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AESTRACT

A siagulaticn approach is given to estimating the
distrituticn of navigational errors observed during a
test of four Army map froducts, conducted by the US
Army Comkat Develcpament Experimentaticn Commard.
Exponential and Gamma distributions are simulated with
sample sizes identical tc the actual data. The
simulated samples are then replicated one thousand
times tc frovide sample sizes of one thcusand for key
parameters such as skewness, standaré¢ deviaticn,
coefficient of variation, range ard selected
quagtiles.. Comparison cf these parameters is then
made with the ©parameters observed in the data tc
determine the fit of simulated distributicns.
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Simulaticn to provide answers to difficult prcblems is
not new. An attempt to simulate the distributicn of
navigational errors when using an existing €I proposec¢ map
product is new. A field experiment ccnducted by the U. 3.
Army Comktat CLevelopments Experimentation Ccmmand (CLEC),
MAPERO III, during the period april-May 1977, was the i

motivaticn fcr a simulation apprcach to the distributicn of
pnavigaticnal errors achieved during this experiment. This
thesis is crganized as follows to explain the simulation

approach taken and the results cf that simulation.
A. SECTION 1I - BACKGHRCUND

This section 1is important for the <reader whc is
unfamiliar with the MAPPRO III experiment. It prcvices an
overview crf the experirment tc includes a discription of tae
experiments' 1lccation, players used, the map products used,
desZgn and cbjectives. The rTesults of FAPPRO III and
analysis techknique CDEC ntilized was provided as a asperture

Ecint for a continuing analysis.
E. SECTICN III - DESCRIPTICN OF DATA

This =section describes the data used fcr analysis. A
descraptican ¢ the raw data, gensration of the data pcints,
transformaticns used, accuracy of the data, form fcr




analysis and Juantity cf the data is prcvided. A summary of
the radial navigaticrn errers is pgrovided as a link to the
gcal of simulating +these <errors with an approrriate
distribution.

C. SECTICN IV - NAIURE CF THE FROBLENM
The nature cf the proklem is a simple =statement cf the
gcals of the thesis ip relatdon to what was accomplishked by

CCEC and what «cculd be achieved Ly afpfroximatinc the

dis<ribution ¢f the radial navigation errors.

L. SECIICN V - TESTS CN THE TATA

A descripticn c¢f the tests perrormed is given =tc
dete¢rmine pertinent tfacts ahout the data. Sirce

)

"simulaticn c¢f the radial navigation ercc:s coulc b2

acccmplished by simulation cf the components of the radial
ecrror, tests were perfecrmed ca tne components to determina
if these ccmponants were correlatad. Since 41l cf the
components cculd not be definitely defined a& wuncorrelated,
a ccmponent apprcach to simulation was <liminatec fronm
conzideraticn and the remainder cf the tests vere srfcrmed
to test the homcgeneity c¢f the data points of the radiail
€LIOCS.

E. SECTICN VI - SIMULATED DISTRIBUTIONS

Two distributions were simulateé tc grovide a clossz
approximaticn to the distributicn of the radiali errcrs. The
Expcnential simulation was performed as a result ¢f CDEC's

SO—




estimaticr that the distrirution was Exgcnential. The
sectnd districuticn simulated was ths Gawma., A descriptioa
of the methcd of simulation, the statistics iavestigatsd and
ccmpilaticn method is provided zror bota simulaticns. A
ccmpariscn of the two simulated distributicns and their
associated fparameters was then performed with coummerts made
for each map product fcr daylight and for night navication
trials.

F. SECTION VII - CONCIUSIONS

The Gamma simulaticn proviaed the best approximaticn to
the radial ervors for ail but one map prcduct. Since CLEC
cculd make nc conclusicn by use c¢f radial errors on which
mag prcduct performed kest, use cf the simulated
distributions was used to discriminate between the maps. An
alternative method of ranking the map products is descrited
and ipcluded in this section. Guidelines fcr applicaticn of

the result are alsc prcvided.
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A. TEST CF NEW ANL IMEROVED MAPS AND MAP PRCCUCTS

1. Gerneral

—_———===

Curicg the period April-May 1977, The United States
Army Comkat Develcpmerts Experimentation Ccmmand (CLEC),
Fort 0Orc¢, California «conducted a T2st of New aad Imprcved
Maps and Map Products (Saort title HAQPRO III) in crder <o

evaluate the four map products used by armcr fersonnel ir
(1) desctibing specific “ilitary Graphic Infcrmation (¥GI),

(ii) navigatioa <c¢f specified day and right routes <o
preselected checkpcints and

(ii1) 1lccating specifi=d targets during daylight and nigat
time envircnorents.

2. Experiment Descripticn

MAPPFC IIL was a three~part experiment. Bart 1
evaluated the ability of selected armcr persérnel to
identify MGI. Part 2 evaluated the effects on rcute
flaaning, navigational accuracy and target location éuring
daylight hours. Part 2 vas a duplication of Fart 2 except
that 1t was conducted during periods of light levels less
than 0.0CC2S fcot candles.
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3. Eapgriaszn

All trials and tests were conducted at Fort Eunter
Liggett, Califcrnia in the upper Gatilan Valley in
rlat-to-rclling and rolling-to-rcugh terrain.

4. Elayergceontrecller Participation

Thirty-six players participated in Part 1. Twelve
Armor cfficers (2nd Lt) and thirteen armor mid-grade
noncommissiconed officars were available for participaticn in
pacts 2 ané 3. Hosever, only =ight officers and eight
ncncoamissioned officers actually participated in the triails
cf rparts 2 and 3. A noncommissioned officer performed a
dual role as vehicle driver and ccatrcller durin¢ all

trials.

Fcur 1:50,000 map products were involved in tae

tests:
(i) Standard Line (Map Ad). Army stardard issue mafg.
(ii) Epriched line (Map E). A map variety usinc¢ tae
standard line map as a base. Militarily significant

gecjraphic information 1s added and utility enhanced ttrcugh
shaded reliet.

12




(iii) Orthopnctomap (Map C). A fhoto-basec map
grcduct [fprocduced fror a cclcr mosaic of aerial phctccragas
and printed using a three-colcr frocess.

(iv) Black and White Photo (dap D). A map fprcduce<a
fror a single photcygraph of a mosaic <¢f [fhotcgraphs and
ccn:aining a military grid system and marginal intormeticn.

6. Experimental Design

— el =S

Part 1 of the experiment was designead to test player
personnel in their ability to identirfy MGI oua tne &rpap
products . This was accomplished through the use of several
standard exanminations prepared by the Engineer Tcgcgrathic
Labcratory. Parts 2 and 3_of the experiment were designed
to evaluate route planning, rcavigatioual accuracy and targs+
locations, accomplishned by estapnlishning fcur navigaticral
lanes in the Gabilan Valiey for toth day ard night trials.
Along <cach lane were six preselected checkgcints and at the
end of cach lane, individual cbservaticn pcirts (OP's) w=re
used to lccate targets. OP's at the end of lanes 1, Z and 4
each had two targets tc locate. The OP at the end of lane 3
had three targets tc locate. The lanes, ckeckpoints, CE's

and targets were different fcr day and night trials.

7. Experimental Okjectives

The four principle okjectives of the experiment were
tc cbtain data on

(i) Bcw clearly each map product defpicts types of
MGI during dsylight corditiors;

13
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{ii) The wusefulness of each mag product in
visualizing varicus terrain features and in answering
reliet~related gquestions;

(1ii) of fcur different map [prcducts cn rccte
rlanning, navigaticaal accuracy and target lccaticn during
daylight hours;

(iv) The effects of fcur different magp products cn
navigaticnal accuracy and target location during pericds of
lcw light vicability ¢0.00025 foot candles).

E. RESUITIS CF MAPEFC III

1. Militagy Graphic Information (MGI) -

The players answered written gquesticns akcut HMGI

fecatures mcst accurately with #dap A and least accurately
with Map L.

S —eamde=a—

Th= Apnalysis of Variarce (ANOVA) cross-prcducts
considering only the map/routa comkinations Were
statistically significant. A Chi-Square gccdness c¢f fit
test of the sample distributions of day navigational radial
error indicated that the closest £fit was «cktained Lty an

T expcnential distributicn.




The 1largest radial error compounerts of rance ana
deflecticn cccurred with Map D. There was little difference
tetween these error corpcnents with the cther mags.

4. Night Target Location

There was no statistically significant difference
among map prcducts. The dispersion o¢f —radial error was
slightly larger with Map D.

5. Night Navigaticn

Cft thé ANOVA cross-prcducts; the map py rcute and
set cf players Ly route were statistically significant.
Navigation was least accurate with Map T ard Map C cr the
mcst difficult route (lane 4).

C. ANAILYSIS TECHNIQUE

A three-way ANOVA was performed by CDEC or the
navigation radial error. The ANOVA considered &s [pcssible
sources of variation the mafp product, the routes ard the
sets of players. A set of players consisted cf two cfficers
and twc ncncommissicred officers whe used all focur map
groducts on all four lanes. The players were assignead seats
pricr tc tfecord trials in a manner designed to minimize the
dirfsrences tetween sets. This assiganment was accorgplished
Lty reviewing Fplayers' scores on the written tests and




7 evaluating their field performance durirng explcratory
trials. The best p[players were assigned t¢ work with tae

worst players, and the average Gplayers wera grouped
together. Fationale for estatblishing =sets was that this
permitted ncresal ANOVA techniques which require entries in
all data cells. the rawvw data fcr the ANOVA's were ccnverted
) ty & lcg 10 transformation, which tends +tc¢ normalize and
stabilize the variance. One of the assumpticns ror ths tygpe

cf analysis is ncrmality of data.




III. LESCRIETIQN OF DATA

The raw data were rurnished by the United States Army
Comkat CLCevelopments Experimentation <Command, Fort Crd,
Califormnia. The data points were generated durirg the
ccnduct cf the Test <c¢f New and Improved Maps and Map
Froducts (Shcrt title #APPRO) Phase III, during the fpericd 3
throcugh 23 May 1977 at Fort Hunter Liggett, California.

E. NATURE OF THE DATA

1. Ecrg

The raw data were 1in the form of ten-digit
ccordinates giving lccation tc the necarest m=2ter, ccdss
identifying the lane, day/night trial, player, checkpcint
and map produict used.

The data pcints were generated by daylight and night
Frocedures. The daylight prccedures were tc assign a flayer
tc each cf the four navigation lanes availatle, presert the
Flayer with a map frroduct with =six designated checkpoints

17




for a fplayer to plan his cwn navigaticn route to the
identified checkpoints. For safety reascns during nigat
trials, the ©players were provided the checkpoints and a
designated rcute on the map product. As a player navigated
his planned cr designated rcute, his pcsiticr was constantly
mcnitorad by electronic location desigraticr devices. Cace a
player decided that he was at the designated checkpoirt, he
infcrmed an his contreller who activated a switch orn his
transmitting unit which accompanied tke play=r aad
ccntrcller in their vehicle. The act of turning on tas
transmitter designated the lccation of the vehicle.

3. Izransformation of the Data

The raw data points in the form cf ccordinates were
then compared to the cccrdinates of the dssigaated lecation.
The actual location was then subtracted fréq the fplayer's
lccation which resulted in positi&e.and negative values ou
an X,y axis w@ith the designated location teing (0,0) <¢a ths
axis. Pcsitive values are errors in the rcrth and east
directicns. Negative values are errars in the south and
west directicas.

The accuracy of the radial errcis calculated was determined
bty <+he reasuring devices used. Because these calculaticns
are to the nearest meter, the errors are prckably continuous
and identical values are due to rounding, even thcuch the
underlying distributiorn is ccntiauous.

Fcr flayer saifety, the actual locaticn of the flayer
was cortinuously mcnitcred. When a fplayer deviated mcre
than 500 weters during daylight trials, and more tharn 50
meters during night trials from his selected or prescribed

T




Icute, the fplayer aas questicned to determire 1f he knew hnis
lccation. If he did nct know his location, he was declared
lcst and returned to hnis [previous checkpoint. This
procedure, althouga assuring safety cn the ccurses and Lteing
an cperatig¢nal necessity, limited the radial errors which
wculd otherwise have been observed. The nunrker of everts in
which a pleyer was lcst is an important fparamecter with an
imfpact ugon the perrformance of the four magp groducts. Tae
pumber of lost glayer events, however, was small in
ccmpariscn tc tae number of navigaticn gcints us=d ir tae
saagple. Tatle I gives the numkter of lcst player events for
eachh mar and the total lost player events. There weres 96
checkpoints for each of the map products and 384 checkpcints
tctal rfor cach of the daylight and nignt trials. ©No 1record
was made if a player recorded rultiple lcst player events
when trying to reach a single checkpoint. Takle I lists the
number c¢f 1lcst Gplayer events reccrded fcr e€each map c¢uring
the two trials. .

TABLE 1 - LOST PLAYEK EVENTS
DAYLIGHT TEKIALS

ML? A MAP B MAE C MAE D TOTAI
5 , 4 5 4 18

NIGHT TRIALS
HA2 A MA2 B MAE C 4AP C TOTAL
1 < S 5 13

The sample sizes for icst playsrs 1is toc small tc «@make
Statistical inference in the data. The conclusions drewn by
CEDC that there is no difference in the effect of the @mags
during Caylight Trials and that maps A and b perforumed

19
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ketter with fewer lost player events during right trials was
subjective and probatly accurate. Withcut the berefit of
kncwing which radial errors were achieved after a losrt
pFlayer event and the ©possiblility of purging thcse data
pcirts, ncthing more can be said acout these events and
their effect was not considered 1in the remainder <f tue
analysis.

5. Ecrm for Apalysis

The ten—-digit ccordirnate of a player®s location was »
split intc two parts: the first five figures ©Leinc }
East/West anc the seccnd five figures Dbeing Nerth/South.
Theses figures translate naturally intc thke x and y axis.
Absclute miss distances Ifrom the actual checkpcirts was then
calcuiated by sukbtracting the Ncrth/Sout: &anC East/West trus
checkpoint figures rfrom the player's Ncrth,/South and
East/West figures. This fprovided X and Y readings which
were individually squared and then the X-square was summed
with the asscciated Y-square. A sguare-rcct was then taken
of this sum and the r=sult was the absolute miss distance
from tae actual checkpoint, sutsegquently reiereunced as the
Fadial Error and the data form used for analysis.

6. Quantity of Data

There were four map products tc evaluate, fcur
ravigaticnal lanes and six checkpoints or e€ach lane. Eaca
zap product was used on 2ach navigation lane resulting in 96
readings for each map during daylight trials aad 96 readings
tor each map during night trials. The tctal number of
readings was 384 for daylight trials and 384 for night
trials.

20




C. SUMMAEY CF THEE KADIAL ERFCEKS

Suumaries of the calculated parameters of the Radial Errcrs
are given in Tables II and III. All values, except for
Skewness and Kurtosis, are in meters. Tle Skewness is a
reasure c¢f the sysetry altcut the @mean. The Kurtcsis
indicates the snape of the density <function with large
values indicating sharfp peak and small valu¢s ipndicating a
flat peak.

TABLE 1I - SUMMARY CF RADIAL ERKORS - LCAYLIGHT TRIAILS

Mar A UAP B MAE C MAP D
Mean 4z.14 g .24 47.23 47.17
Standard LCeviation 63.60 65.18 61.C¢ 6C.z24
Skewness " 2.516 2.687 2.06% . .85
kurtosis 5.900 7.802 3.654 2.9€3
10th Quantile 3.606 3.606 5.3E8 3.1€2
25th Quarntile 8.395 7176 9.641 7.839
50th Quantile 12.35 17.73 2z.34 17.4¢€
75th Quantile 38.97 8. 15 51.52 T2.CH
SO0th Quantile 115.8 107.8 138.7 126.6
Maximum 319.7 357.8 274.6 282.0

21




TABL: III - SUMMARY CF RALCIAL EXRORS = NIGHT

Mean

Standard LCeviation
Skewness

Kurtosis

10th Quantile

25th Quantile

5Cth Quantile

75tk Quantile

90th Quartile

Maximum

MAP A

4e.3¢

6C.20

2.268

1<€.26

61.48

1C€9.0

2€9.0

tHAEF C

54.60C

74.75

3.81¢

2C.63

TRIALS

MAF D




CDEC utilized a transformaticn or the racial errcrs in
crder tc perform ANOVA on ths data to deterrine differences
io the map prcducts. The only attempt tc 1identify the
distributicn c¢f radial errcrs was a Chi-Square Goodness of
Fit Test wnich accepted the hypcthesis that the errcrs were
Expcnentially distributed. Since <CDEC cculd not rark tae
effectivensss of the map products using ANCVA technigques,
kncwledge of the distribution of radial errcrs could crovide
ketter methcés tc arrive at a decisicn as to whick mag
product periormed best, The prcblew, thkerefore, is tc
determine the actual distributicn of the radial errors.
Tais Thesis is a simulaticn approach to findirg a
dis~ributicn which bes* fits the actual distribution c¢f +ne
navigaticn radial etirors. Two distriputicns, Exponential
and Gamma, were simulated ancé corpared to the actual data.
cnce a distribution for the radial errors has reen
approximated, decisions about the perfcrmance ci eack nmar
rroiuct can te made.
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A. PARAMETIRIC TESTIS

One agprcach tc simulating the radial errcrs would he to
siamulate the X and Y errors and then ccnvert these valtes tc
radial errors. In crier to simulate the X and Y values,
kncdledge of the corrslation between the X and Y values was
required. If little cI no ccrrelaticn existed between these

values and <the distriovuticn c¢f these wvalues <cculé bps

apprecximatsd cy the Ncrmal distribution, tae problem of
simulaticn woculd be r=zduced. An analysis of the X and ¥
values uUsing a histogram was not encouraging in that the

values did not appear Hormally distributed. Ths follcwing
test assumes that the X and Y values are Ncrrally
distributed. The BINMNED Statistical Package [R=2f. €] was
used in the following test.

1. Eivariate Elotting

The tEtivariate plotting of <tha X, Y data was &
performed tc observe the relative lccaticns of the (X,Y)

€rrors ir reldaticn to a commcn checkpoint and to determine
if trends cculd te olserved. Tlese plcts were prepared fcr
each map for daylignt and nignt trials. With each plot, tas
EIMED Statistical Package provided tne ccrrelatior, tae
means and <standard deviaticns of X and Y, a linear
regressicn line and *he residual mean squares. The rezults
cf tnis analysis are described in the fcllcowing sectiors.
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2. Corrslation Betucen X and Y

Since the EIXEL oivariate plotting cf the X anc Y is
tased cn the assumpticn of Normality, tests or the
Ccefricisnt ci Correlation were based on the sypothesis that
tne X and Y values were indefpendent if time aksolute value of
the Coefficient of Correlaticn «as not too large. A
Student's "t" test was used for the nypcthesis that tae
Ccefficient cf Correlation equaled zero. The "t statistic

was calculate<d by:

Let: r = Sample Coefficient cf Correlation

Then: t = £ (SQRI(N - 2))/SQRT (1 - r*r)

The significance of each Coefficient <¢f Correlaticn
determines shether ir fact the X and ¥ values are
indspendent (for Normally distributed X and Y values). Tae
results fcr daylight navigation trials indicated a necative
ccefficient cf correlation cf 0.2862 (Significant at Algha =
0.003) <for Hap A, a pcsitive coefficient cf ccrrelaticn ot
0.154 (Significant at Alpha = 0.07) for Map B, a necative
ccefficient cf correlation of 0.223 (Significant at Alghka =
0.008) fcr Map C and a positive coefficient of correlaticn
cft 0.085 (Significant at Alpha = 0.20) for Map D. P¥ap D
accepts the hypothesis for any Aipha less tuoan 0.20. Map B
accepts the hypothesis for anpy hlpha less than 0.07. P¥ars A
and C «reject tne hyrothesis for reasonakle Alpha velues.
This indicates that tne values fcr at least two cf the g@mags
are correlated under the assumption of Normality. The
results for night navigation trials all reject the
hypothesis.
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3. Qkservea Trend

in th

—_——

o

Blots

Itn

Fcr the daylight trials, most of the (X,Y) errors
weLe to the hWest and Scuth of the actual «checkpoint. This
result is nct surprising, given the human tendency to drifc
to the right when attempting to go in a straight tine, and
most of the routes to the checkpoints fcllowed a general
asmuthe cf East to Southeast. ©During the nicht trials, the
same trend in West and South errors was ckserved, Faps A
and C shcw trends in tkbat the radial =rrors are in a 250
meter pard frcm Northwest tc Southeast. Map B and D ¢éc nct
exhikbit this trernd.

E. NCNPARAMETRIC CORRELATION TESTS ON X ANL Y DATA

To fprther..investigate the possibility of correlation
btetween the X and Y values, several Nonparameétric Tests ﬁere
performed. The Ltivariate Plctting and resultarnt cecrrelation
provided fpreviously, assume that the X and Y values ars
Normally distributed. Since this fact has not been shcwn,
Ncnparametric tests for correlation were ferformed. All

tests shcwn Lbelow were performed by the EINED Statisticail

Fackage.
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The results of the test were as follicwus:

MAP A MAP B MAF C HAE LT
Caylight Trials -0.275 -0.015 -0.Co5S 0.0C7
Night Trials -0.209 -C.324 -0.410 -0.272

Since the number of samples 1is greater than 30, the
distribution of the Spearman Rhc is adeguately approxiasated,
under the hypothesis cf no trehd, by a ncrmdl distriktution
with mean 2ero and variance (V) egqual tc tne recipical ct
the sampls size minus cae (V = 1/(9% - 1)). The value
C.01053 was then wused as ths variance, so the Stendar

Leviation was 0.1026. The hypothesis c¢f nc trsnd coulc tken
te rejected with an Alpha = 0.10, if tne aksolute value of
Sgearman Rno was greater than 0.13150. By this criteria Map
A, during daylight trials, and all maps during the night
trials, show correlaticn between the X and Y values.

2. Cther Coycslation Tgsts

Th=2 Kendall Rank Correlation Ccefficient Test was
alsc perforaeéd and supported the findings cf the Spearman
Rho and is nct included. Since a correlaticr 1is indicated
Eetween ths X and Y values, a sigpie simulaticn of the X and
Y values was not possitle and the apprcach das eliminated
from consideration.
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C. NONPARAMETRIC TESTS FOR HOMCGENEITY OF RALIAL EREKCFES

Since the X and Y values were not uncorrelated for all
maps, the <simulaticn of the radial errors ky simulating X
and Y was discard=2¢ and emphasis was placed c¢n tae radial
€ILCCS. Tests were performed cn the radial error valtes to
determine if the underlying distriputicns fcr the radiail
€LroOrs frorn all magp products were the sane. T«0
Ncnparametric tests were used: The Kolmogcrcv-Smirncv Test
is a G[pair-wise test and The Kruskall-Wallis Test is a
multi-sarmgle test tc determine if the underlying

distriputions are the =ane.

A Kruskall-Wwallis Test was performed cn the data tc
determine 1if the values were drawvn frem tne same
distribution. statistic (H) is generated ty merging all of
the samglie data, rank crdering the data and then grcupiag
the data into their original sets and summing the ranks for
each set. Tke Kruskall-Wallis statistic, H, is given Ly

H = (1z/N(N + 1)) (R1/n + R2/m + R3/1 + RU4,/p) = 3 (¥ + 1)
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Whera:
R1=Sum cf ranks Icr Map A
R2=Sum cf ranks fcr Map E

R3=Sum cf ranks fcr Map C

R4=Sum cf ranks fcr Map D

N=mn+2a+1+p= 364

The distritution of H is then Chi-sguare with taree degrees

cf freedcr.

Ccmparisons o¢f the radial errors fcr thnes fcur maps
tor daylight and night navigaticn triais «ccutld not reject
the hypcthesis that the raaial errors for daylight cr tas
radial errcrs <for nicht came from the <same underlying

distribution.

2. Kolmgcgorov-Smirnov Test of Radial Exrcrs

— - e mmam  mm e o - o ——

a. ELaylight Navigation Trials

Emperical Cummulative Distriktution Functicns
were <calculated for each mafp and plotted cn the same scale.
This was accomplished by incrementing Lty five wmeters,
cocunting the opumcter of values which were egual to or less
than that increment sux and dividing by the sampls size of
ninety-six. Using pair-wise calculaticns ard an Alpha valus
cf 0.10, the results were as follows.

Let d=Max|F1(X)-F2(X) |




Accept at Alpha=0.10 if d <1.22(Sqrt(2,5¢))=0.176CS
Map A vs Map B, 4=0.06<0.17605
Yap A vs Map C, 3=0.06<0.1760S
Map A vs Map D, d=0.14<0.176CS
Map B vs Map C, d=0.006<0.17609
iap B vs Map D, d=0.14<0.17609
Map C vs Map D, d=0.12<0.176CS

The Kolmcgcrcv-Smirncv Test canrnot Treject the hypothesis

that the underlying distributions are tne sarne.




i
}

i

VI. SIMULATED DISTRIBUIICNS
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After «ckserving the nistcgrams cf +the actual radial
errcrs and recognizing the fact that the radial errors wculd
ke positive values, the siwmulaticn aof random variables whkich
had valiues less than Z€rC were eliminated from
consideratior. The CDEC report used a Chi-Square Gocdness
cf Fit Test and estimated the distributicn cf errors tc be
Exponential and was, therefore, included in the
investigation. The Gamma distribution was investigated tc
try to explain the shape cf the histcgrams and the larger
number of values near zero. A lack of time preventeé¢ the
investigaticn of po;sitle ccmbinations of distributions.

A. SIMULATICN OF THE EXPONENIIAIL DISTSIBUTICN

1. General

———

As stated in Chapter II, CDEC perfcrmed Chi-Sguare
Goodness of Fit tests to the radial errcrs ard stated that
the expcpential distributicn provided the test fit. Since
the Chi-Square Test is sensitive to how the date was
sectioned and grouped at the tails of thke distrikuticns,
this test is not very suitable.




2. Histcgram and Statistics Imvestigated

Ey reading the radial ercors intc tahe HISIF/g
Library Gpackage, a histogram of the data was produced and
twenty-six pertin=nt statistics were generated. The «@®ean,
coefficient c¢f skewness, and coefficient cf kurtosis arse
three of the twenty-six statistics and were computed as

shcwn belcw.
Mzan= X(i)/XN
Skewness= (third C2atral Mcment)/(Standard LCevation)

iurtosis= (Fourthn Central Mcmert)/(Standard Devation) - 3

The skewness and kxurtosis of distributions are of interest
tzcause . 'they have ranges of values fcr particular
distributions. A rangsz of values was otbtained to ccmpare
witah the real data by simulating the occurence of the rarndcm

variable cver many replicaticns.

3. Methcd of Simulation

The simulaticn prccedure used was to calculate the estimate
cf =—ne mean for actual radial errors and +*o use this
estimate as the parameter for an Exponential random variate
generator. 7The random variate ganerator is described Lelow

X=Random Variate

U Unifcrm §{0,1) randos nuaber

=Estimate or thes Hean

=

==(4) 1n (V)
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Ninety-six cf these Exponential (X) variates were generated
tc simulate the sample size «c¢f real navigation radial
€rrors. These gencrated samples were then replicated cne

thousand timss.

4. Ccmpilatign cf Raplications

Each sample of size 96 was read into a mocdified
HISIF/G suiLroutine in crder to generate the =s=ausgle
statistics. The one thousand replications frovidzé arrays
tor each statistic of size one thousand. The arrays fcr the
mearn, coefficient of skewness, coerricient of Kurtosis,
Ccefficient of Variation, Median, 50th Cuantile, 75th
Quantile and 90th Quantile were then put intc the HISTIF/G
Libarary pregram. The cutput provided a sample distrilution
cf the statistics which were generat=d by an Exponerntial ()
distributicn through which the actual data were ccmrared.
The tables ci these recults are in kppendix E.

E. SIMULATICN OF THE GAMMA LISTRIBUTICN

E=2 S PL =

Ey inspecting the histogram generated ky tane
experimental radial errors, the Gamma distritution appeared
a logical possibility. To compute the scale and location
parameters for the Gamma distributicn, the calculatec¢ mean

and variance were used as follows:
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Mean=Shape*Scale

Variance =Shape* (Scale) **2

This resultsd in Algha{Shape) and Beta(Scale) parameters
calculated as follcws:

Beta=Variance/lean
Alrha=Mean/beta

The <calculated parameters of the distributicn are giver in
Takble IV.

TABLE IV - PARAMETEFS OF GAMMA DISTEIBUTION

DAYLIGHT TRIALS NIGHT TRIALS
dag A: Alrha=0.43501 Alpha=0.59214
Beta=65.954€7 Beta=78.22957
Map B: Alpha=0,46086 " Alpka=0.81735
Deta=96.00516 Beta=77.17915
Map C: Alpha=0.59832 A;;ha=0.53357
Beta=78.94075 Beta=102.33755
Mag D: Alpna=0.6132C Alpha=1.09553
Beta=76.92229 Beta=57.50502

2. Methcd of Garma Sipulaticen

In crder to generate sample sizes cf pinety-six and
replicate these samplzs one thousand times, a rejection
metnod was utilized to geunsrate Gamma variates. The Gamma
random variate generator used was from the Directcry of
Rcutines in the International Mathematical aand Statistical




Litrary (IMSL) at the w. K. Church Computer Center, Naval

Ecstgraduate School, icaterey, Califormia. Since all IMSL
rcutines are< progristary, the program cannot be included.
Each c¢f the samples crf size ninety-six wer€ then wused as
entries intc the ModiZied HISTG/F Sutrcutine to gerezate
sample sizes cf one thcusand for the twenty-six parareters
for both the Daylight ard Night Navigation errors.

3. Cempilation or RBgplications

The ccrpilaticr procedure was 1identical to that used
bty the Exponential simulation. Results of the compilation
are in Appendix C.

C. CCYUPARISCN OF THE TWO SIMULATED CDISIRIEUTIONS TO TEE
ACTUAL CATA

The ccmparisons keliow are made between the four nmap
products for the rparameters given. Replicaticnes c¢f tae
paraneters provided Ncrmally distributed data for all tut
the Kurtcsis and the Range. The support fcr a particular
distribution was chosen by letting Alpha equal (€.1C and
rerforming the standard Ncrmal Test. Replicaticns c¢f the
simulated distrioputions did nct provide Normally distributed
Kurtosis c¢r ©Ekange, =sc standard applicaticn of statistical
techniques was not appropriate. All Kurtcsis and KRange
paramneters were checked tc insure fecasibility and not used
to discriminate between the maps. Since bcth parameters fcr
generating simulated Expcnential the m=2ans of the
distributiohs are not used as a discriminating GFparamet=r.
The distribution statistics for the expcnential and gamma
distributicns presented in tables V througn XII are coded as
fcllows:
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AV - The Actual Value.

EMN - The Expcnentially Generated lMean cf the Paranmeter.
ESD - The Standard Deviation of the Exp Generated Mean.
GMN - The Gamma Generated Mean of the Pararmeter.

GSD - The Standard Deviaticn c¢f the Gamma Gererated iMean.

TAbLE V - DISTRIBUTION STATISTIICS - DAYLIGHT TIRIALS - IAE A

Farametezr AV EMN ESD GMN GSL
Mean : WZ. 1 42.23 4.233 41.87 6.523
Sté Dev 63.60  41.91 5S.81% 62.29 12.23
Cceff Var 1.509 0.%93 0.161 t.488 0.175
Range 318.7 217.2 53.66 387.7 109.2Z
skewgess Z.516 1.823 0.558 2.632 0.17¢&2
Kurtesis 4.257 3.132 B.727 6.240 6.815
50th Qnt 19.35 29.55 4.376 17.24 4.432
75tk Qnt 58.97 58.58 7.563 54.23 10.58
90tL Qnt 115.8 93.20 12.03 110.7 21.44

The generated fparauneters fot Map A shcwn in Table V,
support the Gamma distributicn oi the radial errors fcr this
map. The Standard Deviation, Ccefficient of Variatior aud
all guantiles consistently reject thke Expcnentiail

distripbuticn and accept the Gamma distributicrk.
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TABLE VI - CISTRIBUTION STATISTICS - DAYLIGHI TRIALS - MAF B

Farameter AV EMN ESD Gl GSE

Mean 44.25 44,17 4.637 41.87 6.543
Std LCev 65.18 43.71 6.441 63.97 12.24
Cceff var 1.473 0.989 0.0983 1.448 0.17¢
Range 3568 227.0 SE.t1 357.7 116.5
Skewness 2.687 1.809 0.572 2.632 0.782
Kurtcsis 1.802 4,237 3.949 8.727 6.140
50th Qnt 17.73 30.96 4.42C 19.12 4.795
75th Qnt 54.1t5 61.70 7.941 54.23 1C.S¢&
50tk Qnt 1072.8 97.74 13.28 110.7 21.44

The generated fparaceters for Map B, shcwn in Takle VI,
again strongly support the Gamma distributicn of the radial
errors fcr this map. 7Th2 Standard Leviaticn, Coefrficiert cf
Variation ard 50th Cuantile support a Gamra distrikuticn.
The rest c¢f the parameters support either Garme (o5 ]
Exponential distribution. The Skewn2ss actual value is
within a normal range tor becth generated Exponential and
Gamma. For the Expcnential, the actual value is 1.535
Standard LCeviations frcm the generated mean. For the Canmma,
the actual wvalue 1is 0.07C Standard Deviations frcw the
generated =mean. Clearly, the actual value is rore
"ccnfortakle" in the Gamma distributicn, but fcr any
reasonable Algha value (<0.10) the hypothesis that the
actual value is from the Expcnential distriktution canrct be
rejectea. The 75th and 90th Quantiles equally supgcert
either a Gamma or Exporential distribution.
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TABLE VII - CISTRIBUTICN STATISTICS - DAYL1GHTI TRIALS - MAF
C

rarameter AV ENMN ESD GMN GSL
Mean 47.23 47.40 U.93E 47.45 6.146
std Dev €1.06 46.87 6.666 59.93 10.26
Cceff Var  1.293 0.588 0.095 1.262 0.12$
Ranage 273.6 241.7 57.54 318.2 1C8.4
Skewness 2.062 1.782 0.506 2.216 0.61€
Kurtosis 3.656 3.967 3.27€ 6.106 4.747
5Cth Qnt 22.3% 53.26 4.902 25.42 5.193
75th Qnt 51.92 66.03 8.254 64.76 10.18
. 90tk Qnt 138.7 105.1 14.09 118.4 15.54

The generated farareters ror Map C, shcern in Takle VII,
support the CGamma distributicn cf the radiel errors for this
map. The Standard Deviation, Coefrficient o’ Variaticn, SCth
Cuantile and 90th Quantile sufpport the Gamma distriktction.
The Skewness and 75th Cuantile support either Exponertial ot
Gamma distribution. For the Skewness, the actual value is
0.553 Standard Deviaticns frcm the Exponerntial wmear and
0.233 Standard Deviations frcm the Gamma mean. For the 75th
Quantile, the actual value is 1.709 Standard Ceviations from
the Expcnential mean and 1.261 Standard Deviatioas frcm the
Gamma mean.
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TABLE VIII ~ CEISTRIBUTION STATISTICS - DAYLIGET TRIALS = MAP

C

Farameter AV E¥N ESD GMN GSL
Mean 47.17 47.22 4.651 47.23 6.3E1
Std Dev §0.28 46.51 €.537 5935 1C.1E
Cceff Var 1,277 04985 0085 1.2586 0.131
Range 281.0 239,.,9 59.55 318.4 88,59
Skewness T.8301 1,787 0.534 2:256 @656
Kurtosis 2.963 4.C€50 3.482 6.438 5.027
50th Qnt T7. 460 33,12 8 WiSIS1T N 25,67 S5 ltE
75th Qnt 72.01 65.7% 8.08717 64.54 10.€¢€
90th ont 126.€6 104.4 12.95 116.7 19.6C

The generated parameters for Map D, shcwr 1in Table VIII,
support the Gamma distributicn cf tae radial errcrs for this
map. The Standard Deviaticn, Coefficient cf Variaticn and

50th Cuantile support the Gamma distributicr. The remeiring

Farameters support €ither a Gamma cI Exponential
distribution. Except for the Skewness, the Gamrma
distribution 5 o e o is better than the Expcnential

distribution. The Expcnential simulaticn prcvides a tetter
fit of the actual Skewness.
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TABLE IX - CLISTRIBUTION STATISTICS - NIGHT TFIALS - MAE A

Farameter Av EMN ESD GMN CSL
Mean 46.32 46.42 4.653 U46.33 5.S44
Std Dev 60.20 Uu46.06 6.391 59.65 1.018
Cceff Var 1.300 0.993 0.100 1.287 0.141
Range 29800 23857 5%.81 32202 92,13
Skewness 2.268 1.€32 0.558 2.322 0.68&89
Kurtosis 5.2831  4.257  3.732 6.860 @ 5.530
50th Qnt 19.26 32.48 4,.81C 24.50 4.926S
75th Qnt 61.48 64.39 §86.313 62.78 106.37
S0th Qat 109.0° 102.4° 13,23 115.6 18.6€3

The gs=nerated parameters fcr Map A4, shcsn in Talkle IX,
support the Camma distributicn cf the radial errcrs for this
macg. The Standard Deviaticn, Coefficient cf variaticn and
50th Quantile suppoert the Gamwma distributicno. Ail of the
remaining generated parameters Sugpcrt either +he
Expcnential cr Gamma distribution.
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TABLE X - DISTRIBUTION STATISTICS - NIGHT TEIALS - HMAP E

Farameter AV ENN ESD GMN GSL
Mean 63.08 62.98 6.612 62.97 7.138
std Dev 69.78 62.33 9.184 68.62 10.47
Coeff Var 1.106 0.589 0.093 1.038 0.114
Fange 463.1 323.8 82.85 360.4 96.13
Skewness 2.773 1.609 0.572 2.322 0.6ES

§
Kurtosis 11.33  4.237 3.949 5.074 4.625 f
50th Cnt 45.79 44,15 6.302 40.62 6.75E :
75th Qnt 87.23 87.98 11.32 87.77 12.1z |

S0th Qnt 134.%  13S.4  1€.93 145.9 21.C3

The generated rarameters for Map B, shcwr 1in Taktle X,
SUEFOrt <eitker the Gamma or Expcnential distribution cf the

radial errors for this map. No statistical discriminator
can be fourd to determine which distrituticn is ccrrect.
This fact is not surprising, since th2 snafpe parameter fort
the Gamma distributicn was (€.817, <close to the shape
rarameter for the Gammea to become an Expcnertial (Shape =
1.000).
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TABLE XI - DISTRIBUTION STATISTICS - NIGHT TFIALS - MAE C

Farameter av EMN ESD GMN GSL
Mean 54.60 54.79 5.708 55.15 7.427
Std Dev 74.75 54.18 7.706 73.90 13.C4 |
Coeff Var 1.369 0.589 0.C95 1.340 0.151 |
Ranga2 557.4 279.4 €6.41 397.8 117.6 |
Skewness 3.818 1.782 0.572 2.352 0.6S¢
Kurtosis 3.654 3.S76 3.27¢ 6.106 4.747
50th Qnt 33.58 36.42 5.667 27.01 5.S5C
75th Qat 62.60 76.33 9.542 74.20 12.7€

s0th Qnt 135.1 121.5 16.29 141.0 24.61

Ihe generated parameters fcr Map C, shcwn in Taltle XI,
suppcrt the CGamma distributicn cf the radial errors for this

mag. The Standard Deviaticn, Coefricient ci Variaticn andg
Skewness support the Gamma distributicrn. The Cuartiles

Supgort either an Expomential cr Gamma distribution.




TABLE XII - CISTRIBUTICN STATISTICS - NIGHT TRIALS - MAF T

Farameter AV ENMN ESD GMN GSC
Mean 63.00 63.07 6.212 40.20 3.SEz
Std Dev 60.13 62.12 8,731 37.92 5.183

Cceff Var 0.985 0.985 0.095 0.944 0.CSC

Range 302.3 320.5 79.53 194.2 44.5S
Skewness 1.490 1.787 0.534 1.698 0.5C7
Kurtosis 2.253 4.C50 3.482 3.652 3.214
5Cth Qnt S0.26 44.23 6.3460 29.14 4.C6S
75th Qnt 86.79 87.81 10.79 56.11 6.752
90tb Qnt 161.0 138.5 17.35 87.18 _1%.z:2

The generated parameters for #ap D, shcwn in Tatle XII,
suppcrt the Exponential distribution of radial errors for
this map. The Standard Deviaticr and all gquantiles sufppcrt
the Expcnential distributicn. Only the Coefficiert of
Variaticn and Skewness support e€ither the Gamma oI
Expcnential distributicn. The —resulting scpport for the

Exponential distribution 1is nct unexpected given the mean

and standard deviaticn relaticnship in the actual values.




A. TIHE LCISIFIBUTICN OF RADIAL E&RORS

The =<simulated gamma distribution provided the best fit
cf <the fparameters tc the radial errors. Since the
Expcnential distribution 1is a special <case of the Gamma
distributicn, it was nct surprising that the Expcnential
distribution provided gocd fits to the radial errcrs when
CLEC perfcrmed the Chi-Square Gocdness of Fit Test. Map D,
night navigatior trials, is prooatly best approximated by
the Expcrential distritutior. For all «cthker trials and
haps, the <crrors are bast approximated by the Gamma
distribution.

E. COMPAFISCN OF THE MAPS BY QUANZILES

Since rc statistical difference cculd be detected
Eetween the seans of the maps, a comparison cf the quantiles
was made. The purpcse of the field experiment was to
determine effectiveness of current and propcsed maps, thus
the mean is a useful, but not an overly imjpcrtant statistic
to cbserve. The real goal wculd secem to be tc find & map
which resulted in the 1largest percentage of the errcrs
closest tc tke checkpcint. the 75th and 90th Quantiles are
impcrtant Therefore, statistics.
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Map A's real quantiles were statistically letter
than the cther three maps during the daylight trials and
tetter than all buat Map D during the night trials. Thus,
when Mar A was used, 75 percent oL the values were

sigrificantly better than the cther wags.

Nc statistical difference exists betueen the maps at
the 90th quartile during the daylight trials, The nigat
trials produced a difference only in that Map D was tue
statistically worst map. EBased upon tiris statistic, #¥ar D
was eliminated as the worst alternative amctg the fcur map

products.
C. COMPARISCN OF THE VMAPS BY AREAS CF THE £raCsS

An alternative method cof ranxking mar frcducts involves
returning to the X and Y values. Because cf the methci used
to gencerate the X and Y values, a comincn checkpcirt was
designated and the navigation errors can te placed c¢n a
single axis for each map prcduct and trial. Observation of
these errcrs on a commen plot leads to ancther methcd of
ranking. Since tlke gcal of MAPFEKO III was to determire the
pecformance cf the map groducts, oae measure could Lte tc
rank the maps by the size c¢f the areas generated Lty a
percentage of the results. Remembering that positive and
nsgative values were available fcr X and Y values, the lower
percentiles would , in general, reflect negative valuzs and
the higher gfercentiles would reflect jositive values. By




calculating the absolute distance between lcwer and higher
Fercentiles, a percentage of wvaluses wiil fall iptc that
absolute distance. By doing this rfor both X and Y values
and then wmultiplying the absolute distarce for X Lty tne
aktsolute values for Y, an area whicao includes an
approximation to a rpercentage of the (X,Y) values ir that
area results. The size of the area then beccmes an anelysis
tool toc rank the nmaps. An aralogy exists witl the
Fercentiles given in previous sections ror radial errcrs.
Table XiII provides the results of calculating the areas of
50-percent (75th Percentile minus tae 25ta EFeccentile) and
80-percent (90th Percentile wnminus the 10th Percentile)
areas. The figures are in meters squarsd and the rark is
given with tne smallest area being rankea 1 and the largest
area being ranked 4. TFortunately, differences did nct cccur
in the rankings fcr 5C-percent and 80-percent. Map A ranks
first for both day and night triels as it did using radial
€LTCCS.- .

4a




TABLE XIII - RANKINGS OF MAPS EY AREAS

DAYLIGHT TRIALS

4AP 50PCT 80PCT KANK
A 304 1754 1

B 342 6258 . 2

€ 407 7735 4

D 407 7735 3

NIGHT TRIALS

A 708 8234 1
B 2365 13640 3
C 1300 9477 2
D 2336. 15300 4

The ANOVA technigue used by CDEC was apprcpriate fcr thae
distributicn of the error data. Hdowever, a ranking cf tae
maps during navigational trials was not fpcsesible. Tkrcugh
the cther techniques employed, a ranking 1s pcssible fcr the
navigaticn trials. Map A, the map currently in use, is the
test of the alternatives presasntad.

L. APPLICATION OF THE RESULTS

The sarple size for the MAPPFQ III exfperiment was not
large enough to reach a definite conclusicn on the data.
Wwith the date availatle, the <conclusicn that the radial
errcrs experienced during navigational trials is Ganma
distributed is valid. This knowledge can ke wused during

u7




future (and past) ficld experiments with pap products to
perform fparametric tests cn the estimated parameters
generated by the actual data. The parameters for the Gamma
distribution should be calculated as shown tc provide the
kest results. Use c¢f the Fortran routines supplied will
Fernit the simulaticn of the distributicnm to <check the
actual data. Once this simulation 1is performed and the
Farameters meet the desired criteria, parametric tests can
ke performed to evaluate the data.
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APFENDIX A

KRUSKAL-WALLIS TEST LAT2

NOTE: The fcllowing tables provide the test data frorm the
Kruskal-wallis Test. The percents given are producec fronm
the Cumulative Distribution Function which has values frcm 0
tc 1.00.
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A e A

DAYLIGHT TRIALS

AP MAP MAP MAFP
A 8 c D MAXI MU
ECT PBCT PBCT FCT DIFFERENCE

(0,3) 20 15 14 10 10
(0,10) 35 36 34 22 14
(G, 15) 42 43 Lg 40 038
(0,20) 53 54 56 49 07
{0,25) 61 61 64 53 1
(0,30) 67 66 66 58 09
(0,35) 69 68 67 61 08
(0,40) 72 71 65 63 09
(C,45) 75 74 11 '66 09
(0,50) 76 77 T4 69 03
(0,55) 76 80 78 71 09
(0,80) 77 80 79 73 67
(0,65) 7¢ 82 79 74 08
(0,70) 79 83 80 75 08
(0,75) 82 83 80 76 07
(0,30) 86 83 82 17 (O8]
(0,85) 8¢ 85 83 17 12
(G,90) 90 85 85 73 12
(C,95) 90 86 86 78 12
(0,100) 92 86 88 78 14
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(0,105)
(0,110)
(0,115)
(0,120)
(0, 125)
(0,130)
(G, 135)
(0,140)
(0,145)
(C,150)
(0, 155)
(C,160)
(0, 165)
(0,170)
(0,175)
(0,180)
(C,185)
(C,190)
(C,195)

(0,200)

(C,>200)

HAP

ECT

92

92

92

94

94

94

94

94

95

95

95

95

96

96

96

96

96

96

96

96

10C

MAP
B
eCT

8o

86

86

86

86

31

93

95

93

94

94

94

94

94

95

96

98

Y&

98

100

MAF
C
PCT

89

S50

30

90

90

50

90

90

90

90

90

91

91

92

92

95

93

100

MAP
L
ECT

15

81

83

84

85

90

990

91

93

93

53

53

S3

4

Sy

94

94

100
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MAXINUA
DIFFERENCE

14

11

09

10

0¢

09

09

06

05

05

05 -

05

05

05

(2

Cu4

04

06

05

05

00




NIGHT TRIALS

MAP MAP MAP MAP
A B c D MAXINUH
ECT PBET PET PCT  DIPFERENCE

0,5) W 08 10 09 06
(0, 10) 28 20 232 24 08 |
(0,15) 38 31 30 35 05
(0,20) 39 32 41 39 09
(0,25) 46 36 43 41 10
(0, 30) 48 40 45 47 08
(0,35) 50 45 48 50 05
(C,40) 57 48 48 55 a9

T (0,45) 60 54 49 58 11
(0,50) 60 56 55 64 09
(0,55) 64 58 65 69 1
(0,60) 67 63 69 13 12
(0,65) 70 66 70 75 09
(0,70) ™ &7 13 M 10
(0,75) 7 I T 06
(0,80) 78 75 76 80 05
(0,85) 7% 26 11 B0 04
(C,90) 82 7€ 80 80 Ou
(0,95) 82 79 83 @ 04 :
(0, 100) g4 85 35 81 04 ?

52




MAP MAP MAP MAP
A 3 € C YAXIMUY
BCT PCET PBCT ECT DIFFERENCE

(0,105) 86 89 39 82 07
(6, 110) 86 89 89 82 07
. (0,115) 66 90 89 83 07
(G, 120) 86 90 89 &5 05
(0,125) 88 91 90 85 06
(0,130 88 91 91 85 06
(0,135) 68 91 1 85 06
(G, 140) 88 93 91 86 07
(0,145) 89 95 92 88 07
(G, 150) 85 95 92 88 07
(0,155) 90 © 96 94 838  oa
(G, 160) 91 96 94 88 08
(0,165) 91 98 56 89 09
(C,170) 91 S& 96 89 09
(0,175) 91 98 96 89 05
(C, 180) 91 99 96 &S 10
(0,185) 92 935 96 90 09
(C,190) 93 100 97 92 08
(0,195) 95 100 97 93 c7
(0,200 96 100 97 93 07
(0,>200) 100 100 100 100 c0
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APPENDIX E

PARAMETEFS GENERATEL FOK THE EXPONENTIAI DISTRIEUTICH

NOTE: The results given are frcm one thousand replicaticns
cf 96 Expcoential generatéd random variatss. A4ll values
except £cr skewness, kurtosis and coefficiernt of variation
ar<e¢ 1in @meters. The skewness, kurtosis ané coefficient of

variaticn are dimensicnless guantities.

A B P A m O

DOE S

v N

et o
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a. RESULTS FOK DAYLIGHT

1.

dean

_—=2

Standard LCeviation 4,233

Skewness

Kurtosis

Minimum

Maximum

2'

Mean

Standard Ceviation

o~

Skewness

Kurtosis

Minimum

Maximum

Generated Stardard

MAP A

41.91

5.814

0.437

0.369

24.68

6U4.03

NAVIGATION

6.441

0.504

0.678

z71.32

73.30

25

MAE C MAB D
47.40 47. 32
4.93¢ 4.651
0.239 0.038
0.367 -0.16
31.C2 32.40
71.22 59.27

MAE C MAE T
46.8E7 4e. <1
©.666 6527
0.3€3 C.420
0.8¢C 0.129
28.4C 30.C3
1585 7182




MA2 A MAP B MAEF C MAP D
Hean 1.823 1.809 1.782 1= 7£€7
Standard LCeviation 0.558 0.572 0.5C6 0.534
Skewness 1.088 1.316 1.C63 1.CC4
Kurtosis 1.958 2.783 2,270 1.6€2
¥inimum 0.727 0.632 0.7z¢ 0.717
Maximum 4,752 b.822 4.334 4.654

4. Generated Kurtcsis, 100( Replicaticrs

4P A MAP B MAE C YAP D

Mean 4.257 4.237 3.676 4.0°50

Standard Ceviation 31312 3.949 3.218 3.4€2

; Sk=uwness 2.220 z2.485 2ozS9 1+9€3
| Kuctosis TTTN 9 171 8.565 5.742
Minimum -0.42 -0.81 -C.42 -0.€0

Magimum 32.27 33.03 27,13 26.¢2
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enerated Coefficient cf  Variation, 1099

HAP A MAP b MAE C MAF D
Mean 0.993 0.989 0.SEE 0.9¢5
Standard LC=2viation 0.101 0.098 0.055 0.0C5
Skswness 0.629 0.467 0.481 0.546
Kurtosis 0.721 0.532 Q.353 1132
Minimum 0.752 6.689 0.714 0.7:1
Ma ximum 1.444 1.410 1.345 1.4¢€5

b. Generated 5Cth Quantile, 1000 Eeplications

R S e

MAP A MAP B _C MAE C ; MAE D
Mean ' 25.55 30.96 33.z4 33.12

4.376 4.420 4.902 4.7

Standard Ceviation

€.257

Sk2wness 0.299

0.374

0.102

Ku-tosis

Miaioum 1€.18

Maximum 44.07




Standard Ceviaticn 7 563 7.941 8.754 8.0¢€1
Skewness 0.287 0.3%2 0.240 0.1¢6
Kurtcsis 0.308 0+312 0.2C7 C.0€4
Minimum 37.21 41.37 40.31 42.¢€0
: Maxioum 8€.21 93.81 10Z.C 94.57

8. Generated <Cth Quantile, 1000 Rzplication

w

© 4P A 4AP 3 MAE C MAE T
Mean 93.20 97.74 165.1% 1du.u
Standard Ceviation 12.03 13.28 14.06¢ 12.59
Skewness 0.291 0.369 0.352 0255
Kurtosis -C.04 -0.09 0.61¢€ 0.2€0
Minimoun 61.97 67.00 68.C05 62.43
Maximum 133. 1 142.2 181.2 156 .0
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9. Generated Range, 1000 Rerlications

Mean

Standard Deviation

Skewness

Kuztosis

Minimunm

Maximum

M1AP A

217, 2

53.66

1.0602

1.334

MAP B

227.1

5. 11

1.%08

2.185

117.5

518.2

MAE C

241.7

57.54

1.066

2.215

MAE L

239.9

59,55

0.97“

1.“62

128.5

S5u4.2




E. RESULIS FOR NIGHT NAVIGATICN

1. Genesratsd Hdesans, 100C Replacations

Mean

Standard LCeviation

Skewness

Kurtosis

Minizum

Maximum

4.653

0.071

0.131

2. Generated Stangdard

Mséan

Standard LCeviation

Skewness

Kurtosis

Minimun

Maxinmum

A2 A

46.06

65.391

0.437

0.369

27413

4AP B

62.98

6.612

0'294

0.526

4u.:21

93.35

MAE C

54.79

5.7C8

0.239

0.367

35..£6

@
ne
.

ta
w

Deviation, 1000 Replicaticns

MAP B

62.33

9.184

0.504

0.678
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_—m RS dmms N esa== - — - — — ko — ——

MAR A MAP B HaFE C MAF D
flean 1.823 1.809 1.782 1.7&7
Standard Ceviation 0.558 0.572 0.5Ce Q.524
Skewness 1.088 1.316 1. 063 1.0(CC
Kurtosis 1.958 2.753 2.7214G 1.6¢€2
Minimum 0.727 0.632 0.7z8 0.717
Maximum 4.752 4.822 4.3:24 4.6cy4

4. Gesnerated Kurtcsis, 1000 Replicaticns

——r e Em-m—— e==2==2 —_—_——_=

MAF A MaP B .° HMAE C MAFP D
Mean 4.257 4.237 3.576 4.050
Standard Ceviation 3,132 3.949 3.278 3.4¢€2
Skewness 2.220 2.485 2259 1.9€3
Kurtosis 7.771 9.171 8.565 5.742
Minimum -0.42 =0.81 -C.42 =0.59 :
Maximum 32.27 33.03 27+ 13 26,82 |

i i
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5. Gepsrated  Coefficizpt  of Variation, 1000

Beplicaticns

HaAP A MAP B MAE C MAE D
Mean 0.993 0.98y 0.5¢€9 0.9€5
Standard Ceviation 0.100 0.098 0.09¢ 0.0S5
Skewness 0.€29 0.467 0.481 0.546
Kurtosis 0.721 0.532 353 1122
Minioum 0.752 C.6u69 0.714 0. 7=1
Maximum 1.444 1.410 1.345 1.4€6

MAP A MAP B MAE C MAE T
Mean 3z.ué 44,15 3€.4z 44.23
Standard Ceviation 4.810 6.302 5.667 6.346
Skesness 0.299 €.310 0.251 0.313
Kurtosis 0.102 0.115 0.CE4 0.172
Mirimum 15.98 20.05 23.35 21485
Maximum 4€.44 49.61 62.53 67. 17
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Yean

Standard Ceviation

Skeiuness

Kurtosis

Minimum

Maximum

8. Generated SCt: Quantile, 1000 Ekeplications

—_————m— -

Mean

Standard LCeviation

Skewness

Kurtosis

Minimum

Maximum

64.39

8.313

0.287

0.312

0.312

58.99

133.\;

HAP- A

10z. 4

13.23

0.291

-C.0u4

6€.12

146. 9

63

AP B
139.4
18.93
0.369
-0.09
95.54

202.7

MaE T

87.¢€1

10.79

v.C¢€u

57« 1T

126.3

LAE T

139 <5




9. Generated Range, 1000 Replicatiorns

Mean

Standard Cesviation

Skeawness

Kurtosis

Minimum

Maximum

uae A

238. 7

5¢.98

1.302

1.334

1C8.5

516. 6

ol

MAP B
323.8
82.85
1.168
2.185
167.6

738.9

MAE C

375.4

66.41

1.066

2,215

139.6

610.0

MAE L

320.5

79. 53

0.3974

1.4€2

1T V. E




APFENLCIX C

ZARAMETERS GENERATED FOR THE GAMMA LISTRIBUTION

NOTE: The results giver are frcm one thousand replications
cf 36 Ganmma generated rendom variates. A1l values €xcect
fcy skewness, kurtcsis and coefficient of variation &re in
metsrs. The skewness, kurtosis and coefficient of variaticn

are dimensicnless quantities.
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A. RESULTS FOR DAYLIGHT NAVIGATION

MaAP A MAP B MAE C

Mean 4i.87 4u4.10 47.45

Standard LCeviation 6.523 6.470 6.146

Skewness 0.251 C.460 0. 183

: Kurtosis 0.935 0/-'3:82 0.116
; Minimuam 238 26.65 28.52
Maximum 61.36 7C.18 65.43

eSS = —_—

6.3¢1

0.350

0.253

28. &4

69. €4

? 2. Generated sStandard peviation, 1000 Feplications

MA2 A MAP B MAE C
Mean 62.29 63.97 5925583
Standard Ceviation 12523 12.24 10.2¢€
Skewness 0.452 0.657 0.5%6
Kurtosis 0.176 C.844 0.7C3
Miniaoum 27.52 33.40 35 .33
Maxiaum 167. 2 117.2 107.6

R T ISy T Ty ammm——

66

MAE L

5943

1C. 18

U.5C4

Cle5 56

34.792

104.7




3. Ggpnerated Skewnsss,

MaP? A
Mean 2+632

Standara Ceviation 0.762

Skewness 1.196
Kurtosis 2.009
Mipirua P20
Maximum 0.426

4. Generated Kurtcsis,

1000 Replicatichs

MAP B

2.579

0.806

1.374

2.398

0.983

6.344

MAE C

1000 Ekeplicatiowrs

MAP A
Mean 8el2 7

Standard LCeviation 6.740

SKkewness 24112
Kurtosis 5.994
Mininum 0.3%9
Maximum 50.22

67

MAE C

6.1C¢€

4.747

2+ 115

6.1&3

-O.uz

33.25

=0.C5

3%9.€2




Mean

Standard Ceviation

Skewness

Kurtosis

Mininum

Maximum

6. Generated 5 Cth Quanti

Mean

Stardard LCeviation

Skewness

Kurtosis

Minimum

Maximum

Cosrficient
MAP A MAP B
1.488 1.448
0.175 0.178
0.594 0.823
0.590 1.060
1.064 1.072
2.139 2.165

MNAP A

17.24

4.432

0.718

0.080

T.856

35.58

68

18.12

4.755

0.576

0.467

1.835

36.74

0.4¢7

MAP D

25+ €

5 0 o

O.4€6

0.555

11.78

uge. <7




| 7. Generated 75th Quantile, 1000 keplicazions
E MAP A MAP B MAP C MAP D
Mean 54.23 58.09 64.76 6L4. 54
Standard C=2viation 10.98 10.99 10.18 10.66
Skewness 0.567 0.500 0. V8 0.4€E3
Kurtosis 0.499 0.33¢ =0. 12 0.4€6
Minimum © 29.66 29.46 34.73 37.29
Maximum 100. 6 98.50 94 .41 103 .5
8. Generated 90th Quantile, 1000 Replicatiors
MAP A MAP B MAE C MAP D
Mean . 110. 7 . 115.5 B8 116.7 ,
Standard Cesviation 21.44 20.86 1954 19.€0
Skewness 0.356 05555 0.484 0.439
Kurtosis 0.561 0.u457 0.5¢8 0.574
Minimunm 54.49 6709 66.56 66.83
Maximum 184.6 208.7 200 192.8
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HAF A MAF B MAE C MAP D
Mean 347.7 357.7 318,72 318 .4
Standara Ceviation 109. 2 1165 87.58 88.99
Skewness t.15¢ 1.306 1.11C 1.Ca1
Kurtecsis 2233 20682 1.831 V=757
Minimum 122.4 139.7 1532 148.7
Maximum 9(C&. 6 S48.3 #3713 8z1.4
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E« RESULTS FOrR NIGHT NAVIGATICN

1. Generated Msans, 1000 Rerplicaticns

MWAP A MAP b “4AE C MAE T
Mean 46.33 62.97 55« &5 40.2C
Stardard LCeviaticn S5.G4uy 7.138 7.427 3.982
Skewness 0.%04 0.201 0.215 0.159
Kurtosis 0.029 -0.62 0.1€8 ~€.C2 1
Minioum ZE.18 42.52 34.40 28. 46
Maximum - 6c.oU 89 .24 84.52 52.¢1

2. Generated Standard Deviation, 1000 repligaticeos

MAP A MAP B MAE C MAE T %
Mean 59.65 68.62 13.506 ST c2 :
Sgandard Ceviation 1C.18 10.47 13.04 9153 ‘
Skewness 0.555 0.499 0.641 0.420 |
Kurtcsis 0.662 0.3207 0.8 11 0.229 |

Maximum 111. 6 1C6.3 127.4 5779

4
1 Minioum 36.17 42.32 4C.87 25. €4 1
i
'\




3. Geuerated Skewness, 1000 Ekeplicaticaos

1AP A MAP B MAE C MAE C
Mearn 2.322 1.979 22352 1.658
Standard LCeviation 0.68¢9 0.627 0.699 0.5C7
Skewness 14235 1.426 1.275 1.0C4
Kurtosis 2.0z4 3.485 2.7C¢ 1.772
Mioimum 1.071 0.807 0.540 0.6C6
Maximunm 5.465 5.201 6.611 4,127

4. Generated Kvricsis, 1000 Keplicaticns

MEP & YAP B MAE C MAE D

E Mean 6.5 0 S0 . B85 3.653
: Standard LCeviation 5530 4.€629 5.570 3.214
Skewness 2= 115 2.670 2.213 2136

Kurtosis 5.707 10534 _8.1ck 7.10€

Winiamum 0.097 -0.20 \ﬁg.13 -0. €3

.
Maximunm 37.04 356.24 52:32 254 €5
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Mean

Standard Ceviation

Skewness

Kurtosis

MYinimum

Maximoum

Coefficient
HAP A MAF B
1.287 1.088
0.141 0.114
0.581 0.672
0.304 1.040
0.942 0.814
1.843 1.568

6. Generated 5Cth gQuantile, 1300 Re

Mean

Standard Ceviation

Skewness

Kurtosis

Minioum

Maximum

MAF A

24.50

4.929

0.544

1.610

11.906

5C.31

73

MAE B

40.062

6.758

0.296

0.233

19.01

63.74

Variation, 1000
MAF C MAP D
1.340 0.944
0.151 0.0¢0
0.6€7 0.434
1,055 0.5%4
0.945 0.723
2.0€3 1.328

piicgtionsg
MaF C MAF D
27.C1 29. 14
5/«950 4.0€S
0.445 8¢ 253
G.220 D.1C2
10.51 18.C9
49 5% 4z.18




7. Generated 75th Quantile, 100G EBeplications

Mean

Standard Ceviation

Skewness

Kurtosis

Yinimum

Maximum

8. Cenerated 90tn ¢

Meaa

Standard LCeviation

Skewness

Kurtocsis

Minimum

Maximum

MaAT A

062.78

10.37

0.413

0.280

6E€.04

183.6

74

12.12

0.168

-0.106

£2.85

126.9

145.9

21.03

0.429

0.335

90.24

234.3

24E.6

MAF D

56. 11

6+752




9. Genezated BRangs, 100C Rsplications

Mean

Standard Ceviatioan

Skeaness

Kurtosis

Minioum

Maximum

MAP A

322,22

92.13

1.288

2.910

153.5

798.5

75

MAP B

360.4

96.13

1.278

2.9317

185.9

889.9

MAP C

397.€

117.6

1.31¢

2

.12¢E

190.2

U
Vel

MAE D

194.2

44,55

1.047

95.C4

396.S
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