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PREFACE

Research Laboratory during the period March 1975 to August 1977.
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The work discussed in this report was performed under Work Unit 72330416, Self-Organizing C pntrol/RPV
Augmentation,This work supplemeai @ MBL Techyical Banatt AMBL TR.T3-130, TERCOM Performance
Analysis and Simulation, by presenting the effect of two common errors,

heading and ground speed, on the

TERCOM model derived in that report. improvements of terrain generation have alsa been incorporated so
that realistic non-Gaussian terrain may be treated. The analysis and simulation work was performed in the
Mathematics and Analysis Branch of the Biodynamics and Bioengineering Division, Aerospace Medical
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INTRODUCTION

The terrain contour matching (TERCOM) navigation system is proposed as an automatic updating device to be
used as a supplement to standard inertial navigation aystems. The aircraft using TERCOM samplos the
terrain amplitudes beneath its flight path by means of a radar altimeter and stores a string of N samples in a
temporary on-board computer memory. This vector, composed of the N-terrain samples, is then compared with
all N-component amplitude vectors extracted from an amplitude array in permanent memory, representing
the topography of the terrain over which the aireraft is expected to be flying. The best match between sampled
and stored vector determines the ground track over which the aircraft has just flown and hence its
geographical position. This system requires that the inertial system be accurate enough to place the aireraft
inside the boundaries of the terrain map stored permanently in the on-board computer. A typical mission
would consist of a number of inertial legs with a TERCOM position check at the end of each to assure more
accurate navigation than could be achieved with the inertial system alone. The algorithms proposed for use in
matching the stored terrain vector with the sampled terrain vector are the MAD (minimum average distance)
classifier and the MSD (minimum mean squared distance) classifier. The MAD classifier, which is preferred
because of its computational simplicity, was studied in a provious report (rof 1) and was shown to give
essentially the same performance as the MSD classifier under all conditions studied under vot' 1
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TERRAIN SAMPLING ERRORS

In the previous report (ref 1) the terrain amglitude sampled by the aircraft was assumed to have had the same
geographical coordinates as some subset of the terrain amplitudes stored in the on-board computer memory.
Such a condition is shown in Figure 1, in which a sample terrain section is shown. The h axis designates the
terrain amplitude above (or below) some reference plane. The amplitudes representing this terrain that are
stored in the on-board computer are denoted by the length of the vertical line between the reference plane and
the heavy dots at the intersections of the X and Y grid lines. The row of crosses running across the middle of
the terrain represent the location of the amplitudes sampled by the aircraft as it flies over the real terrain.
Gaussian noise was added to the stored terrain to account for aircraft sampling errors, errors in stored terrain
altitude values and all other possible errors. This was certainly an oversimplification, since all noise sources
were assumed additive at all levels. This assumption is not true for a combination of heading and
ground-speed errors, as shown later in the report. ;

Figure 1. Terrain sample showing stored amplitudes and sampled amplitudes for original TERCOM
analysis.

A more realistic approximation is shown in Figure 2, where the aircraft sampling of altitudes may occur
anywhere on the x, y plane. Figure 2 shows a possible sampling track in which the distance between aircraft
sample points (AR,) is still equal to the distance between the sample points stored in memory (AX;) and the
track runs parallel to the axis. Figure 3 shows a condition where aircraft ground speed is slightly faster than
the programmed speed, so the distance between aircraft sample points (AR,) is greater than AXj. If ground
speed were lower than the programmed speed, AR, would be less than AXy. Figure 4 shows an example of a
course heading error o. The track is no longer parallel to the X axis, but AR, = AX,, so the ground speed is
correct. A final condition where both AR, and o vary was studied so that the interaction between the two could
be investigated.




Figure 2. Terrain sample showing stored amplitudes and sampled amplitudes with no groundspeed
or heading error.

ARA > AXy

Figure 3. Terrain sample showing stored amplitudes and sampled amplitudes with a groundspeed
error but no heading error.

HEADING ERROR = ¢
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TERRAIN GENERATION

Experience with terrain generation gained in previous work showed that typical real terrain arrays contain
both flat and hilly areas (ref 1). Amplitude histograms computed from a large area of real terrain appeared to
be nearly Gaussian. However, amplitude histograms computed from smaller areas of this same terrain array
were non-Gaussian. (The distance between sample points on these arrays was 400 ft.) The non-Gaussian
behavior of the smaller terrain samples and visual inspection of these same samples indicated that more
realistic terrain could be generated from a non-stationary amplitude distribution. The comparison of
simulation runs for real and artificially generated terrain in ref 1 showed that TERCOM performance over
artificial terrain was the same as for real terrain if a certain parameter ratio, o/, was the same for both
types of terrain. The parameter o, is defined as o,* = E{(X, - X,,))?} where E denotes expectation and the X,
are the terrain sample points. oy is just the variance of the sample amplitudes. o, gives a measure of terrain
roughness, but it was found that o,/o; was more informative than ¢, alone. A small o,/ indicates smooth
terrain with little variation between the sampled amplitudes, but possible large, slow fluctuations in
amplitude over the entire area. A large (o,/oy) indicates large variation between adjacent sample points but
possible small variation in overall amplitude. It was found that o,/o; values in the range required could not be
produced by artificial terrain generated by a stationary Gaussian process. The first method used to introduce
nonstationarity was simply to generate a Gaussian distribution of terrain amplitudes and then to set all
amplitudes in a number of adjacent rows of the array equal to zero to produce flat areas. The number of rows
set equal to zero was adjusted until the value of o,/o; matched that of a particular set of real terrain
amplitudes. A different approach was clearly required to remove the amplitude discontinuities present in this
procedure. The algorithm finally derived involves the generation of a Gaussian, correlated-amplitude array
from the method developed by Moshman (ref 3) and described in Appendix B of ref 1, and the multiplication of
this array by a gain function that varies with distance in one direction across the array.

The gain function is
where X, 1s the X coordinate
X)) = 2l of the center point of the array.

(1 + X/X,)?
In terms of terrain sample points, X,, wherei = 1, 64,

Gy, F where X, = 32.

(1 + (X~ VX1

The value of o,/ oy 1s adjusted by changing X, the coordinate where G(X,) = .25.

This is the form of G(X) used by the computer program in appendix A. A typical terrain array generated by
this program is shown in Figure 5. An amplitude histogram of this array, shown in Figure 6, displays a
non-Gaussian shape. However, ten arrays were generated, and when all were normalized to have the same
mean amplitude of zero, the histogram resulting from the combination of all ten is essentially Gaussian, as
shown in Figure 7.




Figure 5. Typical terrain array.
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FLIGHT SIMULATION PROGRAM

This program was separate from the terrain generation program and used ten pre-prepared terrain arrays to
simulate TERCOM runs with variations in ground speed and course heading. The program read in a
particular 64x64 terrain array and set up two representations of the array in computer memory. One
representation (array 8) was served as the array stored in the aircraft’s on-board memory. Noise of a selected
level was added to this array, point by point, to simulate errors introduced in transcribing terrain amplitudes
from small scale aertal photographs or maps (ref' 2). This notse may be correlated or uncorrelated; both types
were tested.

The second representation (array R) was used to sinulate the actual terrain over which the aireraft was flying.
The radar altimeter values were obtained from this array. The track length of each TERCOM run was 48
points out of the available 64. Following the information in ref 2, the distance between points was set equal to
400 ft. Each such distance will be referred to as a cell length. This makes the average 48-cell track length
equal to 19,200 tt or about 3.6 mules. Track starting coordinates were chosen at random but hmited to assure
that the entire 48-point track would lie within the 64x64 array.

The runs proceeded in a direction parallel to the X axis. It was assumed that terrain sampling noise in the
radar altimeter samples from array R would be much smaller than errors present in the on-board computer
representation; array Sref 2). Therefore, no noise was added to the track obtained from array R.

As mentioned earlier, this simulation allows the track to begin at any X and Y coordinate (that would allow
the track to be completely within the array) and not just at the discrete points represented in the on-board
terrain array. Both terrain arrays represented in the fhight simulation program exist only as discrete
amplitudes at coordinates x, and y,, which T will call Land J, respectively. The method used to extrapolate the
terrain between the L and J coordinates in array R, for use as the radar altimeter sampled values, is very
simple. The three sets of (1, J) coordinate pairs nearest to each (X, Y) coordinate pair are determined by the
program, and a plane 1s defined by the three sets of terrain amplitudes A(l, J). The terrain amplitude at (X, Y)
called H(X, Y) s then defined as the distance between this plane and the H = O plane. An illustration of this
linear interpolation method 1s shown in Figure 8. In a typical track generated by the program, none of the XY
coordinate pairs comncide with an LJ coordinate pair.

A(L,Jel)
PLANE DEFINED BY p
THE THREE NEAREST '

VALUES OF A1) \ : i S All+l, Jo1)
Tm«u.d)
)

ALLOY Y

L 08T e SR

(Tel,de)

(I+1,0)

Figure 8. Terrain amplitude extrapolation method.




To simulate ground-speed errors, a parameter ratio V'V, was entered into the program. \ was the true ground
speed while V' was the programmed or expected ground speed at which AR AN - L The maximum V V, ratwo
used was 1.1 and the minimum was .9, representing about a + 10% change in ground speed. This produced a
maximum track length of 48 x 1.1 = 52 8 cells. This lengthening of the sampled track constrained the x
coordinates of the randomly selected starting points to X < 11 in order that the entire 48-point track should fit
within the array.

The fina! effect was the introduction of course heading ervors. The maximur angular error considered was 8
This further limited the random starting coordinates along the v axis. If the maximum possible track lengt h
was 53 cells and the maximum angle was 8%, the projection of this track on the y axis was 53 sin 87, whichas
about 7.4 cells. The v axis starting coordinates were thus limited to the regton 8 « v < 56.

il




SIMULATION RESULTS

TERCOM PERFORMANCE WITH SYSTEM NOISE ONLY

The terrain generation and track placement methods were changed sufficiently between this report and the
previous one (ref 1) that it is worthwhile to compare some results from ref 1 to the new data. Most of the
performance results in the previous report were plotted in terms of the number of correct position fixes vs.
ooy (oy is the standard derivation of the additive noise). Since none of the tracks in the present simulation
fall on the exact I and J coordinates of the stored terrain, a correct position identification will be defined as a
fix (in terms of I and J) within one cell length of the track starting coordinates. The values of o;/o; for the ten
terrains generated range from .1 to .33, so the results were compared to a performance curve from ref 1 which
had been computed on terrain with a o,/ of .2. This comparison is shown in Figure 9 for the case when noise
added to the terrain was uncorrelated. The solid curve represents the data of ref 1 and the points represent the
new data. Each point represents the average of ten runs on a particular terrain array at the level of o-/oy
indicated. Clearly there is almost no change between new and old data. Starting the track at points between
the 1,J geographical coordinates has no effect as long as the ground speed and course heading are the
programmed values. Another method of looking at the data is shown in Figure 10 where the average miss
distance is plotted as a function of o/ cry.
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Figure 9. Percent correct responses (within 1 cell of correct location) for ry = 0 and 7y = 1024 cells.

It is evident that for low «,/ry values (high noise levels) the error in location can be as large as 6000 to 8000 ft.
However, for values of o,/ greater than 1.5 we have an almost perfect correct fix score. A similar plot is
shown in Figure 11, where the noise added to the terrain is correlated and has the same correlation length as
the terrain. In this case, the miss distance does not descend as rapidly as it does in Figure 10, and perfect fix
capability is not reached until /oy ~ 2.5. The average miss distances at lower /oy values are also higher
than those shown in Figure 10.
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TERCOM PERFORMANCE WITH VARIATION IN GROUND SPEED
AND COURSE HEADING

The effect of ground speed variation was carried out under conditions where oy oy was greater than 100, and
a,/ay was greater than 10, thereby minimizing noise effects from sources other than ground-speed variation,
This simulation assumes that the aircraft is sampling terrain amplitudes at a fixed rate so that variations in
ground speed about V, will cause the geographical distance between sample points to vary about the expected
400-ft intervals. The effect of a constant ground-speed error is shown in Figure 12 where an asymmetry in
performance is evident about the value V/V, = 1.1t is seen in Figure 12 that the average and the variance of
the miss distance grow more rapidly for V/V, < 1 than for V/V§ =~ 1 - an unexpected result. Figure 13 shows
the increase in average miss distance as the course heading error increases from 0° to 8. Again, each point
represents 10 trials on a particular terrain, and the mean is computed from 100 trials distributed over 10

terrains. Here, o,/oy is greater than 2; large enough to ensure an average miss distance under 1 cell length for

0° heading error.
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Finally. Figures 14 and 15 show the effect of ground-speed errvors for 3 different course heading evrors. Figure
14 shows the results for a track length of 48 cells while Figure 15 shows performance with a shorter track

length of 32 cells.

The increased miss distance for ground speeds lower than V,, is more evident for larger course heading ervors
and smaller track lengths.
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CONCLUSIONS

This simulation provided a more realistic simulation of TERCOM than the method used in the previous report
(ref ). The simulation showed that even when the radar altimeter sampling points fell between the X and Y
coordinates of the amplitudes stored in the on-board computer, the per cent of positions identified correctly
remained about the same function of o,/ oy as those of ref 1.

Apparently, there is sufficient correlation between sample points in the terrain model so that correct fixes can
be made with probability ~ 95 for a,/oy = 1.5 if the additive system noise is uncorrelated. With correlated
noise having the same correlation length as the terrain, we saw that the 95% correct fix range is o,/oy ~ 2.0.
This result is in agreement with the findings of ref 2 that correlated noise causes a higher error rate than
uncorrelated noise. For longer track lengths, it is expected that the o,/ ratio for 95% correct tixes would be
lower.

TERCOM may be used with unmanned vehicles such as long-range RPVs. Performance of precision attack or
reconnaissance missions will require remote operator intervention during the target approach phase of the
flight. Present control philosophy envisions a video feedback to the operator, enabling him to identify the
target or specific landmarks and to make course corrections or weapons launches as required. However, due to
the enemy electronic detection and the subsequent jamming threat, it is felt that video transmission time
should be held to a minimum, and consequently video frame rates may be less than normal. All this implies
that the RPV operator should find his vehicle close to the target when video transmission begins, or he may
not be able to locate it at all. Studies underway at AMRL/BBM indicate that even with a narrow field of view,
say 20° and an altitude between 500 to 1000 ft, a positioning error of around 1000 ft still gives the RPV
operator enough time to maneuver the vehicle over the target or to release weapons.

If we then consider 800 ft, or 2 cell lengths, to be a maximum acceptable average position error, we see from
Figure 14 that this error occurs for a course heading deviation of 2° from the expected course. Figure 11 shows
that this criterion is also exceeded for a ground-speed error of +5%. The interaction between these two error
sources shown in Figure 14 tells us that if a course heading error of 2°is allowed, the ground-speed error must
be limited to +3% if we are to meet our 800 ft criterion. The ground-speed error in the simulation occurs
because TERCOM is assumed to sample altitudes at a fix time rate, while the actual aircraft ground speed
may be somewhat higher or lower than expected. If a doppler radar system can be used to measure ground
speed with sufficient accuracy, the ground-speed error could be reduced by altering the sampling rate of
TERCOM. However, even if ground-speed errors are eliminated, the error in the course heading must be kept
to below 2° for the 48-cell track length. While the 48-cell track length and the 64x64-cell terrain matrix are
reasonable for an operational system (ref 2), other longer track lengths and larger array sizes may be preferred
for greater positioning accuracy.

Nevertheless, the calculations show that the accuracy of the system depends most heavily on the course
heading error. This in turn is related directly to the accuracy of the inertial navigation system, and cannot be
corrected by doppler radar, as can the ground-speed errors. Thus, for any system using only inertial and
TERCOM navigation (with no external aids such as LORAN), this study concludes that successful use of
TERCOM depends primarily on the heading accuracy of the inertial navigation system chosen for the aircraft.

The computer programs developed for this study can be used with larger array sizes which are not necessarily
square and a longer track length, permitting the study of other TERCOM configurations. The programs which
are listed in appendices A (Terrain Generation) and B (Flight Simulation) provide a flexible computational
tool for the determination of acceptable accuracies of various TERCOM configurations.

14
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APPENDIX A
TERRAIN GENERATION PROGRAM

PROGRAM TIRZ(INPUT,OUTPUT,TAPTYL)
DIMEGSTON A(hby,be)

Iu=1

INIM=p&
A FMAN= 0

£=5,

CALL RANSETU(E)
SIGNO=29.
TC=1024,
10 NEX =2
XO0=wde
00 100 NCTR=1,10
00 29 I=1,IDIM
60 20 J=1,10IM
15 ACT,J) =0,
20 CONTINUS 3
IF{TCeNE«0.)GO TO 24 1
R0O=0,
ROL1=u,.
20 GO TO 25
2w ROZIXP (=1%/T0)
KO1=UXP (=SQRT (240 /TC)
25 ACA=R0/(1.+R01)
ACB=SORT (1e=2¢*((RO)**2) /(01+14))
25 CALL KAND2(RN1,8N2,SIGNO,FMEAN, ID)
KN 3 =RNQ
D0 30 I=1,IDIM,2
CALL RAND2(RNL,RN2,SIGNO,FMEAN, ID)
ACL 1) =RO*RN3¢SQRT (1.=RO**2) *RN1
30 A(T+1,1)=R0*A(I,1) +SQRT(1,=-R0**2)*RN2
AN3=A(I+1,1)
30 COWTINUE v
D0 31 J=2,101IM i
CALL ~AND?(PN1,RN24SIGNO,FMEAN, ID) | 3
35 A1) =RO%A(1,J=1) +SQRT (1, =RO**2) *RNY :
AL24J)=ACAR(A(1,J) +A(2,J=1)) +ACB*RN2
00 31 I[=3,IDIM,2
CALL RAND2(RN1,RN24SIGNO,FMEAN, ID) |
ACT4J) =ACA* (ACI=1,J)+A (L, J=1)) +ACB*INL
] ACI#1,J)=ACA® (A(I,Js+A(I+1,J=1)) +ACB*RN2
31 CONTINUS
D0 35 I=1,IDIM
00 3% J=1,IDIM
ACIsJ)=ACL,d)®*(1e/ (1ot (FLOAT (J=1)/X0) **NEX))
4> 35 CONTINUS
WRITZ (1) NCTRy ((A(I,U)3I=14IDIM),U=1,1I0IM)
160 CONTINUL
PRINT 1024NCTR,&
102 FORMAT (10X, *NCTR=*12,5X,*.=*F16547) 3
50 CALL RANGET(P) 3
PRINT 103,P
103 FORMAT (10X, *P=*E15,7)
REWIND 1
sTop
55 END

15
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APPENDIX B

TERCOM FLIGHT SIMULATION PROGRAM

10

20

23
25

PROLGRAM TER (INPUT,,0UTPUT,TAPZY)
OIMINSION A(b4ygoe) 9S(B4) A3 (Hw,ybU)
DIMENSION RN(6GL)
RO=,49993239

Eze76420672

PNN=1.0%

‘NL=48

NEBL =b&

NLS =NBL=NL

RLS=FLOAT (NL5)

BL5=11.

CALL RANSET(F)

PRINT 107,E

PRINT 101
ANUM=SNUM=DOMSD=0MAD=0,
DO 72 NC=1,10
AD1=S01=2A02=502=0.
READ(1) NCTR,A

PRINT 104,4NC

SUM10=0.

SUM11=0.

RA=20.

PHI=0.

PRINT 102,PHI
PHI=(PAI/180.)*3.141£926
FME AN=0.

IK=JK=64

BN=FLOAT (IK* JUK)

SUM=0.

BN2=FLOAT(IK=-1)

00 10 I=1,IK

00 19 J=1,JK
SUM=SUM+A(I,J)

CONTINUE

AVE =SUM/BN

SUM=0.

00 20 J=1,JK

DO 20 I=1,IK
SUM=SUMe (A(T ,J)=AVE) **2
CONTINUE
SIGT=SQRT(SUM/BN)
SIGNO=SIGT/RA

10=1

IF(RO«NE«0s) GO TO 22
RO1=0.

GO TO 25

IF (RO«NE«14)GO TO 23
RO1=1,

GO TO 25
SCN==1,/AL0G (RO)
RO1=EXP(~=SQRT(2.) 7SCN)
ACA=RO/ (1++R0O1)
ACB=SART(1e=2.*((ROI**2) /(RO1*1.))
CALL RANDZ2(RN1,RN2ySTIGNO,FMEAN, ID)
RN3 =RN2

DO 30 I=1,64,2

CALL RAND2(RN1,RN2ySIGNOyFMEAN, ID)



60

65

70

75

80

90

9%

100

105

20

&)
a1
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FROM COPY FURNISHED 70DDC

RN (1) =PO®INT+SQRT (14=R0**2) *RNY
IN(1+41)=RO*RN(I) ¢SART(14=RO**2) *RN2
SUMIOERN(I)I®*2a-N(T+1) **2+SUMLD
SUMLIL=RN(L) *RN(I+1) +SUMLL
A3(T,1)=A2(1,1) +RN(])
AJ(I+1,1)=A(Te1,1) ¢RN(T*1)
RN3=RN(l¢}))

CONTINUZ

00 31 JU=2,64

CALL RANODD(RN14RN2,SIGNOFMLAN,10)
RN(1)=RO*RN(1)+SQRT(1,=-RO®*2)*RN1
RN(2) =ACA®(RN(1) ¢RN(2) ) «AC3*RN2
SUMLOSRN(L) ®*2exN(2)%* 2eSUMLD
SUMLL=RN(1)¢RN () +SUMLY
ARCL,J)=A(1,J) #rN(1)
AB(2,J)=A(2,0) ¢RN(2)

D0 31 Ix3,08,2

CALL RANDC(RN1,RN23SIGNO,FMEAN, ID)
RN(I)=ACA® (RN(I=1) ¢RN(I)) *ACBORN]T
RN(I¢1)=ACA® (RNCI) ¢RN(T¢1)) ¢ACB *RN2
SUMLI0=AIN(TI)®**2erN(Te1) **2eS5UMLY
SUM1123RN(I)eRN(I+1) ¢SUMLY

A (L, W) =A(1, ) +rRN(])

ARV (T+1,U) =2A(1e1,J) ¢RN(T1*1)
CONTINUS

SUM=0,

00 H2 J=1,UK

00 52 I=1,IK

SUM=SUMeAR(] 4 V)

CONTINUL

SUM=LUM/4090,

D0 S U=1,UK

N0 S0 I=1,IK

AB(1,U)=A3(I,0)~SUM

CONTINUT

SUZVUN=SART(SUMI0/609€¢ e = (SUMLL/4 0000 )%"%2)

IF(SDe VNaNLe 06D 060 TO 40
SNR=t1e11

GO TO wi

SNR=STLT/S0E VN

PRINTL1S,S08 UNySIGT,SNR
0=2

00 77 L=t1,10

CALL RANODS(RNLZRNZ2ZSIGNOFMEAN, ID)
YO= (3LS®RNL) ¢t

XO= (4H o ®RN2) ¢t 0

Kit=YQ

KJ1=x0

FN=D.

D0 W Mt NL
NEONESIN(PHI) ¢ X0
YONRDOS(FHID) eYO

I=LFIX (V)

JETFIXN(X)

Pe (Y= LCAT(I)) ZUX=FLOAT (D))
IFIPGLat G0 10 &3
DALy D=2 L4 Je 1)) (FLOAT (U ) ) =\)
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130

135

tel

1ab

150

186

160

1058

L

(38§

70

APE AL Ut LD =AU L)Y R (Y=FLOAT(I))
SIM) =0t euled(l,0e1)

ol TO Wb

GLE (AL D =A (L1, U R (FLOAT(1e1) ~Y)
SrELALTIN I ) =AM 21, U)) R IX=FLOAY (D))
SIM) st edleA(Tel 1)

PN = PN+ ONN

CONTINW

SUM=(0,

DO ¥% T=1,NL

SUM=SUNMeS (D)

CONTINUE

SUMESUMANL

MO 56 T=1,NL

SCI) S (1) =SUM

CONTINUL

NL P =oa=NL*Y

SUMR=32000.

SUMRD =Lt 7

QO 62 J=1 UK

00 82 K=i,NLD

SUM=Q,

SUM2=0.

SUMS =0,

00 %8 I=i,NL

I1=Tex=-1

SUMBZARCTT,J) ¢ SUMSK

CONTINUL

SUMBSUMS ZFLOAT (NL)

00 60 1=1,NL

1lelex=t
SUMESUMSAAS (S =AD(IT,J)+SUNS)
SUMI=SUMI (S {1 =A5E1T,J) ¢SUNG) v »2
CONTINUE

TF CSUMLGE G SUNMRIGO TO ot
SUNMR =S UM

KIR=X

KJR =0

TF CSUMDGE«SUMRI) GO YO b2
SUMR D= SUMD

KIR =K

KJR D=y

CONTINUE

AOIST=SQRT(CFLOAT (KT1=KIR)) **2+ (FLOATIKJL=KUR)) ®#2)
SOIST=SARY((FLOAT (KI1=KIR2) I **2 ¢ (FLOAT(KJL1=KJRZ)) ®*2)

PRINT 100,ADISY,50IST
AL =AQTISTeADY

SUL =SOISTYeSO
AD2=ADIST e 2 aANR
SO2=SOISTeeRe802
CONTINUE

ADL=A0L/10.
SOL=SO1/10,

LTURER TS S
SD2=S02/710.

PRJINT 120,8014,A02,801,80?
CONTINUE

\3
“\ﬁv S@ﬁp
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175

180

185

190

19%

100
101
102
103
104
105
106
107
108
109
110
111
112
113

116
120

REWIND 1

PRINT 103,RA

PRINT 112,R0

PRINT 114&,NL

CALL RANGET(0D)

PRINY 107,00

STOP

FORMAY (16X,F642,27X,FB.2)

FORMAT (13X,*MAD ERROR® , 24X, *MSD ERROR*)

FORMAT (1X,*PHI=* ,FlL,1)

FORMAT (1X,*SIGMA T / SIGMA N =*,FbL,1)

FORMAT (1 X, *NCTR=*,13)

FORMAY (1X,®*CORRECT IoDoAT*,213,10X,213,1X,*NISTAKEN FOR*,213)
FORMAT (21X, *CORRECT I40.AT*,2I3,10X,*CORRECY I.D,AT*,21I3)
FORMAT (1X,*RANDOM NUMBER=*,£15,7)

FORMAT (1X2I3,1X,*MISTAKEN FOR® ,213,5X,*CORRECT I D.AT*,213)
FORMAT (1X 213, 1X, *MISTAKEN FOR®,2I3,5X,2I3,1X,*MISTAKEN FOR®,2I3)
FORMAT (7X,*MAD®, 32X, ,*MSD*)

FORMAT (1X,*AVE, MAD ERROR=®,1X,F5,1,11X,*AVE. MSD ERROR=*,1X,F5,.1)
FORMAT (1X,*R0=*,F5,2)

FORMAT (60X, *NOISE SIGMA=*,£15,7,1X, *SIGNAL SIGMA=*,E15,.7,

1°S/N=*,F5,2)

FORMAT (1X,*TRACK LENGYH =*,13)
FORMAT (41X, ®AD1=%,E10e4y 1X, *AD2=*,E1004,10X,*SD1=*,E10,04,1X,%S02=",

1E10.8)

END

115 PAGE IS BEST QUALLTY PRACIICASHE
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10

10

SUSROUTINE RAND2 (RN1,RN2,SIGNO, FNEAN,ID)
X ANF (OUM)

YERANF (DUM)

1IF(IDEQeIGO TO &

[N =X

RN2 =Y

¢ T0 10
CCaSQRT(=24*ALOG (X)) *SIGNO
RN =CCPCOS(E . 28313%Y) ¢FNEAN
RN2=CCPSIN(B, JES1I®Y) ¢ FNERN
RETURN

END

0)“\,;‘:;‘9
o
»““:ﬁ"y
19 @"




REFERENCES
L. Cannon, M.W. and J.W. Carl, June 1974, TERCOM Performance: Analysis and Simulation,
AMRL-TR-73-130 (AD 783 804), Aerospace Medical Research Laboratory, Wright-Patterson Air Force Base.
Ohio.

2. Summers, T.W., 1972, TERCOM False Fix Study, ASD-TR-72-74, Vol 4, Aeronautical Systems Division,
Wright-Patterson Air Force Base, Ohio.

3. Moshman, J., 1960, “Random Number Generation,” Mathematical Methods for Digital Computers, Ralston
& Wilf, eds., New York: Wiley.

21

TUS. Government Printing Office: 1978 — 757.080 682




