system is careful evaluation of the system against both known and 

stochastic signals. This is because of the i-nherent non-linearity of 

the processing (supe1:position does not ~pply), the wide variety of 

allowable inputs during operation at sea1 and the need for reliability 

against infrequent, but erroneous events. Only by extensive testing 

and statistical examination of selected "intemalu parameters can the 

full ca,pabilities of the system be realized. 

• In order to perform the required evaluation the apftware 

must be developed on a system with more peripherals than required by 

t~ Qperational ~~~dwate. $pecifi<:tlly, the software development batd­

wa:re ~hotild !nel1.1q~ ~ .noJ~~ ~:gut.tee. one or. mote tz~pe ,drives• and b'!,;$h­

a,p'-ed printer or display deviq;e.. The ne.ed fot: each of these items is 
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discussed below. 

■ Once traditional evaluation of the M7 subroutines and 

main program a~ns: fixed inputs is completed, evaluation over care­

fully controlled stochastic inputs must be performed. The most natur­

al approach to this evaluation is to construct digital synthetic data 

tapes for the receiver and statistically observe its performance.. In 

- the development of the present system~ these synthetic data tapes con­

tain signal and noise at precisely controlled signal to noise ratios. 

The signals included can be at arbitrary Doppler shifts and are passed 

through pre-specified linear time invariant channels. Further• the 

time of arrival is randomized to assure adequate synchronization test­

ing. To .accomplish this type of evaluation requires a digital tape 

peripheral and noise sou~ce. 

■ Measurement of error performance alone with synthetic data 

is not sufficient to verify the receiver operation or locate the source 

of observed problems. Instead. a number of ninternaf' parameters 

or their statistics should be available for examination. An "internal" 

parameter is one which would not normally be available to the operator 

of a military system, but which checkpoints the performance t:J.:. the 

program rs components. For example, in the present implementation of 

the M7 system, about 50 internal parameters are analysed statistically 

about every 20 bursts.. To provide a means of printing these and similar 

results, a high-speed printer or plotter is necessary,. 

• The above techniques and equipment yielded signifiead,t im­

provements in the present M7 system. In the time interval since the 

system was ncompletedn in June 1978 to the present, February 1979, 
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several subtle software errors have been discovered and system improve­

ments made.. These changes have improved the error pe.rfoma.nc.e of a 

system which set!med to be operating correctly by a factor of at least 

two. Although much of the experience gained in the inte1:val need not 

be repeated• a similar test program and associated equipnent is nec­

essary for any future implementation. 





1. Introduction • 

■ The Mobile Acoustic Communications Study (MACS) described in 

References 1~ 2, '.3 and 4 represents the largest and most geographicaily 

diverse collection of experi1nen:t&. results av•:U.a'bile for the design of 

underwater acoustic communication systems. Because inte~pretation of 

these results will f!ff:ect the design of Navy system~ for many years, a 
critical discussion of the results is apprbpria,t:e .. This pjper addresses 

* the coherence time measurements of the MACS data~ Sribsetuent sections 

show that the MACS coherence t:bnes a:re attributable to eitht,u: inter• , 

pla.tfot'm motion or to tie 9f •nival cantpeniat:ion etiot; so that the 

~asured values are not 'f'hote for the aetuai acoustic ntedirim. Tim per-

platform motions is tht)n a:na.iy;;ed, with the important r~sult t:.., t large 

TW systems can operate successfully ,wL~h 'bw:11p d~~•ttbft 1•1er thin the 

■ It th•, MACS coher:ence t~~S'' •r~ a: respl.t of inter~pllaUo:rm• ·motion 

rather thii,fl the a,c®$tie ebJimJJ. a ,simpl• re1a,tr:ton heiwe:e.n ~•tfnl ceg,ter 

apparent coh•r•nc, time at 200 H% 'Will be 2 .. 5 time$ larger than ·that 

measu"d by MACS at 500 Hz .If lhts 1Jeana that l~rae 1¥, 1yatellf -.rt appUeal>i~ 

* S~ee tile f;-J,q~ncy smear i'EJ tbe t.ra'Q,sfo• of the t~ ,eo~datd:on 
£,unction i the . co,.ents given ,re applicable to that resi),lt as well. 
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(-- lOdB) performance advantages over the. cenvEmti.onal .incoherent tonal 

system, this result deserves cot'tfide+at.ion. 

■ Section 2 reviews t.he MACS eoherettce time 11~~1:!r~t JJ p,:ea~nted 

in Reference l. The •effects of ,.d.nusoi~l ph4-e modulation et:1 tbe 

cohet'ence time is stugiied in Section 3. Two ~ources of p~tenti;il p.baae 

modulation : inter-vessel l'io~Jon: and ti.me of .1:1rrival :e:st~tfQn ~rror atre. 

shown to yield coherence times in the same range as ,those obtained bf 

systems assmning equival:en·t phase upduliatit;m. Fclnt:dty, sec:t1911 S pro­

vides recommendations for the ••rs of Hit.CS dat.a al)d t:ugg~ste a •ri 

suitable transmission wavefotjn. for fUt:ure ~Qer•nts. 

2. MACS .. Coherence ttme,.!feuur_ement • 

■ A summary of t:he MACS coherence technique de,eribed in Reference 1 

and in Section 2. l of Refete.~~•· 3 and 4 wi!l be gi,ven ,for convetlience. 

■ The ,basic transmistJion for the<:BGS data was a Gaussian pulse of 

duration 8. 839 ,ms l>e~et\ YB points havini a bl\nQwidth of 99 .'.848 liz 

* between ldB point~. Such a pulse bas the tdidmum theo.retical N pro-

duct of 1.253.. !w.:a~J•i~re t:ransm!:t:ted at· a)v,.n:i•ty of ·fre.queneies f-ro• 

500 to 3~00 Hz,, howtver?, this. papir conJ!det., only the .. ;500 l:lt data. 

with a ty:pical interval containing 1000 - 4000 pulses o~er 15!""60 IPflutea. 

* - ,, 
Equivail:ently: 12.S ms between 6dB points in time. 141.207 Bi 
between 6dB points in freq11ency, 
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■ Received pulses were eoharently demodulated to a complex ibasel.,and 

waveform and sampled, yieldeing co~plex pabs wt-th 4.096 ms befweu, pa:t~s. 
' q 

Note that the san,ple interval, 4,.096 ms, is equiva'3.ent to a 7:!G ph:~e 

rotation at 500 Hz. The received pulees at:~ windmred to given Sn h'), the 

uncorrected channel response to the n•th pulse .. 

■ The collection of pulse responses ~ (T), !tt a given da:.ta 4n:te:rv:al 

is processed to remove 0deterministic0 changes in arrival ti.a. 

actual ships tracks: the time &cale of these cfh•g~a is 

large conipared to the time scaJes of stocha(itic 

fluctuations of the medium, and the separation :f:s 

effected on the basia of that crite.rion. (Reference l, 

page 9). 

Correction is accomplished by calculating the c:ro.ss""co:rrelation fun<!tion 

C (~) of the envelope squared of the n-+th and k~th pulses .. nt• point n,k 
"' of maximum correlation between the f:f.~at and nth pulse, Tn' is thf! il.1put 

.,. 
to the correction process. Here -rn is necesJ~ily quant,tzed ~t ;the 

sampling interval 4.096 ms because cn,k ($) if an incohertlnt ••"¥1tmert;. 

Thus the input to the time of arrival cor,:rection l,li:gorithm is quantUed 

in 720° phase steps. 
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-

The.·· mel¾SUtied valugs of i ate fitted' 1t-t~tn a 4th oegree poljnonda1 n . . 
over an interval of 300 seet!lntts .. * Avretgl(ttn;g·fijcbnlquJ li ippl:i:id at 

cusps in arrival time oocurin,g between two polynti~a[l~fftted ·.:intervals. 
" " The points on the resuilt:En·g. smooth cµtve are desimated t whet:e t .. is · · · .. ·· · o- n ··· · · · n 

not quantized.. The n-th receive~ eulte Sn(T) is !Ji"i;fte<i ~n tbi:e ~Ii iphase ,. 
by tn to yield S

1
/-r), 'the cirre<i~Et4 reee(ved pulse rijsp.,m;e. ill sub-

A 

sequent analysts is per13ctr~a Qn ~n(t) .. 
.,. 

■ A set: of · colltplex po:tn:ts Bn (o) r~il'resr.mting ,;the e·omplex value of the 
"' 

channel transfer Hn (£) of thi•¢arriir Jr:tqpijiiey i.s• c:omp'tiledJ 

(2.1) 

where the int:~g:ration takes ·place over •fne previotuJ1y selee:t~d~pdow •. 
,. . . .... ••. . . ··• . . . . . . . . . ·/. . ft ?he magnitude of Hn{o) is shOWll in t!:\e to~ ~~te;- pl9t of the•MA~ Qa·~• 

The power spectrum; Fk' of t•he setiea ~il~o') Jn· • l ••• N) is c~lttd the 
.· ........ •.·. wM frequen~y slllia:r and is shown in top r~g:t ,p~o:t eif th~ •~ a~,~.. ibe 

discrete Fourier transfot:m of ~t. is c.aU~ ~~ JU.~ c;q-rj~'\~;i9n f~f::t:l.on, 

l\iili), ~nd is no:t:mal~zed PY ~(o) to ·,:·!~lid ti:ta.ftP~~~/'.!?~~reJ:•tll<m 
function, P.w(i). 

*Ref~~nc~s •·~. ~g 2 ~e a...~,''""~i't ...•. 4~:~~~q:···;:.~~i ... ~d;:~~~f#~,. 1s~ i.~te~~t· ,s:f+~ .•.. ··•~.~~~.· ~i;f~~!~,~~t·•~!t'• .. · ·•••··.••··· .· :~t.:!it,.~~et~•• :J;, . i •m:td REf:fe.,renc- 3, 4 th~ te.";.t ~~~t:~i!l)~ :t\(~,:~.t ·re~I'!t [?ft~'!' 

,. ** In t,~f! <>l~ ~o~t o'f !l~f~f~g~" 1 ~· 2 • !Jn.(o) ts in th~ ~ppm.- ri,;g~t c,o:rner of •ti~ 4~,t~ (:Plqj jlf• 
*** Top ~enter (Pl~tt il ii'ti,$~~;~i~.Xl•~~·2. 
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The magnitude of the normalized correlation function is shown in the 

* middle plot of the right hand column in the MACS data. 

* The MA.CS coherence time is defined as .t:he titne of~se:t t 

* corresponding to i so that 

(2.3) 

In rare instances more than -one solution to J:';quition 2.3 My be available. 
* In sud1 cases, the minimum value of T is t.aken ·~ the coherence tillie. 

* In principle, two puls,es separated by t suffer a correlation 1<.}ss of 
4dB (10 log 10 .. 4) relative to a const~t ch~i!l. 

3. Consequences of !base Modubti® on the MAC$ .Coh•1tence. Time"· • Phase modulation of tha MACS data would occur if either 1.. •. e inter-
platform distance varied or if the time-of""!arrival eor~~cti:·on algorithm 
was unsuccessful. Th!s $eetion f.irst shows ~~e eon,~,~~~'~ <>f a general 
phase modulation under the a$Sumption that tbe me4i~ i~,,el.f is t• 
invariant • Then the specific ease whe:re the phase modul•t:'1.on is 
sinusoidal is examined. Realistic tl~l~~ !tre. $iY~n in whd.~h co~e~ee 
times comparable to those: of the MACS dat~ :ar~ cbt~~~~ solely duf! to 
inter-platform. nu.>tion or correction, er;q;r$. 

- Consider the situation where tht ~ct~ r,E!:a~.onae fµn~tltn, ijn(o) • 
of the acoustic chatm.d is ti:lte ~varia:nt. 



(3.1) 
for all n in the data interval.. Let the measured channel be the product 
of the actual response function rith a sequenc:e of complex numbers zn 
over the same interval 

" 
Hn {o) • H(o)zn 

Then the normalized time eorr~lation function, Pim(i) is s~l.y the 
nol:fflalized auto-correlati9n function of the sequtanc$ zt ; (L . (i). 

t ZS 

(3.2) 

(3.3) 

(3 .. 4) 

That is; :tf t:i'he chanriil is time !nvada.~t, but subject to a modulating 
sequence·~, the 'ntjasut:ed. coher~n<:ti fbie is effe~tiv~ly that of the 
modulating sequence. 

(U) For conve.nience., chi continuous t~ eq~valents of the preceding 
functions will be coni,idered.. Since at1,e1~cy of bhe ¥A.CS s-,ling 
tecbnique is not in question; no 4ifftc~ty ne~ 1ari,e. 
■ .b~Ul'le i(t) is a :•'~uso'l~·lly pn1.,e, .modw.1\t:~ waveform: 

(3..S) 

where ·h.. is ·the aanmum nhjae ·ueujstc$ft) 1n ~i'it1~1 ,n'dz "T •is /the ··••p· eriod..·. ·P . . , " . . ....... ,., . r.. . ... ,. .. . .. ·-- . .. . .... ,.. . . · .. ·.•r. . . . .:P ........ ·• . .. 
of the ·m.ddulating uvefO:l?'IJl. Since t(t) i~. pijri.6¢i;c of pe~lod Tp, Pzz,(d 



7 

will also be pedodic of period t . 
p 

• The normalized autocor.rela.tion of z(t), Pzz(-c) is then given by 

1 
P C-r) • 'f 
zz p 

I+ Tp/2 

- Tp/2 

* ' 
z(t) z (t + T)dt (3.6) 

From trignomet:ric identities (Re.f•mmce 5 • Np. 4.3.37) the exponent can 

be simplified. 

The.n 

l 
p (-r) - -zz T 

• J 
0 

p 

(2h sin f> 
p p 

(3.10) 

where J
O 

{ u) is the .zero"!"'.th ord~r :Be$,,:+ functci.'.on of tl,tfl filr~t lt1:t,td and 

the transition from. Equation 3. 9 to Egt1attpn 3 • .lQ. i~ J)y Lc>,~i •:~ fo:qm.1la. 

(Re:fer~nce 5, No. 9.1.21). J
0

(u) ·11J ·~· dee~ying, oscUlatory ,£unction of 

u as JhO!ll in lef,t~ce S, r:t~ve. 9.1. :rhui,;· ror a $~It t:i,lOd~l o.f thfl 

phase 0mtltillat:tan,1 ~ ~~yt:i.~·· risul:t for· tihe ·ttnte corrilation · !unction 

is obtained. 
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■ * The MA.CS coherence time, T , then satisfies 

* • 4 • .J (2h sin 'tfT /T } 0 p p (3.11) 
From linear interpolation of the Table 9 .. 1 of Reference 5, 

* 2 h sin WT /T • 1.696 p p (3.12) 

for Equation 3.ll to be valid• that is h > .. 848. If h < .848, then p - p' 
pHH(T) never goes as low as .. 4 an~ consequently no MACS cohertnce time 
can be defined. This result indicates the model is ~pplicable only for 
maximum phase excursions greater than .848 radians (48.6°). 

- If hp~ .848 radians. Equation 3.12 can be solved to yidd the MACS 

* coherence time T: 

(h > .848) p- (3.13) 

* No small angle c.pproximations ha~e been made up to this point. If T lTP 
is less than .1, then the small angle approximaition sinu • u provides a 
more convenient form of Equation 3.13. 

* .. 
T • 

(h > .848) 
p - \ * .. ..; 

(T /T. < .j) p 

The second condition of Equation 3.14 will be sat:1Jfied if h,p ~ i. 70; 
which also satisfies the first condition. Thus the sinu,gid'~l ph&11e 

* modula:don model gives t explicitly in te1JmS of the l'lkld~ig:1~.iQn p~~.ters 
hp s TP provided hp is great~ th~ 2. 70 radlms ('155 df~",). 
(C} Two potential. sources of phfuie mod9latJ:on i~t be cons:f.i~t:ed in 

interpreting the MACS data. First, the mtetvesse1 distance m:lght be 
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• modulated by the helmsman or currents. Second, the time of arrival 

c,ompensation algorithm may introduce significant phase errors at re­

latively short periods. The MACS data contained in References l through 

4 does not discuss of the sensitfvity of the coherence time measure­

ments to these effects, nor does the presented data contirln sufficient 

results to :resolve these issues. The parasraphs hdow apply t~ trivial 

model given above to each situation and show that under realistic 

assumptions, the MACS coherence ties could be det~rmined by either 

ef.f ect. Obviously, other modulating waveforms• such 1ts r:andom noise, 

could be studied, however the discus$1on here will be instruc.ture by 

itself. 

■ Consider the situation in which one of the platfoms follows a. 

sinusoidal tr~ck about a specified heading and the other plJtform 

maintains its heading exactly. The inter-platform distance., y(t) • will 

then be sinusoidaU:y modulated. Let 

a 
y(t) • ;:_x V T p cos 21tt/T + d p (3 .. 15) 

where amax is the m~i:f.mtl.lll iuaading ,rror in radians, v is the veasel speed 

and TP is the period of the ves,el moti:c>n,. th• m~ h~adft!g er.ror, 

amax• is th~ larg~~t 411gie b~twe$'1 ;he •ctll-1 ·•d· ~~~~ b•ck• when 

the sm$1.l all~~ as~t:J.on tan e .. e is"made. The·~ phase': ·ex-

(3 .. 16) 
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where fo is the center frequency and C is the speed of sound. 

■ 
* The MACS coherence time, t , can be calculated f~om Equation 

3.14 

* .270 C 
't' -

ama.x V (3 .. 17) 

provided that hp ?: 2.70 and amax 1s small (amu < 1'1'/10)'\ For the 5 kt 

vessel speed and 500 ltz center frequency of the MACS data: 

h • .015 a
0 

• T p max p (3 .. 18) 

where a!a,x is the maximum he.ading error in degrees.. If a~x • Ip ~ 180 , 

* then h > 2. 70 and Equation 3.17 gives e. coherence time T of p 

* 18.3 
,'t --0 (3~19) 

a max 

For a maxinrum heading error of two degt'ees and a mo·tional period greater 

than 180 seconds Equation 3 .. 19 yields a coherence time of 9.2 seconds 1 

whieh is within the range of the MACS results.. Heading errors of this 

magnitude are apparently not unusual. 

■ The second potential so~ce of phase modulation o.f the MACS data 

is the time of arrival oompensatton. Inspection of tn~ t'Reception Time" 

plots included in Refere!nees 2 t:h~ougb 4 indicates substafttial variance 

in the arrival Ume ~elative to ,the quantization step of 4.096 ,ms {120•). 

Because the scaling of both axes o.f these plots 1s automatd.eally selected, 

this variance is sometimes difficult to juij.ge. 

- Dr .. Freese has indicated that the quantity labeled naesidua.J." in 

the lower center of theseplots (Rderence 4 only) is the root mean 
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squared difference between the measured arrival time and the arrival 

time estimated by the curve-fitting algorithm in milliseconds. Over the 

84 time arrival plots of Reference 4, this quantity has a mean value of 

6.3 milliseconds with a minimum of .95 ms (Blake 5/5) .end a maximum of 

22.5 ms {Shelf North .50/15). Tran.slated into phase at 500 H~, the 

0 residual0 has a mean of 3.08 cycles, a min ilnure of 167° • and a. maximum 

of 11 cycles. Moreover, 53% of the plots have "residuals0 greater tha.n 

720° ,only 17% haive residuals less than 360°,. Consequently the effe~ts of 

the time of arrival compensation algorithm are worth considering. 

■ The difference betw~en the measured and fitted arrival time is 

not sinusoidal, as can be seen from any of the *'Reception Tima*' plots. 

If the actual arrival time is smoothly varying, how-ever, the difference 

between the actual and fitted arrival times could appear sinusoidal. 

Under these conditions the model given earlier providf!S insight.. Let 

E be the error between the actual and fitted arrival times. Then hp 

is given by 

h • 21tf E p 0 
(3.20) 

and 

(3.21) 

where hp ~ 2 .. 70 must hold to apply Equation .3.21. 

At 500 Hz, Equation 3.20 becomes 

hp• 3.14 Ems 
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where E is the error expressed in milliseconds. Tne condition for ms 

Equation 3.21 will be met: if Ems > .86 ms. Equation 3 .. 21 is then 

* 'l' 
T = .086 f- (3.23) 

ms 

Assume that T is of the order of the interval size (300 seconds) divided p 

by the degree of the fitting polynomial {4), that is 75 seconds .. Then a 

one millisecond error bett.-een the. actual and fitted arrival times yields 

a coherenc:e time of 6.5 seconds. This is also within the range of the 

MACS coherence times, 

• The preceding discussion clearly does not prove that the MACS 

coherence time measurements result from either platform motion or time 

of arrival compensation errors. It does show, however, that these 

effects must be understo,:,d to properly interpret the MACS data. 

4. Phase modulation of large TW sys~(.•!!!_• 

• If inter-platform motion was the dominant facctor in the MACS 

cc 1erence time measurement, tbe. satte phase -modu_lation will be present 

in large TW systems. The ef feet of this modulation on syste• per­

formance will depend on the system center fre~uency, f, tbe signal 
0 

duration, T5 , and the specific motional waveform .. In this section, 

the performance of a large TW system under the :siuusoidd phase 

modulation of the p~eceding section will be examined. The results of 

• this examination show that the tiA(;S coherence time T is ~ the limiting 

value for TB and that large TW systems have considerable resistance to 

such phase modulation. Further. the apparent diff:erences in coherence 
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times measured by the MACS project (References 1 through 4) and those of 

the ACS project (References 6 and 7) will be. explained. 

- For convenience,; the M7 pseudo noise burst communications system 

and specifically its synchronization/channel response measurement 

algorithm will be considered. The analysis will be equally applicable 

to the periodic pseudorandom sequence techniques which have. f cmnd wide 

application by ONR transmission measurement investigators. 

■ Let a(t), f a(t) I • l, be the transmitted pseudoo.oise burst 

waveform. of duration T1 in the probe component of the M7 system. In 

the system bandwidth, a(t) is white 

(4.1) 

For pseudcnoise systems with TW products greater than 1000, Equation 

4.1 is an excellent approximation. 

■ Assume the received signal, y(t), is \'.:he sinusoidally phase 

modulated response of a linear, time invariant channel, c(t), to the 

transmitted waveform, a(t). 

(4 .. 2) 

Here hp is the maximum phase excursion in 'radians, TP is the motional 

period and t indicates the starting time of the burst relative to the 0 

motional period. Although y( t) will have a longer time duration than 

a(t) due to the channel, its duration will still be of the order of T13 • 
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• Before proceeding further, observe that if the burst duration 

TB ls small relative to the motional period, Tp, the phase t110dulation 

T 
appears 

1 

as a simple frequency shift.. Assume TB < p/10, then the 

small angle approximations sin u • u~ cos u = l applied to Equation 

4.2 yield 

y(t) tv e 

2vt f 0 
cos -

TP .. a(u)c(t-u)du 

T:S < Tp/10 

The first term in the exponent represents a pure frequency shift, the 

second represents a constant phase shift. A large TY system, sue·.. as 

the M7 communication system, includes automatic Doppler removal 

algorithms and would compensate for the motional effects under the 

assumption. Tbe constant phase shift term would have no effect at 

all. Consequently, motional effects are important for large TW systems 

only when the burst dui-ation TB is near the motional period Ip· 
,.. 

- The estimt.tted channel response, c(t), is obtained by cross-

correlating y(t) with a replica of the tt'ans.mttted signal, a(t) 

c(t) = J a *<v)y {v + t)dv 
(4.4) 

jhi? cos 21t(t
0 

+ t + u) 

~ fa* (v) e 'IP a(u)c(v'+t-u}du dv (4.5) 

Let v - u = w, then 
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~(t) sf c(t + w) R (- w. h , t , + t, TP) dw aa p o (4 .. 6) 

where 

21t(t'~ 
cos T * 

p a(u)ii (u+w)du {4., 7) 

If no interplatform motion is present, then hp• o and Equation 4.7 

becomes 

Then 

Ra4 (- w, o, t', Tp) Q f a(u)a*(u+w)du 

• Raa(w) 

(4.S) 

(4.9) 

(4.10) 

(4.11) 

by inserting Equation 4.10 into Equation 4.6. Thus 1 if no interplatform 

motion is present, the crosscorrelation procedure of Equation 4.4 gives 

the channel impulse response c(t) multiplied by a processing gain TB' 

■ When h is 11on-zero, R (w • h. , t • , T ) may be changed in two ways. p aa p p 
. ' 

First, it may no longer be impulsive as required in Equation 4 .. 1. Second, 

its peak correlation value may be reduced to less than TB. lhe first 

change would have the moat drastic consequences, but will not occur 

unless the phase modulation is correlated with the pseudunoise trans­

mission. That is. 
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R (w, h, t', T) ~ 0 Jwl > 0 
aa p p 

(4.12) 

Consequently, the following approximation for R (wt h, t', T) is 
a.a p p 

appropriate: 

(4 .. 13) 

where 
21'1'(t' + u) 

cos· T 
p 0, (4.14) 

since la(t)I ~ 1. The range of integration of Equation 4.14 is over the 

TB long interval where a(t) is non zero. The reduction in z(h , t' • T ) 
p p 

relative to TB as a function of the motional parameters hp> t' and TP is 

important and will be discussed below. 

• The following definition will be convenient: 

1 --2,rb 

I Z11a + 2ttb 

2.,ra 

j2n-h eos u d e u 

The function z(h, a, b) has the following properties: 

z(h, a, b) ~ l small b, all a .2!_ small b, all a 

z(h, a+ .5, b) = z(h. a, b) 

(4.15) 

(4.16) 

(4.17) 

(4.18) 

Appendix A gives tables of z(h, a, b) which have been verified via Equation 

4.18 to be correct to 3 significar.t figures. Note that z(h, a, b) is in 

general complex. 
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■ Equation 4.13 can ba rewritten in terms of z(h, a, b) as follows: 

where 

a: t 1 /T p 

b = TB/T:P 

{4.19) 

(4.20) 

(4.21) 

(4 .. 22) 

Thus z(h, a, b) can be interpreted as the loss fai::.tor, relative to T13 , 

for a phase modulation parameterized by h, a and b. Here h represects 

the maximum phase excursion in cycles and equals the maximum spatial 

excursion in "avelengths. The parameter a gives the initial angle in 

cycles and b is the burst duration normalt%ed by the national 1, ~riod. 

a Define the loss due to motion, L(h, a, b) as follows: 

L(h, a, b) • - 10 log10 fz(h, a. b)l 2 

This is the loss in signal to noise ratio experienced by the cross­

correlation process. expressed in decibels. In an actual system, the 

initial angle a would not be known. hence the following loss, Lmax• is 

of more value in system design: 

Lmax(h. b) • max t{h, a. b) 
0, ~a< .5 

(4 .. 24) 

That is, Lmax is the maximum loss over all initial angles for a given h 

and b. Figure 4.1 depicts Hne.s of constant Lmax over the h.,. 'b plane. 

For small h or for small b Lmax is small as expected. 
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Figure 4.1: Lines of Constant ½wt a 
(This figure 

...... 
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■ The preceding analysis is immediately applicable to the s:ynchroni­

z.ation and channel measurement processes in the M7 communication system .. 

The effect of interplatform motion on the in.formation demodulation 

process deserves further study, but appears to be small compared to the 

former. The loss experienced by the M7 synchronization ~d channel 

.fih.!asurement processes will be equal to L(h. a; b), but the performance 

ru1lasure L . (h, b) is more convenient. max 

- Frcm Figure 4.1, curves of constant Lmax(b, b) are seen to be 

nearly hyperholici that is, 

(4.25) 

for specified loss L (h, b) in decibels. This approximat·· "'zi fails max 

for small h, v.s a specified tm.ax(h, b) may not occur for any b below a 

* given value of h, designated 11t• That is, given a loss L, 

Lmax(h, b) < L for all b 

* i.f h < ~ 

* Table 4.1 gives~ and~ for L • 1, 3, 6 and 10 dB,. Further, for 

(4.26) 

b < .1 the system's automatic Doppler ~emoval algorithm will remove the 

motional effects as indicated in Equation 4.3. Subject to these con­

straints, Equation 4.25 provides insight into the M7 system performance. 
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Table 4. l.. Lim.ting values of h • 

(This '!'able 

Loss L, d'B 

1. 

3. 

6. 

10. 

• From Equations 3 .. 16 and 4.20, 

then Equation 4 .. 25 becomes 

,044 
.073 

..109 

.05 

.. 15 

.. 20 

.25 

(4 .. 27) 

where b was found from Equation 4. 22. This gives a convenient relation 

between the platform motion indicated by amax and v and tbe burst 

characteristics TB and f
0

• For exainple, consider the 5Kt vessel speed 

and 2° heading. error assumed in the preceding section. In order for the 

M7 system to have less than a 3 dB loss,, the following relation from 

Equation 4.28 must hold: 

f • T'D < 7775 
0 n -

(4.29) 

At the current M7 center frequency of 204 .. 8 Hz, this requires that 

T5 :: 40 sec. At the 500 Hz center frequency of the MACS data, TB ! 15 .. 5 

sec. Note carefully that.Equation 4 .. 28 is valid only where the loss 



21 

* curves are hyperbolic; that is, h > ~* b > .1. 

• Equation 4.28 can be exploited further making use of Equation 

'Ir 
3.17 to relate the MACS coherence time T to amax• 

(4. 30) 

'fhis can be rewritten to yield 

(4.31) 

Here the value of~ corresponding to a ,3 dB loss has been taken from 

Table 4.1. Equation 4.31 holds only if the conditions of Equation 3.17 

are vali4, hp :: 2.10 (h > .. 430), amax small. The conditions of Equation 

* 4.25, b > .l, h > hJdB • .15, must also hold. The important result is 

that the burst duration co1·responding to a ldB loss, TB by E<:t ~ion 4 .. 31, 

* is larger than the MACS coherence time 1' by 70%, under the sinusoidal 

phase modulation model. Consequently, the MACS coherence time by its~lf 

does BQ!_ determine the time duration for a large TW system. even under 

an elementary motional model. 

• The preceding analysis is also helpful in understanding the 

coherence times measured by the ACS project as described in References 

6 and 7. These results iudicate the medium decorrelates approximately 

3 dB in 210 seconds, but the measurement techni<1,ue is significantly 

different from the MACS project. 

a In the ACS technique, channel impuilse re$ponse measur,ements 
,.. 
ci(t) are co:mputed from several dis~oint input signal vectors 

x(t + iTB), O ~ t < TB' i • O, 1 .... , using a 1ar,ge 1XW product wave-
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form. The normalized crosscorrelation function pi (,:) is computed for 

each interval i > o. 

(4.32) 

In general p1(,:-) is complex. Then the following correlation coefficient 

is found. 

P .• max 
i T (4.33) 

The purpose of the maxi.mumization is to eliminate the effects of time of 

arrival changes between the o-th and i-th interval. Plots of pi versus 

the time offset, iT5 , are generated and the coherence time is fol.Uld by 

interpolation of the resulting plots. The processing also employs a 

Doppler removal algorithm. 
... 

■ Because motional effects reduce the size of ci.(t) by z(h1 , a1, b1) 

and do not change its shape, the normalization indicated in Equation 

4.32 eliminates the motional effects completely .. Indeed if c1(t) is the 

actual channel response in the 1th inte"tVal then 

•. "" .... ·. t-rl ¥ f \•ef.l (4 .. 34) 
i 

that is, pi(T) is the normalized cross canelation for the actual channel. 

·rhe only consequence of the interplatfom motion will be in the reduction 
,. 

of the signal to noise ratio in the estimated channel response c1(t) .. All 

ACS measurements in~luded algorithms which calculated pi (r) only if both 
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,_ A 

c
0

(t) and ci(t) had signal to noise ratios greater than 10 dll. Thus the 

* ACS coherence time measurements are :l.nsens~tive to motional effects. 

• The MACS coherence time measurement is sensitive to both inter-

platform motion and errors in arrival time compensation.· Under the 

assumption of a sinusoidal variation in interplatform distance with a 

maximum heading error of 2• on one platform the coherence time is 

limited to 9.2 seconds even if the medium is actually time invarb.nt. 

Similarly a 1 millisecond error 1n arrival time with a period of 75 

seconds yields a maximum cohe~Jnce t,:.Lme of only 6.5 seconds. Since 

both of these results are in the same range as thoes of the MACS data. 

t:he MACS coherence ti~s taay be attdbutable •re to platform motion or 

the time of arrival conpensation technique than to actual changes in the 

acoustic medium. 

a If the MACS coherence times are highly influenced by interplatform 

motion~ these motional e!fects must be underEJtood in detail to design 

improved communication systems. Ideally, continuous and coherent data 

on interplatfor,m motion should be obtained. This data should be capable 

of indicating fractional ~avelength variations in distance and could be 

obtained by coherent demodulation of a tonal component in the tr4U,... 

mission. Unfortunately, the MACS data lacks s1uch a component and the 

* All ACS exp,eriments had transmissions with substantial carrier lines. 
Consequently, information on interplatform motion could be obtained 
by analysis of carrier phase. 



24 

necessary information on vessel motion may not be obtainable from. the 

existing data. 

■ Performance of large 1W product systetlS, such as the M7 communication 

system~ depends on the specifics of the interplatform motion. For the 

sinusoidal distance variation considered here, the large TW systems are 

less sensitive to motional effects than the MACS measurement technique. 

For example, under the same conditions a large TW system. can use a burst 

duration 70% larger than the MACS coherence time and achieve only a 3 dB 

loss. If the motional period is large relative to the burst duration, 

the losses are even smaller. 

■ The following recommendations are offered based on the above 

results. First t recipients of References 1 through 4 should be advised 

that the coherence tim.es Tiaported may be due to platform motion or time 

of arrival compen1ation error. Such a notice is needed because the 

MACS documents do not consider these effects and represent the coherence 

time as a measurement of the medium itself. Seeond, the MACS data 

should be reprocessed to extract better information on interplatform. 

motion• if that is po$Sible.. Third, future MACS e:::periments should 

include a tonal component adequate to resolve interplatform motions. 
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ei • ~s:e 't•,~~§ -0< .. ~.~e 
,.:iH 0 .. 1ss ~-~!>'' 
0 .sse 0·.17a Q .. ~~.s 
0. '70'◊ 0. !78 '$A ~0 
(). 1s.e e.2.0, e. ii~ 
0.8~.~ 
e.as.~ 

0.zss 
0~a'S:s 

0l'H:\7 
/Ji1SS 

<r, • '3~ ,~ t s~~ t .tsia:
7
t2t ~ .. sts !J .J ~~ 

@ • 30 ~ • 21:3t3 <L SSij 0 ~aJt 0 .. <a,5~ 
e.~~ 0.2,50 j .. 000 :ei .. z~tt e:s ... ji0 

TABLE Of Z<H, A ,.B1 > - ,fg MA'Y 7$ 

MAG 2 ANG :Z /2Jji2 

•i~~~ -1<~~,, .. 2 
1f~0,~· .. ·-·1Jf'-1 
0.§ ··$a·.·.··-•~a,.,,a 
f.. ;t 
i(d .:Sii?, --i8~'-~.1 
(j:. < < • ...:':7.I, 't.'7: 
••·• ........ , ~as•§,. 
t .,$~.Q -iii,~·~· 
t.ih4:~4 ,,£~·, .. ,., 
(!'.~~:~ .... ~3,:$,\ 
~i~~~3 -t:~ .• !'' 
~ .. :tas. <~'.f~ 

~ ,,·.1~;~. ;. ·•.:.:.:.f 0.22s .;;,o_..; 

{),; • f:7.S' 14~J.;1 
~.s:rs: S"a.1 
0.aas z~;~s 
f~.ft$8 
0:.;;3'1,~· 

i~'i-'? 
(S:/S 

~hS~3 

l:·:;li 
;.(f.:~$~ 
~?'•~~; ~i~.,.§. ,(i),,-· "' 

:~ci•' ~la~ .. ~: 
(b./f2!· 
l·i.064 
.~•.;(i:~~· 
t·tGSS 
4L0S1 
tt~7fS 
t;};;.l:tf 
Gt~·tJa ,, .. :1/,~ 
e .. 1:::00 
0 .. j&4 

-0.a 
-0.,:S 
;.;,,\·~1. 
.;.,2· .. 0 
•8.0, 
;,~cia 
.:.~, .. :$, 
-t .. ,~ -s.1 

--:.t0.7 
-f1t .. ~ 
~)114'.,f 
,.;;)1,$; .s 
.. 1,s:s 
.... i,s .. a 
;•,.t\S:.·7 
-tf'4:, . .:J 

-t.2 
-t.a 
...;t/s 
-'f,i:f 
-1 .<& 
-e.a 
..:..2• ... ~; 
;,;;9.,,7 
-4>«'.G 
.;.;5)5 
;:J.3" 
... 7.;a 
..;at'.~ 

-'8.7 
.i$/3 
....:at:e 

~1~\f 
~ii;ij,;3 i"'i~,5 
~;,{i:J .,$ ..;{0;; 7 
.;..;:{;:~ /i ...;1, .. 1 

H, A, ~ND s .. IN TAB~~ BELOW .:~ftE• '!'~: ~~'f:fl~~'··~.f /t ·e~:eu.e:".···•.·••J:I, ··~·· ....... ::~,/51 lit/:iOI'ANS. 
FIRST LOS~ ~.~,J~;Y. JS: ,:l.~:XJltt ' fg~i;,·• f~C'Qi~j;.zf,§v(~~S;ft$:~J .. i;~;J:,,;\~~f"'; ,~ .. 
A :; ·~ • , l if' 1 .. i,~#l;.,,t!t, . ,, 

e .. -1,e 
0.41 
0* .. 40 
0 .. 14.0 
0.4:e 
0.'4:0 
0 .. 40 
j.,4i0 
0.,4,i'J 

e.!440 
0.~¢ 
0 .. 4~ 
0.,40, 
~, .. 4,,e 
0.4'0 
0.4:~ 
0/~J 
t .. ~e 
0.·~1, 
0.,4;'~ 

AMAX B 

~ ... zsi ~t:fse· 
~;-~~~ ,, . " 
e· .. '. e• 

II 



DE.LT~-; ,-;.eie19e 
H, _ A, AMP , IN tt:itLt 1i't~~ liii'~ t;N 'FRAC1:ti>flfst·'t,F }r C·!~~I:~,. H ;: .-~ •. t<.t.:rti'.n;ritts. 
F' l"RST !..OS$ ENTRY lS tt~)t1M\Jt1 L.05S, SECOND I'S ~\/£RAG£ LOSS ovet· A-~ 
A = 0 • , 1 w 0 ,. 050 , •. 450 

B 21 

o.se •-~e•· 1f.•t~~ -~~'!l.f-~t•~s~ o.~ii r-t1i;' 
0 •. s~ 0i:.~~·~- :0:'" ,~0 -l~,,~!: ~:• .:,~! t ~ .... ·- ~t7:~ .,9 
0 • se e,~20~, 0."'.l~~- ~~}~~-~ 7;e/ l\·V ~,1?t~~ 
1Js0 0_.11i~ -e .. :~,;~_ -~.Jt~~· -0 .. ~1~~ <t ,.:,,,.-fJ1l!;)f 
~ ~ 50 f,f1'~,~ 9 •~?~ ... , ~.,~~' ~• •c'\41~!( ~ l,,,,. ~;~ >,: 
0 • 5~ ~. 1:f~ ff.~~, -,, •• ~~~ -'~- "~;,:~ • -~i!:~ ••. ~•t ,,, •f~ 
0 .. 50 0.05,0 0~?i! -0.}2,~tr: -~--:3:i,, ;•-~~3~? ~"•:~:17tf 
0.s0 ~ .• ~st 0,,!~!_ :-0-t~P":0,.is~ "•·.~~ff··-i~-•-t 
0 . s0 ! ... :!-.t.0.A 0 •~?e :! .~~~ :~ . ,4s: ,-,if!. t1'.,ta~z 
0 • 50 v • ,qy~ 0 .;$~ta +0. ~~'4 ~~ -·~J0 \h~tt ·~J1'{l,.:1, 
0 .. se e .as0 e .• s~~ -•··• ~J:l,i -e .,,e,~s· 0 .•_?·'~.-• ~ ! ... ·.I;. ,'.:~h~ 
e • se t. 2s0 .~ .,~j0 --o;,~~9 •e -~~~ ~ .• i_~,~ t·~~ ,y~; 

~ .50 0 .• 2~0 0 .~5~ -~:•f~S. ;0.82~ 0.459 l'.'7:,j; ~$ 
0 • se ~ • is~ ~L 1~tI1 -0·. 4:,(;,-~ 0 .. Q'A~ ~ • 41, 1 7:0 • 2 
0 .s~ c. ts0 e. 7'se -.00,.~~~. ~ .1:ss ·~ ~4~, 1sa~.~ 
0. 50 0. iM '0 .,Sf~ •0:• .. :3Jt;: ~. '15'$ ~ .. ~~:t ~:~'~14' 
0 ., 5~ 1' • + At? 'q) -.~~l~ ~,,'. . . ~ « f;c:3 ~ :?~.~ t,ss,. l 
0 .so e • 05_0 e .,see ;..,(,}. (~ .. ~:~14 ·- 1~~,,i 11ijii ~'.~ 
0 .. se ~.0r.10 l'.},,ssa -0 .. i•1i1 ~.0H~ •-~~·~ t,,~ .. i 
~-s~ .-).c).i:e 1.eiz1'~ .;..~:.a'e4 <¾ . ..t«i\) ~.a0j 1s·0 .. 0 

T~I-LE OF' Z( H ,A¥! ) - •g MAY 79 

DEL~~- ~ :, ..• 70,,t!,~~~. 

~, Ai ·•~~·~• ,. JN .<~~-~~·; :'~:)I~, J!tf" 
Flf,tSlt LO,SS ~fi~~ft;/.~;s·'.tf, .~~· ~~jj:, 
A = _<,> • -1 l I 0 •. ,$♦. , ,.f Sj . 

H 

e.,;i , .. ,~ 
0 .. ·Ei~ 
e.,$~ 
4l~$t 
~~'~'.~'.­
~·~·~~' ~:.i~jt 
i0 
'I" 

if:::so't. 

:JJ 
~.iit~:~ 
~>~1•~ 
'0,;itt 
e"c.~i, 
·0, .. ~:f~ 
0Ift\:~~-

.4),,,.\'.$f 

'"'i9.,/S ,~ .. ;~ 
+,a,;"2 

ii·~; 
;...,~J~t~ 

;i..f~/t 
-11, .. 1 
--il:~i:;~ 
~it0\t;j 
:'.j?J .;·~ .. ~.$ 

--111,.s 
Mtt'f:..1 
~.1;$ .. 4 
-!:~~·•·~ 
~•t:j•~;~ 
•'.1:a.<iS 
-lit,,.,4 
;.-1t~}.1S 

~ll.c.a 
lo.j,_'7 
~ilt 
·~~ . .:, 
-~f'.f~ 
"!'7..4 

-t,,;•! 
-a·.:a: 
~a ... ·a 
,-.,'i,.s3 
~'t\,-±2 ... i.a 
..:'g,/8'. 
..;s .. s 

~1s•~ .•2 
-1,0";,S 
-t.~ .. :s 
-,1'.'0.4 
~,1.0.,4 
•.;;;;j\0/$. 



DELTA:: 

H, A, AN'D B IN T~!4.E i~LOW •~!E ~·8 tR~~!fON, 01'" ;~ 6-JGJ .. :'t M * 4;::jj'efi»:t~AI·• 
, 1 Rsr Los:s ENTRY rs •ttQ>C•r,~~tt: 4os:s, $es.t:1rtn ~~ ,avettA5l~ 4-<>i$. Q~iti A. 
A :::: 0 • • t •. ~ • OSQ ~ 0 .,.JS.i. . " . . . ,, t· . , . . . 

.. 
H 

0.70 
,L70 
0.10 
0.70 
0.70 
0 .. 70 
0 .. 70 
0.10 
0.70 
0.10 
0.70 
0.70 
0.70 
o ,"!"e 

AMAX 

0.251 
0.2~1 
e ~a.e'e 
0.\1:~0 
0 .. tse 
0.~51 
0.05.0 
0~050 
0.000 
e.~~~ 
e.20~ 
0.2~0 
o~tt'0, 
0.!<:.'0 
~ -~S~t 
0.!~00 
~.2.~0 
0.45~ 
e,.400 
o.1tt:@ 

B Zl HA<i:Z ANG Z /Zt•wz 

e..""'e 
P~7~ 
e. 7'0 
0.7!3 
f,.70 
e .. 1(' 

G.050 -e.3'7~2 0.Sli'2 0 .. ~is 
~:.r'.!t~ :e ·??? ~ihSZ:l ·1, •.11fi, e. 1,, -0:,...f~,;,c ~. 1 ... , • ;1 
e.;~ee --e:•:~,.ti t:~ dfi 
1·~:25.~ .'"'.'.jt~~,f .J. ii:~ 
~ .. ~,, -().; ~• ,j ~••• 
~ .3?!~t '-~,.. S ; ~ • C ,;,,,• 

0. 4~0 -~ .; 2 .. Nf i • 3'.1/:~ 
0 ·• 4~~: .. :-,r;,t;~z 0 .,~~~: 

:J:; 21{fi· tlt{ 

tt!.:2 
11:2 .. f 
''t,ziJi 
,tF"' '\1, 
t1; 

(.~ ·~· 
ts·~:~rf 

{t:ri 
0Ai00 -~ .$4,t ~~,. . ·~ <i • 
0 .ss~ -0 .:svs -0. Q. •• l 
0 .100 ~0 "iia ..ita .ejs, ,e .• .i,11~s ,a 
~ • 1s~ ...,0 t:tJ~ ·~ .~ .• '~14 "o fi;:i.1 t1a Ji 
0~a~~ 7~.at~. e .. ~s,. 0.a·i\~· 11:1 •. 7 
, ~tl~t -.~ .,£:az ... ~.·11~ ~}2~~ .... 11~.~ 
01s,a, 7'.'~•.:~~t :0 .. ~~? o; •. ?~~ ~.sv3;J 
0 .. ~~~ -·~.;~~a ·:~'-~~~ !~·-~~;~ ~1~~0'.tl 
l "'~.00 ~~L~~t -:~ .4~Xi \~ .3~·e:. ·17'5';~r 

D6L TA = 0. 01-0000 

H, P, ?ND .... a .1~ TA~1..e: .. ,a,e~ow;· 
F' lRS.T LS.~~ i<~~;~Ri! . f,S Jii ··. ' . , , 
A = G • " I . l , f. 0 • 0~~ ,1 

H 

0·.,a~ 
.0.,SO 
e .. ~e 
0· .. 8~ 
ij .a,~ 
0 .. 11 
0., .. S.fl 
i.~0 
0.a0 
0.a~ 
G,.~~ 
,;~f 
0.'80': 
0, •. atiS 
;!t•ra•~ 
i::ijf~ ~,::~~ 
0{~{ ~r~,, 
(¼;'8~ 

AN~){ 

e.a;st 
tr,.~:~f 
~y~i~ 
vl. t,,5j 

0?~:~• 
0, •. ~:'0 
0 
Ii 
·~ 
~:i 

ij';';J'' 
4S:C 
'f;; 
~:•rt~r 
0·~?1:8~, 
~};};~'.{ 
0/iji'., 
!<•,.~if, 
~; .. :;:,~~· 
0.:iV1 

t..OSS(DJ·> 

.. ,~7 ,, 
7 
i" 

, ,•;:I 
0· 

4a;,~e 
, 'te,. 

:tf,1~;~ 
--•i:l.ta 

.... j't'.~ 

-4.t..;s 
..;i;,f,~4 
~§::'.:J:i. 
~~¼•~ ~1.;1e,Js 

DI{: 
--7,.6 
~1:~ss 
-'1.i:S 
... g,.::4• 
~i:~ 
-:&'..!' 
..;;i~·s· 

~~··~ ... j.,e 
~'&.i 
~,:~.f 
+~:~a 
~·a1re 



DEL TA ::: 0.0.1000J 

14, A, AND B l N TAJ!,..$ 1'E:LO.W ~R·E lN FRAC!Tl ONS OF A CYCL~ .. .r ,=: 
f"IRST t.OS.S ENTRY ts MAXlttVM Loss, SECOND IS AVeRAG~ LOSS OVER A .. 

A = 0 .. , 1 * 0 "050 , 0 ,. 450 

0.91? 
e.s0 
i .. 90 
0.s0 
0.90 
0.$0 
0.30 
0l<S0 
0.90 
0 .. 90 
0.S~ 
e~ge 

AMAX 

t,.250 
0.200 
0.~~0 
0,20t 
0.050 
0,, 10"1 
e.~S0 
0,.050 
tr.000 
0.000 
~ .d.51.) 

~ .4s~, 

0.05~ 
e.10.0 
0.,150 
0.a~o 
0 .• 2$0 
0.300 
0 .• ss0 
~ .• 40/ZI 
0.4-50 
f .:$~.ta 
~·.ss~ 
C:.S~$ 

0 .. 73~ 
0 .. 750 
0.557 
0.aas 
0.083 
0.Ui0 
0.21s 
0.(,99 
0.018 
G.04S 
@.H0 

:Zl 

G~SS0 
0-i$0 
0.74!5 
~.?3$ 
0 .. 4~~ 
J.zgs. 
e.as~ 
~.asa 
e.248 
~- 1~·z 
~-~sg· 

•·~• ,.~00 ,. 0~11J -t.e7Q 
q- .. S'?' o . zs,:1 ¼1 • 10~ '0. u s -0 • i 1 s 
(~ ~ ~·~ ~: .~*}.~${) ~, ~s~ ~. 05~;!~ ,-s.;~. ~7S 
0 0.J00 o.e~o o;es~ -e.o~a 

,-~ h Qc:'b 
¾l ~ lit \w.•:W-~,,/ 

c * l·e.o 0 . ti~·ic 

0 . Q • 25€~ 0 • ~45 -~ • (:~,, 
TABLE OF 20.t,A,B) - 0, M~Y iS 

O.EL. TA = 0 • 110000 

HAG 2 • 4NG Z /2/H:2 

e .. sas 0.~,, 
.0 .. ~s, 
0.1s~ 
o ... rn1 
i.sss 
1.413 
I .sa,.'l 
0 .24.S 
0~1$9 
0.1~5 

41.4 
41.S 
5t..3 
S$ .. ~ 
S0.3 
s1 .. s 
58A) 

, 74.$ 
as .. :.0 
n.2 

¢. l.S4 -4$ .,Z: 
o- -sa .i;; 
0.:0S4 -17 .. 5 

i.1.14 ;;.sz •. s 
tc. (!;St ..;;5s. :S 
i -0.S 

t).SS7 
0..ssa 
0.:,{11~ 

~.~:es 
.Q . • 24•7 
0.112 
0.170 
~.1415 
0«0SZ 
0.wlS 
~.Qt,~ 
~1 .ees 
t\.035 
0.0127 
t} .~:(7~ 

.i~'S 

.0?18 
0.0.ts 
-~ .~0'3 
~A)02: 

-LZ 
-5 .. t 

-13.7' 
-•2.i .. 5 
-t2.9 
-H ~3 
-t?.7 
-1 'i' .. S 
-22.0 
-21.~ 
-1a.1 
-1.s.e 
-t4.S 
_.1e.t 
--21 .3 
~~ -

-~~-. f 

-0 .. 7 
-z.s 
-S.i4 

-11.z 
-9.2 
-a.~3 
-f-.4' 
-s«.s 

-tt,.S 
-tz.s 
-1z.~ 
-12 .. 3 
-13.4 
-f~LZ 
-17.;? 
-U.~t 
-!S.7 
-21*~ 
..i-f4,7 
-z·s~s 

H, A, ANl) ir !N t0t:t:.:,~. ,~t:~w Aj~ ;Mf f?~~~:ri.9:H~ (\F Ai ~~ti£¢·· ~. - •i. ?t Rtttu,,-ss • 
: 1,:s! .. t. ~Si :~:~:s:s ,N~~t:;: l..O~S;·~ .$ee~jl)''"JS ~~.S~iiE i<>~S 01/,l;?:R A,. 

H 

1 .00 0 .25'0 
1 .00 0.~at0 
1 • .0~ (f..~~~ 
1 ... 00 0 .. 050· 
1 .. 00 0 .. 000 
1 • 00. 0 ... 100 
1 .• ,0'0 ~··. l'J50, 
1.10 0}ij5i) 

1 .~.0 't-,i~\ 
1 .iti:ta .~fr~0.0 
1 .. ~t.a 
iw~~. 
1.t~ 
f,.~:~; 

4R 

~>~tr 0.a.sa. 
e,vi,~ 
:.;r~t~. 
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ijti ~~ti1~t9,Qper J~ .. ~t~au 
Ut1fi.vet~t~>t,~lf<Mi'~~; . < . .. •..... · ...•. , 
~~gc,01.~.f·~!in':,lnd•~tn-Qspneric Science 
!M~1 li'. .. ·~~~ler; ~aµ;S~W~¥ 
IJ:iml•,;,f il.'~a .. . a$.l4~' . . 

N E:WP·O'Ri • R. •• 026~ 
ARtA C<:>OE ~1 
a.tt-EXT. 
;ftUTC>\IOH 948 + EXT. 

NEfi LOtU')OH. COti.N, (Uil2¢ 
AREA CODE ,ti} 
••2-ont- EXT. 
AUTOVON U6 1 EXT. 4179 
tH,REPI.Y Rtf'Efl lQ: 

:,l.q~,i:lW~:.bj 
•~60/;MACS 
Ser 9310.3;.67 a :Juni ··· 1919 

Rif~ {:ii) '· '~$.~tiet:'.~~·tg Tl~. ~,µt~nts._;~y .c •. v. Kimball 

•,:(ijt§ 

~a:r-,eh.~l,i 
This i~ l r~~:P«tl!~ to ttf~~n<=l, .(fl .•wbt~lt'*S, fOl$A~{Jed:bJ r~f~~t:e (b) • 
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~~~, :~r IE:bd 
i 

ser"> •61 

~~J,Jed ,b,itllt$e ~f .·~·~·~. ,~~~~ri'.!Y ,r tfleit S,iqhif'i~t,GI,, pmp,rty which t~ .. j · ·:~n<;e of tlfie.J1a,1J1,~ .~ ... ~:t·s~m ·mutfJ;p,i~ .... ; .. · .... ~l$ J~.it,bn~ ida,ta. 
'l~}): .·.•···.· ... · .. •, ... }~«~::•ithei;i~'.ift'.~'::f~~!n'~S' >:• .. ·····•.. ~,tlfl,;$Jf>i,;de,z~~pte~ •..... l~is• dis~gt~e~b~e fa!t ,,$ ~'1,~~~~g.'f•n Jn~· p~~·•· \, ,;Ja~f ,~~ ~ha~n&J: ~t1ar~eter­
tza~lQ,~•.~~~ry.wntrch •te ... ,ttt,.l ntetF~t~~~t,,J"(~~~$ Cl'1 jfie :tpns:tt~ted••~'f 
seau~£~$<.Of' pt1lse~.~ 9r .· . teni~J, .. ~· . . . .~~1.,~o~.·of 
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Refere~~~ (aJ is. 6,f 
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con;'' 
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3iQ~:lf[[:bj 
9466/MCS 
Ser 93103-67 

Tnus 1the trends h~ve to be . r,effOved, and in a w.ay wMch do~sn 't corrupt. the 
re.sul;s~ .. The, .. Pr~c~~.~ ~b~l ~ts,~~e~ .1pllo~d p~~,~~ .. JP Mt a;P(ll;}?l~reJ.al ,~~.'~b! .. ~:rrfvatJi · · · ... ~ritf'f;~~N'}ssy~1;~.·~,:,9.~t,,>~,t· · ·:~1t,ni Jfor the ~1~,mt1t. ,ff)i •..... :J®?J~flYl ;'t " ''.~)>t1?~ ,,._ff ,4l~ges W!ff.li?': lftf'. :tf9;~l1;··~~~\,.i;f; .·· .. '.,f;l:fJ.;;~f. ~'· ~1pter e,ffe~tt;~J; . .. . . l~~kef Jnte> ,th~. cla,~i.. .J~~Ji~e :c i < • , ....... , .·• . .¢ijqsen .at a,rQuntf' ti.OG ~:e~ond~, i!n ,,,afit ton th:e 1~1.~ .i~tffl~tit,~:~ },t·, :. ~ ,$"'Jl .... ··· .•· ~~~n the gro~$. path ),en.st~ :~ban,~s Jnd is. of J~.~ O~tr of tti~ ii.~<f99r~tlon Qf oper­a,ttcma1 · · use for ,e'f·th:et- · ~~~tlcd . ~~,:~~~,.~.~~; ~1t •t~no · ~a,;ff:n.g .. 
rH~ mttiM of' 'tta,~$i'f !lillJe in. a· taa11}fi ~-~~p~~l; ~.i}~Ji~lr,Rl t~~,.~tg~Jem that in. ~.~~···presence of .. a. fad~•.;there qan.·~f!!·no. ·~eitr,t1i1on, .. ·bf~~Y, ~,ucn.qp~rtt:f,ty. The iss~~ ts .a. funqa·,.· I·!n~~. ,t1a;v:f11;~ 'ig) QP:t1~·,11~~.e .. -·~irt/itfon,,ff ,S,:~.UP or energy r~loci;y ~~li'q~.' ,; ,~lf;~Qf}a;s;,sti .. ~t tmn,sr~rl$:$i'Pfl· ll~a:1~ •. (St~:t~~n'•s bogk treats mh,~ ·~ft~r,iija~ft:ully;.J ·.·. 'tbµf :•I •Plot ~f'. ,·r:tt,,,1, .. ~i~ .. ·t~* (~Y r~py m,a·$u~e:,.•·c.,~~,1:r1· ... ·.t9.•··· ·:tJ, .~t~.r.•t~f!.sj1$na,1 •.. ~~l'fi~!l~. JJt:irs .:to Zfmo. ,(~ne ~C.J!l!( 1~. . .. 7ij1 ~ff , ·arf ,:. ~1~~l ·,J~, ,~~i~ed •~¥ ,,, · :: ....... :··$4~. . ....• }l; .,a~~J ... 7;.)•~• .. ·· .. ·;·<•)~~J§~r~:i rooties f~~e, i,fl •; . . ~.n:~lf; J . .. . . . , . . ~,:t 1 .. , : ~'!-eonds ~n ,tfi.,· f~,i,~j• ·'l)t'Q.cedure .wal therefo~. Qa$e,~ · on h,vin, ,rn,ar:ty, ·pt1l:se· a,rrivtl~ to ··•f;nmi ttffs af~i'~g~. in ad/!f'f.tJon to tbe ;~i;ner ~~~si:<Ie~a\\'fo~s .~~·~~d ~~n,et. 
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