APPENDIX

Program Listings

In this Appendix we simply list the computer programs (in Fortran 4) used
for the sample calculations given in the report and required for similar calcu-
lations. The programs are essentially self-explanatory via the comment state-
ments, but some further explanation may be helpful.

The first two programs, APDA and APDB, compute the APD "measurement data"
from the Middleton Class A and Class B models. The output is given in Table 1.
The program APDB requires Subroutine CONHYP and FUNCTION GAMMA which are also
given.

The next set of programs are for the Class A example. The program SYSCOR
computes the theoretical performance and requires FUNCTION CERF. The program
SYSGL computes performance via Gauss-Laguerre integration but obtains the
required pdf of the envelope values directly from the Class A model and requires
SUBROUTINE FUN. Finally, one of the main results is program SYSAPD which
computes performance from measured APD values. Sections of this program normalize
the APD and estimate the pdf from the measured APD. These routines are useful
in their own right for various purposes. The outputs of these programs are
contained in Table 3.

The final set of programs are for the Class B example, but can also be used
for any noise example. The program SYSWR computes performance via Weddle's
Rule integration. Two FUN1 subroutines are given for use with SYSWR. One cal-
culates the envelope pdf from the mathematical model given by (30) and the
other one calculates the envelope pdf from the measured APD. The outputs of
SYSWR are given in Table 4.

In some of the programs IRAY and SYSTEMC are used. This is to suppress an
exponent underflow error message for the particular computer used (CYBER 170/750)
and is not, in general, required.
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PROGRAM APDA(INPUT,DUTPUT)

PROGRAM USED TO OBTAIN APD VALUES FROM CLASS A MODEL,

EQUATION 4 OF TEXT.
DIMENSION IRAY(6)

DATA IRAY/=1s~19=150s=15-1/
CALL SYSTEMC(115,IRAY)
PRINT 6

FORMAT(1H1)

A=0,35

GAM=O.5E‘3

DO 40 I=1,31
RDB==5Q9,+3,%(I=1,)
RP=10.*%(RDB/20,)

SM=0, ¢ FJ=1,

DO 20 JJ=1,26

J=JdJ-1

IF(J«NESO) FJ=FJ*%xJ
SIGSQ=(J/A+GAM)/(1.+GAM)
T=((A%%J)FJ)*EXP(~=R*R/SIGSQ)
SM=SM4+T

CONTINUE

P=SMXEXP(=A)
IF(P.LTs1.,0E=6) GO TO 10
GO 7O 15

P=0.

PRINT 7,RDBsP

CONTINUE
FORMAT(10X,2(1PF12.553X))
END
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PROGRAM APDB(INPUT,0UTPUT)

PROGRAM USED TO OBTAIN APD VALUES FROM CLASS B MODEL.

EQUATION 6 OF TEXT.
DIMENSION IRAY(6)

DATA IRAY/'l,'l,‘lqu'i,'l

CALL SYSTEMC(115,IRAY)
PRINT 6

FORMAT (1H1)

AA=1.

ALPHA=1,.2
OMEGA=0,00079433

00 40 I=1,31
RDB='“U.+3Q’( I"l.)
IF(ROB.GT.45.) GO TO 10
R=10.**{RD8B720,)
IN=R*¥R/0OMEGA

SM=0. $ FN=1. s SM1=0.
D0 20 N=1,25

FN=FN¥N

CALL CONHYP({1 «-N¥ALPHA/24952e9ZNsSyIOVFLNW)
T=(((=AA)*¥N) /FN) *GAMMA (1. +N*ALPHA/2,) *S

IF(IOVFLWeNE.1) GO TO 14
SM1=SM1+T

GO TO 20

SM=SM+T

CONTINLUE

FP=0.

IF(ZNeLTeb6750) FP=EXP{=ZN)
P=FP=ZN*(FP*SM+SM1)

GO TO 15

P=0,

PRINY 7, RDB,P

CONTINLE

FORMAT (10X, 2(1PE12.5,43X))
END

7
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SUBROUTINE CONHYP(A 4By X9SeyIOVFLW)
Cooaoee COMPUTES 1F1(A485X) FOR REAL A,B,X
Cesoes IF X GREATER THAN 741. AN OVERFLOW WILL OCCUR. SEE
Ceeoooaoa COMMENTS BELOW.

S=1. ? Y=1,

IOVFLW=0

KUNDEF =0

IF(A.GT+0.)GO TO 101

K==A

ENA=z-K=-1

VA=A-ENA

IF{VA.EQelseIReVAeEQ.D0.)CO TO 110

101 IF(BeGT&0.)G3 TO 130

J=-8

ENB==J-1

VB=B-ENB

IF(VBeEQeleeOReVBeEQaD.)120,5130

110 KUNDEF=1
GO TO 101

120 IF(KUNDEF.EQe1)PRINT1000,A,4B
IF(KUNDEF«NE.1)PRINT1001,8B
RETURN

130 IF(KUNDEF.EQe1)GO TO 10
5 IF({X.GE.100.) GO TO 60
6 IF{(X.GE.10.) GO TO 10

NN=100
GO TO 15
10 NN=300

15 IF(KUNDEF.EQe1) NN==-A#+1
DO 20 N=1,NN
D=N* ((B+N=-1. 0) **2,)
Y=(A+N=-1.0)*(Y/D)
Y=Y* (B+N-1.0)
Y=Y*X
IF(S.EQe (S+Y))GO TO 50
S=S+Y
20 CONTINUE
50 RETURN
Coecwee APPROXIMATES 1F1(A3ByX) FOR REAL AsB,4X BY USING THE
Ceeees ASYMPTOTIC EXPANSION. SEE PAGE 1073, INTRODUCTION
CeeoesTO STATISTICAL COMMUNICATIONS THEORY, MIDDLETON.
CoeeeeIF XoeGEeb675. AN OVERFLOW WILL OCCUR FROM EXP,
CeseseTO AVOID THIS, THE VARIABLE ICVFLW IS SET TO 1 AND
Ceseee THE FUNCTION VALUE IS CALCULATEC WITHOUT THE EXP(X) FACTOR.
CeeeesSO THAT THE VALUE RETURNEC IS S/EXP(X)
50 NN=20
DO 100 N=1,4,NN
Y=Y* (B-A+N=-1.) *(N=-A)
Y=Y/ (N¥X)
IF(S.EQ.(S+Y))GO TO 150
S=S+Y
100 CONTINUE
150 S=S* (G MMA{B8) /GAMMA(A) ) *(X¥**(A-B))
IF(X.LTe675.)60 TO 1990
IOVFLW=1
GO YO 200
190 S=S*EXP(X)
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200 RETURN

1000 FORMAT(//,1X+* CANNOT EVALUATE EXPRESSION SINCE BOTH*,
1* A AND B ARE NEGATIVE INTEGERS OR ZERQOy A=*4F10,24* 4 B=*,
2F10e249//7)

1001 FORMATI(//,1Xs* BAD VALUE FOR B GIVES INFINITE RESULT FOR S¥%,
1 ¥, =’9F10-29//)
END

FUNCTION GAMMA(X)

RETURNS Ti'E GAMMA FUNCTION FOR REAL ARGUMENT,
NOTF. THE GAMMA FUNCTION IS NOT DEFINED FOR A NEGATIVE INTEGER 0OR ZER
INPUT
X = THE REAL ARGUMENT,
ouTPUT,

GAMMA(X) = THE GAMMA FUNCTION 7JF ARGUMENT X.
75 FNORMAT(46H GAMMA FUNCTION OF A NEGATIVE INTEGER, OR OF ZERQOs IS NO
1T DEFINED.)
5 IF(X) 10,580,515
10 N==X
EN==-N=-1
V=X-EN
TF(V.EQelas)80,20
15 N=X
EN=N
V=X-EN
20 GAMMA=1,+4V%(,4227843374V*(,4118402518+V*(.08157821878+V*
1(.074237907614V*(~,0002109074673+V*(,01097369584+V*(-,002466747981
24V%(,001539768105-V*(.,0003442342046=-V*%,00006771057117)1))))1)))
IF(EN=2.) 37,25,30
25 RETURN
30 N=N-1
DN 35 I=2,N
FI=1
35 GAMMA=GAMMAX(FI+V)
RETURN
37 N=2,-EN
DO 40 I=1,N
FI=2-1
40 GAMMA=GAMMA/(FI+V)
RETURN
80 PRINT 75
CALL EXIT
END
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PROGRAM SYSCOR(INPUT,QOUTPUT)
THIS PROGRAM COMPUTES THE PROBABILITY OF ERROR FOR BINARY
CPSKy CFSKy AND COHERENT ON-OFF IN CLASS A NOISEs THAT IS,
MIDDLETON"S CLASS A MODEL.
HEREs, THE ERFC FUNCTION IS TERMED CERFs, TO BYPASS THE
SYSTEMS INTERNAL ERFC ROUTINE,
FOR CPSKy AK=SQRT(S)

FOR CFSKs AK=SQRT(S/2,.)

FOR ON-0OFF, AK=SQRT(S/4.)
A=0,35

GAM=D,5E-3

PRINT 6

FORMAT(1HIL)

DO 40 J=1,29
SDB=-30.+2.5*(J-1)
S=10.*%%(SDB/10.)

AK=SQRT(S)

SUM=0, $ FK=1.

DO 20 KK=1,25

K=KK=1

IF(KeNE.O) FK=FK%xK
SIGSQ=(K/A+GAM) /(1 .+CAM)
SIG=SQRT(SIGSQ)
T=((A*XK)/FK)*CERF (AK/SIG)
SUM=SUM+T

CONTINUE

PE=EXP(=-A)®XSUM/2,
IF(PELLTeleE~9) CALL EXIT
PRINT 8, SDBsPE

CONTINUE
FORMAT(10Xs2(1PEL12.553X))

END

FUNCTION CERF (X)

SEE APPROXIMATIONS FOR DIGITAL COMPUTERS
RY Co HASTINGSs PRINCETON U, PRESSs 1955,
PAGF 169, ALSO IN ABRAMOWITZ AND STEGUN.,
E=1.0/(1-O+0.3275Q11*X)
S=({(((0s940646070%E)=1.287822453)%E+1.259695130)%F-0.252128668)*E
140.225836846) *E

XSQ=X%%2

EXPFX=0.0

IF(XSQeLTo709.0)EXPFX=EXP (=XSQ)
CERF=S*EXPFX%*1,128379167

RETURN

END
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PRPCOCCAM SYSGLITNPUT,NUTPUT)

THTS ORPGPRPAVM ISEQ GAIISS—] ANUIERRE OUANRATIIPES ALNNG WTTH

f1ASS A NIOTSE MONEY TP CAMDI'TE SYSTEM PEPENRMANCE,

SFF PRNERAM SYSAPD FAR EHRTHIP DNETATLS,

NTMENSTON TPRPAY(6)s7(15)sH(1%)

NATA TRAY/=1y=19=15s0s=19=-1/

NATAE 770,0923078190,4C269174451,7155954192.26GG4G52,3,€66762272,
15425236639 7.56591622,10,12022857912,12028248,1€.65440771,
220, 77TEL 7890525 ,6232G422531 ,4C75191793R.53068331,48.02608557/

PATA /218234895 ,342210189 263027585 .12642582, .40206865F~-1,
TeB562R778E=29 12172436 1F=25,111674639FE~3 ,64659G268BE~59 «22263169F-6,
242276304 F—89+39218973F-10s,14565153E-129,14820271E-1%,
3,160CE949F~-19/

CALL SYSTEMLC(115sTRAY)

PPINT 4

FOPMAT(IHT)

NN 50 N=1,29

SPRx=30 ,42,5%(N=-1)

S=10,¥%k(SNR/IN,)

AK=S%%*n 5

S"”:Ca

Nr 20 K=1,15
CALL FUN(7{K)YsAKF)

SUM=SU!MEF¥H(K)

CONTTNHF

PE=SU!M/2,1415092654

PRINTR, SQR,PF

JF(PELT.1.E-9Q) CALY EXTTY

CONTINIE

FROMAT{ 10X 2(1PF12.552Y))

ENP

SUBROUTINE FUN(X,P,Y)

THIS FUNCTION ROUTINE IS FOR CLASS A NOISE FOR USE
WITH PROGRAM SYSGL.

A=04.35 :

GAM=0.,5E-3

V=X+P

SM=0. $ FJ=1.

DO 20 JJ=1,26

J=JJ-1

[F(JNELO) FJ=FU*y
SIGSA=(J/A+GAM) /(1 .+GAM)
T=(2.%V/SIGSQ)*((AX%x])/FJ)¥EXP(=V*V/SIGSO)
SM=SM+T

CONTINUE

Y=SMXEXP(X)®ACOS(P/V)*EXP(=-A)

RETURN

END

30



OO ODOOOHIOOOO

20

30

PRNOGRAM SYSAPD(INPUT,OUTPUT)
THIS PROGRAM MAKES DIRECT USE OF THE MEASURED APD DATAs31 LEVELS,
AND ESTIMATES THE PDF OF THE ENVELOPE FOR USE IN THF GENERAL
COHERENT SYSTEM PERFDORMANCE ALGORITHM, THE PROB 0OF BIT ERR(QR
FOR BINARY CPSKsCFSKsAND COHERENT ON-OFF IS ESTIMATED. THE
SIGNAL POWER IS GIVEN BY Ss AND THE NOISE IS

NORMALIZED SO THAT THE MEAN NOISE POWER IS UNITY, THEN

THE SIGNAL-TO=-NOISE RATIO IS ALSO GIVEN BY S. SIGNAL=-TO-NDISE

RATIOS FROM 40DB TO -30NB ARE COVERED IN 2,5DB STEPS. THE

PROGRAM USES GAUSS-LAQUERRE QUADRATURES TO EVALATE THE INTEGRALS,

FOR CPSKs AK=SQRT(S)

FOR CFSKs AK=SOQRT(S/2.)

FOR OFF=0ONys AK=SQRT(S/4.)

NOTE, BEFORE THIS PROGRAM IS EFFECTIVEs THE ENTIRE APD MUST

BE COVERED BY THE 31 (DR LESS) LEVELSe THAT IS, P SHNOULD

RANGE FROM ABQOUT 0.95 OR HIGHER DOWN TO ARDUT 1.0E~5 OR SMALLER.

DIMENSION CL{31)»SL(31)sP(31)sCX(31)sSX(31)sSP(31)

DIMENSION Z(15),H(15)

DATA CL/109%057e5106513:916e919692269256928¢9316953449374>
1406943694669 49¢952¢955¢6958¢96109654e967e¢97069736976697F 6
282.!85.!880)910/

DATA P/ e99825 699655699305 698609 e97245 ¢ 9460589649 .80855 6696,
1649469 635199629979629499e6294490629345629169e28795.28075.2669,
2¢24159419819461343,.063725,,016705.0021165.0001047,.C00001072»
300’00’.0!00/

CL IS THE APD LEVELS IN DB AND P IS THE PRNBABILITIFS AT

THESE LEVELS.

DATA 7/040933078150.492691749162155954152.26994G52,3.66762272>
15.42533663,7.565916235,10.12022857513,13028248516,65440771,
220.77647890525¢62389423531.40751917,38.53068331948.02608557/

DATA H/.218234895.342210189.263027585¢12642582, ,40206865E~-1,
1.85638778E=29612124361F=256111676439E-3, (64599268FE=5,,22263169F~-6,
2¢642274304E-89¢39218973F=105.14565153F=125.14830271FE-15,
3.16005949F-19/

H AND Z ARE AS GIVEN IN EN, 28 OF TEXT,

CX(1)=1.5%CL(1)-0.5%CL(2)

SX(1)=10e%%(CX(12)/20,)

DO 20 I=2,31

CX(I)=(CL(I-1)+CL(I))/2.

SX{I)=10.%*%(CX(1)/20.)

CONTINUE

COMPUTE RMS

SUM=SX(1)*SX(1)*(1.-P(1))

DO 30 J=2,31

T=SX(J)ASX(J)*(P(J=1)=P(J))

SUM=SUM+T

CONTINUE

RMS=(SUM+10.%%x(CL(31)/20.,)%P(31))%*%0,5

NORMALTIZE TQ RMS LEVEL AND COMPUTE PDF

CL{D)=CL(1)=20.*%ALOG1O(RMS)

SL(1)=10.%%(CL(1)/20.)

SX{1)=SX{1)/RMS

CX(1)=20.%AL0OG1I0O(SX(1))

SP(1)=(1.~-P(1))/SL(Y)
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DN 40 K=2,31

CLIK)=CL(K)=20.%ALOG10(RMS)
SL(K)=10.%*%(CL(K)/20,)

SX(K)Y=SX(K) /RMS

CX(K)=20.,%ALOGIO(SX(K))
SP(K)Y=(P(K=1)=P(K))/(SL(K)=SL(K=1))
CONTINUE

PRINT 6

FORMAT(1H1)

DO 80 N=1,29

SDB==30,+2,5%(N=-1)

S=10.%%(SDR/10,)

AKsSORT(S)

SUM=0, % MM=?

DO 70 L=1515

V=Z(L)+AK

IF{VelLToaSX(1)eORaVeGTaSX(31)) 15516

DO 17 M=MM, 3]
TF(VeLE«SX(M)eANDoV.GT.SX(M=1)) GO TN 18
CONTINUE
IF(SPI{M=1)eEQe0eeDR«SP(M).EQs0,) GN TO 15
YOB=(20*ALOG10O(V)=CX(M=1))/(CX{M)=CX(M=1))
YDB=YDB* (20 *ALOGLO(SP(M))=20.*%ALOGIO(SP(M=1)))
YDB= YDB+20*%ALDGLO(SP(M=1))
Y=10.%%(YDB/20.)

MM=M

GO T0 19

Y:OQ

T=YXEXP(Z(L))*ACOS(AK/V)

SUM=SUM+TXH (L)

CONTINUE

PE=SUM/3,141592654%

PRINT 8, SDBsPE

IF(PE.LT.1.E=9) CALL EXIT

CONTINUE

FORMAT(10Xs2(1PE12.553X))

END
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PROGRAM SYSWR(INPUT,QUTPUT)

THIS PROGRAM USES WEDDLES RULE FOR THE
INTEGRATIONS REQUIRED IN THE DETERMINATION OF
SYSTEM PERFORMANCE,

DIFFERENT FUN1 SUBROUTINES ARE USED FOR
DIFFERENT NOISE MODELS AND/OR NOISE MEASUREMENTS.
DIMENSION Z(7)
COMMON/QQQ/AAs ALPHA, OMEGAs AK

PRINT 5

FORMAT(1H1)

AA=1,0

ALPHA=1,.?

OMEGA=0,00079433

AK=1.,

CALL FUN1(1lesZ2Z)

D0 60 J=1,15

SDB==30,+45.%(J-1)

S=10.%%(SD3/10.)

AK=S*%) 45

gUMa"ﬁu

DO 59 T=1,15

AKDRB =20 %ALJG10 (AK)

ADB=AKDB4+4 % (I-1)

BDRB=AKDB 44 %]

A=z10.%¥*%(ADR/20,)

B=10.%*%(83DB/20.)

DX=(R-A)/6,

DO 40 K=1,7

X=A+(K=-1)%*DX

CALL FUN2(X,Z7Z(K))

CONTINUE

SS=0e3¥DXK(Z (L) +5e*%Z(2)42(3) 46 *Z(4)+Z(5)+5%2(6)4+72(7))
IF(SS.EQeD) GO TQ 55

SUM=SUM+SS

CONTINUE

PE=SUM/3,141592654

PRINT 8, SDB, PE

IF(PESLTe1sE-7) CALL EXIT

CONTINUE

FORMAT(12XsF5.19s2Xs1PEL12,.5)

END
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SUBROUTINE FUN1(XsY)

THIS SUBRROUTINE IS FOR USE WITH PROGRAM SYSWR.

IT MAKES USE OF MEASURED APD DATA, SEE PRDGRAM

SYSAPD FOR FURTHUR DETAILS.

DIMENSION CL(31),SL(31)sP(31)sCX(31)sSX(31)sSP(31)

COMMON/Q/AK

DATA CL/1e94e97e910e913¢351606351945226392569286931693%4493740
14009630946 49567¢9520955¢9958e9h1e9b4e96T769706973097H5e97F 0
2820’850’88.,91./

DATA P/e34355 8914,y 79845 ¢H5491 94516526315 .14455.085755.,05387,
1.034A85,022595e0148B15.0097365.006414,,004230,.0027925.001843,
2.0012175.20080415.0005312,.0003509,.0002318,,0001532,,0001012,
3.,000065855 400004417, .000029185.00001928,.00001274506s504/

CL IS THE APD LEVELS IN DB AND P IS THE PROBABILITIES AT

THESE LEVELS.

CX(1)=1e5%CL(1)=0.5%CL(2)

SX(1)=10.%%x(CX(1)/20,)

DD 20 I=2,31

CX(I)=(CL(I-1)+CL(I))/2.

SX(I)=10*x(CX(1)/20,)

CONTINUE

COMPUTE RMS

SUM=SX(1)*SX(1)*(1.=P(1))

D0 30 J=2,31

T=SX(J)RSX(JI*(P(J=-1)=-P(J))

SUM=SUM+T

CONTINUE

RMS=(SUM+1D.xx(CL(31)/20.)%P(31))%%0.5

NORMALIZE TO RMS LEVEL AND COMPUTE PDF

CL(L)=CL{1)=20.,%ALNGLO(RMS)

SL(1)=10.%%(CL(1)/20.)

SX({1)=SX(1)/RMS

CX(1)=20.*ALOGI0O(SX (1))

SP{1)=(1.,-P(1))/SL(L1)

DD 40 K=2,31

CLIK)=CL(K)=20.*AL0OG1O(RMS)

SL(K)=10.%%(CL(K)/20,)

SX(K)=SX{(X)/RMS

CX(K)=20.*%¥ALNG1IO(SX(K))

SPIK)=(P(K=1)=P(K))/(SL(K)=SL(K=-1))

CONTINUE

MM=M

ENTRY FUN?2

V=X

IF(VeLToSX(1)eORGV.GTSX(31)) 15,156

DD 17 M=2,31

TF(VelLE«SX(M) e ANDV.GT.SX(M=1)) GO TO 18

CONTINUE

IF(SP(M=1)eENe0esORSP(M),EQ.0.) GO TO 15

YDR=(2D*¥ALAGLIO(V)=CX{(M=1))/(CX(M)=-CX(M=1))

YD3=YD3¥(20*ALOGLIO(SP(M))=20.*ALOG1I0(SP(M=1)))

YDB= YDR42D,.,%ALOG10(SP(M=-1))

PDF=10.%%(YDB/20.)

G0 T2 19

PDF=0,

Y=PDF*ACTOS(AK/V)

RETURN

END
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SUBROUTINE FUN1(XsY)

THIS FUNCTION RQUTINE IS FOR CLASS B NODISE FORP USE
WITH PROGRAM SYSAR,
COMMON/QQO/AAZALPHA,OMEGAy AK

ENTRY FUNZ2

V=X

IN=VxV/OMEGA

SM=0. % FN=1., ¢ SM1=0,

DO 20 NN=1ys26

N=NN=1

TF(N.NELO) FN=FN=*N

CALL CONHYPU(1 =NXALPHA/2492¢3INsSyIOVFLW)
CALL CONHYP(1e=N®ALPHA/2453esZINsSS»INVFLW)
SSS=(IN/2 )% (1 +N® ALPHA/2,4)%SS
T=(((=AA)%%N) /FN)*GAMMA(L ( +NXALPHA/2,)%(S-SSS)
IF(INVFLANELL) GT TO 14

SM1=SM1+T

GO TO 2?0

SM=SM+T

CONTINUE

FP=0.

IF(ZIN.LT«675,) FP=EXP(=ZN)
PDF=(2¢%V/OMEGA) ¥ (FP®*SM+SM1)
Y=PDF*¥ACOS(AK/V)

RETURN

END






FORM NTIA-29 U.S. DEPARTMENT OF COMMERCE
(4-80) NAT'L. TELECOMMUNICATIONS AND INFORMATION ADMINISTRATION

BIBLIOGRAPHIC DATA SHEET

1. PUBLICATION NO. 2. Gov't Accession No. 3. Recipient’s Accession No.
NTIA Report 82-95
4. TITLE AND SUBTITLE 5. Publication Date
Digital system performance software utlizing noise February 1982
measurement data 6. Performing Organization Code
NITA/ITS
7. AUTHOR(S) 9. Project/Task/Work Unit No

A. D. Spaulding

ﬁg)?%ﬁ%ﬂN%gﬁ%%%%ﬁﬁﬂ#%gﬁﬁgﬁéMgmfﬁ%ormation Administration

Institute for Telecommunication Sciences
325 Broadway
Boulder, Colorado 80303

10. Contract/Grant No.

11. Sponsoring Organization Name and Address 12. Type of Report and Period Covered

Department of the Army )

U.S. Army Communications Electronics Engineering Technical Report
Installation Agency =

Ft. Huachuca, Arizona 85613

14. SUPPLEMENTARY NOTES

15. ABSTRACT (A 200-word or less factual summary of most significant information. If document includes a significant bibliography or literature
survey, mention it here.)

This report summarizes techniques that use the measured instantaneous
envelope statistics of arbitrary noise or interference processes to calculate the
degradation these processes cause to digital communication systems. Computer
implementation of the techniques are also given. The computer algorithms are
designed for the data obtained from a general purpose noise measurement device,
termed the DM-4 (for "distribution meter-model number 4") recently developed by
NTIA/ITS. For illustration and for comparison with theoretical results, two
noise examples are employed, one for "narrowband" interference, and one for
"broadband" interference. These examples are taken from the noise models recently
developed by Middleton.

16. Key Words (Alphabetical order, separated by semicolons)

computer algorithms; digital system performance; non-Gaussian noise;
system performance software.

17. AVAILABILITY STATEMENT 18. Security Class. (This report) 20. Number of pages
X unuimiTen. Unclassified 35
19. Security Class. (This page) 21. Price:

D FOR OFFICIAL DISTRIBUTION.

Unclassified

U.S. GOVERNMENT PRINTING OFFICE: 1982—577-818/149 Region No. 8




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


