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AES T E ACT

A s imula t i cn  approach  is g iven to e s t i m a t i ng  t h e
di s tn i~ u ticn  of n a v i g a t i o n a l  errors  observ ed  d u r i n g  a
‘test of f o u r  A r m y  m ap  £roducts , c o n d u c t e d  by t he  US
Army Con t a t  Deve l cpwen t  Ex p ~ L i m e nt a t i cn  C o m m a n d .
E x p o n e nt i a l  and Ga mo ~a d i s t r i b u t i o n s  are s imu la t ed  w i t h
samp i t  sizes ident ica l  to the  a c t u a l  da ta .  T h e
simulated samples are then replicated one thousand

t ime s  tc Erov ide  samp le  sizes or one t h c u s a n d  fo r  k E y
p a r a m e t er s  such as skewness , s t a n d ar d  d e v i a t i c n ,
coe f f i c i en t  of var ia t ion , r a n g e  an d selected

• q u a n t il E s .  Comp arc son  cf these p a t am e t ~ rs is t h e n
made w i t h  the pa ram e te r s  observed in the  data tc
d e t e rm i n e  th e  fit of simulated distributicns.
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I. I N T H O D U C i ’ I O N

Siaiuiaticn to provide answers to difficult prob lem s is

not new. An attemp t to simulate the distributicn of

nav . .gat iona l  er rors  w~~c-n using an existing cr proposed map

product is new. A field experiment ccnducted by the U. 3

A rmy Comtat CevelopLaents Experimentation Ccmm aad (CEEC ~~,

MA PPRO III, during thi~ period April— May 1977, was t~ e

motivaticn fcr a simulation approach to the distnibuticn of

navigaticual errors achieved during this Experiment. This

tne~ is is crganized as follows to explain t~ e s imu l a tion
approach taken and the results ci that simula tion.

A . SECTION II — BACKGñCUND

This section is important for the reader whc is

unfamiliar with the MAPPEO III experiment. It pr cvides an

overvie w cf the experiment tc include a discniption of tne

experiments ’ location , players used, tri e m ap products used ,

design and cbjectives . The results of I~APPRO 111 and

analysi s technigue CD~ c ntilized was provid ed as a aeperture

pcint for a continuing analysis.

E. SECTICN III — DESCBIPTICN OF DATA

This section describes the d&ta used icr analysis . A

descrip tion ci the raw data , genera tion of the data pcints~
t r a n sf o rm a t i c n s  used , accuracy  of the  da ta, fcrn icr

6

. .  _ -
~~~ ~~~

-.
~~
-—  --

~~~~~-— _
~~

_
~~~-~~~~~ ~~~- - -—- .-~ .- ~

_
~~~~~~~~~

_.-——-- - ....- * - - - -



r~ w - 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

an alysis and  quantity ci the data is pr cvided. A suam ary of

the radial navigaticn errers is ~rovidad as a link ‘to tne

gca2. oi simulating these errors with an appropriate

distribution.

C. SECTICN iv — N A T U R E  CF T H E  P R O B L E M

Th i ~ nature ci the protleai is a simple statement ci tie

gcais of the thes is in relation to what was  a c c omp l i s h e d  by
CCEC and what cculi be achieved ~y ap~ roximatinç the

dis~zribut~.on of the radial navigation ercots .

~~. SE C I I C N  V — TESTS CN T H E  D A T A

A description ci the tests perrorme d is given tc

determine pertinent facts about ~he data. Siflce a 
-

siwulaticn ci the radial navigatio n erccrs coule be

acccmplisbed by simulation of the component s of the radial

error, tests were penfcrmed cn the component s to determine

if these ccmponents were correJ.ated. Since all cf th~
components cculd not be definitely defined CA u n c o ri e la te d ,

a c c m p o n e n t  a pp r c a c h  to s i m u l a t i o n  was e l i m i n a t e d  f r o m
coc~ ideraticn and the remainder of the tests vere per icrmed

to test the homogeneity of the data pointE of th~ radial

errors.

E. S E CT IC N  V I  — SIMULAIE D DISTRIBUTIONS

Iwo distribu tions were simula ted tc provide a clo~ e

appzoximat icfl to the dis-tributicn of the radial ‘~rrcrs. The

Exponential simulation was performed as a result of CD~ C’s

9
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est .imaticn that ti’e distribution was E~~pcn€ntial. T be

sec~ nd distribution simulated was t~ie Ga~ima . A descriptio.i

of the me thcd of sii~iula tion , the statistics iL~vestigat~~d an~
ccmpilaticn method is ~rovid€d for both simulaticns . A

ccm~ ariscn of the two simulated distributicns and t~~~ir
associated param eters was then performed with comment s made

for each map ~,roduct icr daylight and for night naviçation

trials.

E. SECTION VII — CO NCLUSIONS

The Gamma simulaticn provided tne i-est ap p r o x i m a t i c n  to
the radial errors for all but one map prcduct. Since CCEC

cculd ma ke mc conclusicn by use ci radial errors on which

m ap prcduct performed test, use ci the simulated

distributions was used to discriminate between the maps. An

alternative metho d of ranking the map products is described

and  i n c l u ded  in this section. Guideiines fcr applicaticn of

the result are alsc prcvided.

10



II. E~~CKG 1~O U N ~

I
A . TEST CE ~ E W A N A~ IM~~R O V E D  t~A 2 S Ai~~ D MA~ PRCLUCTS

1. n er a ~

Luring the p~ tiod Ap ril—May 1977, ‘ILe United States
Army Comb at Develcpments Experimentat ion CcnLnand ((EEC) ,
Fort Crc , California conducted a Test of New ani Im~ rcved

Maps and Map Products (Snort title ~A 9P~ O III) in crder to

evaluate the four map products used my armor personnel in

(I) desc~ ibing specific ~ilitary Graphic Intcrnation (~ GI),

(ii) navigation cf specified day and n i g h t  routes to

preselected checkpcints and

(iii) iccating specified targets during daylight and night

time envixcnments.

2. Expetiment Desc~j~t icr .

~1APP~~O I lL  was a thr~~ —part experi~ ent . Part 1

evaluated the ability of s€lecte~ arm cz personnEl tc
I identify MGI. Part 2 evaluated the effects on rcute

plaflning , navigation al accuracy and target location during

dayLight h o ur s .  P a r t  3 was a duplication of Patt 2 except

that it was conducted during periods of light levels less

than G .3CC25 foot candles.

11
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3. ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

Al l, t r i a l s  and tests were  conduc ted  at  For t  E u n t e r
Lig;ett , Calif crnia in the upper Gabilan Valley 5~n
ilat— to—rclling and rolling—to—rough terrain .

4 . ~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~

Thirty—six pia~ ers participated in Part 1. Twelve

Arm or officers (2nd Lt) and thir teen armor mid—grade

nonaommissioned officers were available for participaticn in

parts 2 and 3. Ho~ ever , only eight officers and eight

n cn~ onmissioned of ficers actually participated in the trials
ci parts 2 and 3. A noncommissioned officer performed a

dual role as veh icle driver and ccntr’cller durin c all
trials. 

-

5. ~~~

Fcur 1:50,~~C0 m a p  products were involved in t~ie
tests:

(i) Standard Line ~Map A) . Army standard issue ma r .

( i i)  Enr i -ched Line ( M a p  ~) . A m a p  v a r i e t y  u s inç  tn e
standard line m ap as a base. Militarily sigraificant

gec ;r aph i c  i n f o rm a t i o n  is added and utility enhanced t~ rcugh

shaded relic t.

12
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(i i i)  O r t h o p n o t o m a p ( M a p  C) . A p h o t o — b a s e d  m a j ~
product produced from a cclcr mosaic or aerial p h c t c r I a p ~4s
and printed using a three—colcr process.

(iv) Black and Wh~.te Photo (dsp D) . ~ map pzc~ uc~ -i
from a single photcgraph of a mosaic of ~rctcgraph~ a~~i

ccn-:aining a military grid cystew ann margi nal s;2~ orm~ t1cr ..

6 .  E~~~~~~~~ ta1 Des~~,n

Part 1 of the experiment was nesign€~ to ~~~- -
~~~~~

personnel in their ability to identify ~~I on tn€ ~~~
products . This was accomp l i5he d  t h r o u g h  t h e  use of s€ v e r ~~i.
standard examinations prepared by the Enginee r ~c~ cgraphi c

L a b c r a t or y .  Par t s  2 and 3 of th~ e x p e r i m e n t  were designed

to evaluate route planning , navigational accuracy and target

locat ions , accomp lj sned ~ by e s t an l i shing  fc~ r z~~v_ gaticnal

lanes ia the Gabilan Valley for both day a n d  n ig at  t r i a l s.
Along each lane were six preselected checfrpcints and at tbe

end of each lane, individual cbs€rvaticn pcints (uP’s) here

used to lccate targets . OP’s at the end of lanes 1 , 2 and 4

each had two targets tc locate. The OP at t~~~E end of iane 3

had thr€e t a rge t s tc locate. The lanes, cbeckpoints , CP’s

and targets ware difrerent fcr day and night trials.

7 .  ~~~~ii~~ n tal O~ j ec tiv~~

The four principl e objectives of the experiment were

tc obtain data on

(A )  Ecw clear ly  each map p roduc t  de p i c t s  t y p e s  of
M GI du r . . ng  d a y l i g h t  c or d i t i o rs ;

13
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(ii) The usefulness ot each m ap product in

visualizin g varicus terrain features and in ans~ ering

relief—related guestIon~~;

(iii) of tcur different map ~zcducts cm rcu te

planning, navigaticual accuracy and target iccation during

daylight hours;

( iv)  The e f f e c t s  of fou r  d i f f e r e n t  m a p  p r o d u c t s  cm
navigaticnal accuracy and target location during penicds of

low light visanility (0.00025 foot candles).

E .  R E S U L T S  C~ MAPP~ C III

1. 1i ta~~ ~~~ ~~~2&~~fl2~ £~1~n. -

The players answeted written ~uesticns atcut MGI

features mcst accurately with Map A and least accurately

with Map D.

2. Cal ~~~~~~~

The analysi s of Varianc e (ANOVA ) cross—pr cduct~
considering onl y the ma p/route combination s were

statistically significant . A Chi—Square t~ccdness of fit

test of the sample distributions of day navigational radial

error indicated that the closest fit was cttained by an

ex pcnential distributicn.

1L4
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3. ~~.y ~~~~~~

The largest radial error compoterts of razjce and

deflecticn occurred with Map D. There was little difference

between these error components with the ctbet ma~ s.

~~ ~~~ht ~~~~~~

Ther e was no statistically significant diffErence

a m o n -j  m a p  p r c d u c t s . The d i sp ers ion  of radial error was

s l ight ly  l a rger  wi th  ~iap D.

5. ~~~ht !.~2~t~~fl

Cf the AN OVA cross—products ; the map by rcute and

set cf p l a y e r s  by route were statistically significant.

~avigation was least accurate w.ith Map E ard Map C ct the
most difficult route (Lane 4)

C. ANAL YS IS TECHNIQUE

A three—way ANOV A was Ferformed hy CDLC or the

nav igation radial error. The ANO Vi~ considered as possible

sources of varia tion the map produc t, the routes and the
sets of players. A set of players consisted cf two cfficers

and two ncncommi ssicred officers who used all four map

products on all four lanes. The players were assignem sets

pricr tc record trials ~.n a manner designed to minimize the

dinrerences tetwe~ n s~ ts. This assignment was a c c omp l i sh e d
by review ing players ’ scores on the written tests and

15
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evalua tin g their field performanc e d uring ex plcra tory
trials. The best players were assigned tc work with the

wor st players , and th~ average players were grouped

together. Eationale for establishing sets was that this

permitted ncrmal ANOVA techniques which require entriEs in

all data cells, the raw data fcr the ANJV A ’ s were ccnier ted

by a log 10 transformation , which tends tc normalize and

stabilize the variance. One of the assuwpticns tot tbs tyj~e

cf analy sis is ncrmality of data .

16
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A. SOURCE

The r a w  data  w e r e  f u r n i s h e d  by the  U n i t e d  S ta t e s  A r m y
Combat Developments Experimentation Comman d , Fort Crd ,

California. The data points  wer e g e n e r a t e d  d u r i n g  the
ccnd-ict of the Test cf New and Improved Maps and Map

Products (Shcrt title i~AP ? i~O) Phase III, during the p€nicd 3

through 23 May 1977 at Fort Hunter Liggett , California.

E. NATU RE OF THE DATA 
-

1. jçrj

The raw data were in the form of ten-digit

coordinates givin g iccation to the nearest meter , cc des
i d e n t i f y in g  the  lane , d a y/n i g h t  t r ial , p l aye r , ck ie ckpc in t
and map pzodtct used. -

2 .  ~~~~~~~~~~ ~~~~ ~~~~~

The data pcints were generated by daylight and night

procedures. The daylight prcced ures were tc assign a player

to each of the four navigation lanes availatle , present th€

p l a y e r  w i t h  a m ap  p rod u c t  w i th  six d e s i g n a t e d  cbeckp oin ts

17
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for a player to plan his cwn navigatica route to the

iden tified checkpoints. For safety reascns during nignt

trials, the players were provi~eed the cneckpoints and a

designated rcute on the map product. As a player navigated

his planned ci designated route , his pcsiticr was constantly

mcni tored by electronic location designatict devices. Cnce a

p laye r  dec ided  tha t  he was at the designated checkpoint , he
infcrme d an his controller who activat~~i a switch o~ his

t r a n s m i t t i n g  u n i t  wh i ch  a c c o mp a n i e d  t b e  p l a y e r  an d
ccntrcl ier in their vehicle. The act of ~ur n ir ~ on the

transmitter designated the iccation of the vehicle.

3.  
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~ 

h~~~ at ~

The raw data points in the form of ccordinates were

t hen  c o m p a r e d  to the cccrdinates of the desigaatc-d lccation.

The actual location was then. subtracted frc~ th e player ’s

location wn i c h  r e su l ted  in posi t ive and  n e g a t i v e  v a l u es  on
an x ,y axis with the designated location being (0,0) cn the

axis. Positive values are errors in the north and east

directicns. Negative values are errors in the south an’l

wes t directicns.

4. c~I~~1

The accuracy of the radia l €rrcts calculated was determined

by the aeasuring devices used. because these calculaticns

are to the nearest meter , th e errors are probably continuous
and identical values are due to rounding, even thcuçh the

underlying distribution is ccntinuous .

Fcr player safety , the actual locaticn of the player
was con tinuously monitcred. When a player deviated mcre

than SOC meters during daylight trials, and more that 50

me ters duiin t night trials from nis selected or prescribed

18 
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n cu te, the player was quasticned to determi ne ii ne knew hi~
location. If he did nct know his location , be was declared

lcst and returned to his previous checkpoint. This

procedure , althougn assuring safety on the ccurses and tein~
an cp er at i cn a l  n e c es si t y ,  l im i t ed  the radial errors wnicrx

w culd  o t h e r w i s e  h a v e  b een observed . The  n u m b e r  of evert~ in

which a player was lest is an important parameter with an

impact upon the performance of the four m a p  ~roducts. The

numbe r of lost player events , however , was sm al l  in
ccmpariscn tc the number of navigaticn pcints us~ d in tna

sample. Taile I gives the nunter of lcst player events fcr

each map and tne total lost player events. There were ~~
check points for each of the map products and 384 check pcirts

total ion each of the daylight and nignt trials. No record

was mn d€ if a player recorded nulti pie lc~~t player events

when trying to reach a s ingle  c h e c k p o i n t .  T a l l e  I l is ts  t h e
numbe r cr lost player events recorded fcr each nap during

the two trials. 
-

TABLE 1 — LOST PLAYER EVENTS

D A Y L I G H T  TRI AL S

N A P  A MAP B M A P  C M A P  D T O T A L

S 4 5 18

NIGHT TRIAL S

~ A A ~~~ A MAP B MA P C MAP C TOTAL

1 5 5 13

The s a m p l e  sizes for icst play~ rs is toc small tc make

statistical inference In the data. Tie con c lu s ions  d r a w n  by
CEQC that there is no difference in the effect of t~~ m aps

during Daylight Trials and that maps A and ~ penfor~ced

~ 
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better with tewer lost player events during night trials was

subjective and probatl~ accurate. Wi thcut tie berefit of

kno w in g w h i c h  radial e r r o r s  were  a c h i e ve d  a f t e r  a lost -
player event and the possiblility ot puz ;ing thcs€ data

points , ncthing more can be said about these events and

their effect was not considered in the remainder cf t~ e

analysis.

5. ~cnm eo~ ~~~~~~~~

The ten—digit coordinate of a player ’s location was

split into two parts: the first five figures bEi nç

East/West and the secccd five figures being No:th/~ out h.

These figures tr~ nslatc naturally into the x and y axis.

Absciute m iss distances fr o m th e  ac tua l  c he c~~p~~int ~ w as t h e i~
c a l c ul a te d  by subtracting the N cz t ~ /Soutb an~ E a st / w e s t  true

checkpoint figures from the player ’s Nczth/South and

East/west figures . This provid ed X and Y- r~ adings which

were individually sguazed and then the X— sgua re was summ ed

with the as~ cciated 1—square. A sguare—rcct was then taken

of this sum and the result was the abso lu te  miss distance

from t~ie actual checkpoint , sutseguently EEL reuced as tie

5a diai Error and the data form used for analysis.

6. Qua~~~~~ Q~

There  were f o u r  n a p  p r oduc t s  tc ev a l u a t e , fcur
nav~gaticnaJ . lanes and six checkpoi~ ts on each l a n e .  Eac m
m ap product ias used on each navigation lane resulting in 96

readings for each map during daylight trials aed 96 readings

for each m ap during nigh t trials. The tctal numb er of

readings was 384 for daylight trials and 384 for night

trials.

20
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C. SUMMA ~~1 CP THE AAD IAL EBFC~~S

Sunmaries oi the caictriated parameters of the Radial Errc~.s

are given in Tables II and III. All values , except for

Skewness and Kurtosis, are in meters. The SJ~ewn ess is a

m e a s u r e  of t he  s ym e t r y  at c u t  the  nc-an. The Kurtcsis

indicates the snape of the der~ ity tu~ ction with large

values indicating sharp peak and snail va l u e s  indicating a

flat peak. 
-

IAk~LE 11 
— SUNMAR ~ CF RADIAL ERRORS — D A Y L I G H T  T R I A L S

M A ~~~ A iIA P ~ M A P  C NAP D

Mean 4~ .l4 44.24 47.23 47.17

Standard Deviation 63.60 65.18 ó1.C6 6C.24

S k e w n e s s  - 2.516 2.687 2.062 1.831

kurtosis 5.900 7.802 .j.654 2. -9€ 3

10th Quant ile  3.606 3.606 5.3~ 5 3.1€2

25th QuartilE 8.395 7.17b 9.641 7 .83 9

50th Quantile 19.35 17.73 22.24 17.46

75th Quar .tile 38.97 54.15 51.~~2 72.C1

90th  Q u a n t il e  115. 8 107.8 138.7 126.6

M a x i m u m  319.7 357.8 2 7 4 . 6  2 8 2 . 0

21 
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‘ 1AB Lh III — S U M M A R Y  CF R A D I A L  E ia OR S — NIGHT TRiALS

M A P  A F l AP  B N A~ C N A P  D

Mean 46.32 63.Ub 54.60 63.C0

Standard Deviation 6C.20 69.7~ 74.75 60.19

Skewness 2.26-s 2.773 3.81€

K u r t o s i s  5.283 11.33 2 C .~~3 2 . 2 5 3

10th Q u a n t il e  3 .162 5.365 5 . i E S  4 . 2 4 3

25th  Q u ar t i l e  7.56 7 12 .b 7  10 .T h  14 .4 9

5Cth Quantile 1S.26 45.79 33.S€ 50.26

75th Quantile 61.48 87.23 62.6C 8 6 . 7 9

90th Quartil e 1(9.0 137.4 135.1 161.C

Maximum 2~ 9.0 464.1 
- 

5 58 .4  305 . 1 
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1W. NATU RE Ci; ~IUi PL~O B L E M

CDEC utilized a transfo:waticn or the radial errcrs in

crder tc perform ANOVA on the data to deter~ ine ditferenc~~
in the map pzcducts. T he  only attempt tc identity tr~e

distributicn of radial ~rrcrs was a Chi—Square Gooduess of

Fit Test wnich accepted th~ hypothesis that the errors we~~
Exponentially distributed. Since CDEC ccold not rark th~
effectiveness of the m ap products using A~ CVA techniques ,

knowledge of the distribution of radial erzcrs could ~rovide

fetter methc ds tc arrive at a decisicn as t~~ whic h nap

product per~ oraied best. The problen , therefore , is tc

d€t~ rmjne the actual distributicn of the radial errors.

lo is  Thesis  is a simulation approach to findirg ~
dis~ r ibut ic n- wh ic~t bes t fit~ the actual disttib~ition cf toe

navigati on radial ertors. Two distributicns , Exponential

and Gamma , were simulated and compared to the actual data.

cnc€  a d i s t r i b u t i o n  fo r  the  r ad ial  e r ro r s  has been

approximat ed , decisions about the perfcrm ance of each m ap

pro~ uct can be made. -
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~~. TE STS O~ T H E  D A T A
1

~ 

A .  F A L ~A �1E~~R 1C T E S T S

One a~ prcach t o  s i au l a t in g  t h e  r.a .~ial  e rz c r s  ~ou l 3  b~~~ to

simulate the ~ and Y errors and then ccnvert these values tc

radial errors. In crier to simulate thc - X and Y velues,

a (nclledge of the cot:-elation between the X and I valuEs was

req~iired . It little of no correlatico existed between these

values and the ~ istri~ u t i c n  of t h e s e  v a l ue s  c c u d d  cc

approximated cy t ue Ncroai distribution , tue prob lem of

sinulaticn hculd be reduced. An analysis of the X ari~ I

v a l u e s  U s i n g  a histogran was not encouragihg in that the

values did not appea r Normally distzibuted. The fol1c~uin~
test assumes that the X and I values ar~ N c r m a l iy
distributed. The BI~~ED S t a t i s t i c a l  P a c k a g e  f R e f .  E ]  ~as

used in -the following test.

1. 
~~~~~~~ ~~~~~~

The bivariate plotting of the X , Y data IdS

performed tc observe th~ relative lccaticns of thc- ~~~~
€rr’~rs in reiaticn to a comm cn checkpoint and to det .~r m i n ~
if trends cculd ce o~ served . These plots ~EtE prepared for

each map for daylignt and night trials. Wit i each plot , t~ e

EIMED Statistical Package provi ded tue ccrrelatior , the

me ans an~ standard d-eviaticn s of X and I, a linear

r eg ressicn line and ~be residual mean squares. The r€.Eults

of tnis analysis are described in the fcllcwing sectiors .

24
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2. ~~~~~~~~~ ~~~~ X

Since the ~I?1EE bivar~ ate p lotting ci the X and I

tased cn the ass~ npticn of Normality, tests or tne

Ccefficient cf Correlation, were based on the nypothesis that

the X and I values were independent if the ahsolure value of

the Coefficient of Correlation sas not too largE. A

Student’ s “t 1 test was used for the hypcthesis that tee

Ccefficien~ of Correlation equaled zero. The “t’1 statistic

was calculated by:

Let: r = Sample Coefficient of Correlation

N = 96

Then: t = r (SQ~ T (N — 2))/SçF~T (1 — r*r)

The significance of each Coefficient cf Cor r€laticn

de terminEs ~hether in fact the X and I v a l u es  ar~
independen t (for Normally distributed X and I values) . Tue

res~ilts icr daylight navigation trials indicated a negativ e

coefficient Cf correlation1 cf 0.262 (Significant at Alpha =

0.003) for ~lap A , a ?csitivE coefticient ci ccrrelaticn of

0.154 ~Signific~tn t at A l p h a  = 0.07) for Map B, a negativ e

coefficient of correlation of 0.223 (Signilicant at Al ph a =

0.008) fcr Nap C and a positive coefficient of correlation

ci 0.085 (Significant at Alpha = 0.20) for ~ap 1). Pap D

accepts the hypothesis for any Alpha less than 0.20. Nap B

accepts the hypothesis for any Alpha less than 0.07. ~.aps A

a n d  C r e j e c t  t n E  hy p o t h e s i s  for  r e a s on a t l e  Al pha  v e lu e s .
This indicate s that tn€ values fcr at least two of the naps

are correlated under the assumption of Normality. The

results for night navigation trials all reject the

hypothesis.

25
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3. O~~~~~ ve~ T~~~r~~s in

Ecr the daylight trials, most of the (1,1) errors

w€L e to the ~est and South of the actual che ck point. This

result is nct su rp r i s i ng ,  g i v e n  the human tendency to drift

to the right when attempting to go in. a straight line , and

most of the routes to the check points fcllowed a gEneral

asmuthe ci East to Southeast. During the night trials , the

same trend in West and South errors was ctserved . Paps A

and C shcw trends in. that the radial errors are in a 250

meter nard ~~cm Northwes t tc Southeast. Nap B and t. ~c not

exhibit this trend .

E. NONPA~ AMETRIC COSRELATICN TESTS ON X ANE I DATA

To fur ther  - investigate the possibility of correlation

between the X and I values, several Nonparametr.ic Tests wers

per formed. The livariate Plctting and resultant correlation 
-

provided previously, assume that the X and I values are

Normally distributed. Since this fact has not been shcwn ,

Ncnparawetric tests for correlation wer e per formed. AU.

tests shcwn below were pe:formed by the fIN2D Statistic~d.
package. 

-
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The results of the tEst were as folicws:

~iAP A MAP B NAP C NA P ~

Caylight Trials —0.275 —0 .015 —0 .CóS 0.0(7

Night Trials —0.209 —C.32 t~ —0.410 —O. 2~ 2

Since the number of samples is greater than 30 , the

distribution of the Spearnian Rho is ade~ uate1y approxinated ,

undEr the hypothesis ci no tretid , by a norma l distribution

w i t h  mean  zero and v a r i a n ce  (V) equa l  tc the  r ecip ical  c~
the sample size minus cne (V = 1/(96 — 1)). The value

C.01053 was then used as the variance , so the Standa rd

Cev ia t ion  w a s  0 .1026 .  The h y p o t h e s i s  of n c t r e n d  cou ld  t h e n
he  r e j e c t e d  wi th  an A l p h a  = 0.10, if the abs olu te  v a l u e  of
Spearman Rn o was greater than. 0.13150. By this criteria Nap

A , during daylight trials, and all maps during th€ niq6t

t r ia l s, show correla t icn  b et w e e n  the X and I va lues .

2. ~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~

The K endal l  R a n k  Co r r e l a t i o n  C c e fu i c i e n t  T e s t  was
alsc p e r f o r n e d  and s u p p o r t e d  the f i n d i n gs  of the Spearman
Rho and is nct included. Since a correlatict is i n d ica t e d
between the ~ and I values , a siapie simulaticn of the X and

I values was not possible and the ap~ tcac h ~as eliminated

from consideration .

27
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C. NONPAE A~1ETBIC TESTS FOR MCNCG EZ~.EITY OF- RAC IkL E&~ROES

Since the X and I values were not uncorrelated for all

maps , the simulatica of the radial errors by simulating X

and I was discarded and emphasis was placed cm the r a d i a l
errors. Tests were performed cm the radial error values to

determine if the underlying distrioutrons icr the radial

— errors from all map products were tne same. Ido

Ncnpanametric tests were used: The Kolmogcrc v—Sm irncv Test

is a pair—wise test and The Kruskall—Wallis Test is a

multi—sa mp le test to determine if th~ un de r ly i.-tg

distributions are the same.

1. Ktuskall—Wallis Test on Radial Errcrs

A Kruskall—~ allis Test was performed on the data to

determine if the value s were drawn frcm the sane

distribution , statistic (H) is generated by merg ing all of

the samp le data , rank crdering the data and then grcupiag

the data into their original sets and summ ing the ranic s for

each set. The Ktuskall—Wa llis statistic, H , is given b y

H (1l/N (N + 1)) (Ri/n + R2,/rn + R3/l + R 4 4 , p)  — 3 ( N  + 1)

28
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where :

R 1=Sum of ranK.~ ~cr Nap A

R2=Sum cf ranks fcr  ~1ap E

R3=Surn of ranks icr Nap C

R4=Sum ci ranks fcr Map C

n = = 1 = p 96

N = n + m + 1 + p = 354

The d~stnitution Of H is then Chi—square wit h three dEgrees

ci £reedcm .

Ccmpa risons of the radial errors fcr the four m aps

rot daylight and night navigaticn trials cc~ ld not reject

the hypcthesis that the rad~ al errors for daylight Cr th-.~

radial error ’s for night came from the same underlyi ng

distribution . -

2. ~olic~~~ ov-Ssi~~~ v TEst  of Radial Esrcrs

a. Eaylight Navigation Trials

Eiapenica l Cummulative Distribution Functicas

were calculated for eacri map and plottel cm the same scale.

This was accomplished by incrementing t~ fiv e meters ,

counting the numb er of v a l u e s  which were egual to or less

than tnat increment sum and dividing by the sample size of

ninety—six. Using pair—wise calculations and an Alpha valu e

ci 0.10 , tue results were as follows.

Le t d= i ax J Fl (X) — F2 (X) I

2~
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Accept at Alpha=0.10 if d <i.22 (Sgrt(2,iSc))=0.176CS

Map A vs Nap B , d=O.Ob (0.176~ 9

~ap A vs Nap C, d=0.Uó<0.17609

Map A vs Map C, d0 .14<0.1760S

Nap B vs M~ p C, d=O .0d<0.11609

Map B vs Nap D, d=0.1~4<0.17609

Map C vs Nap D, d=0 .12<0.176C5

The Kolmcgcxov— Smirn cv Test cannot reject the hypothesis

that the underlying distributions are tne same.

30 
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VI .  
~~iI~Q

After ctserving the histcgrams ci the actual radial .

errcrs and recognizing tae fact that the radial errors wculd

be positive values , the si~iulaticn of random variables w h i C h

had values less than zerc were eliminated from

consideratioc. The CDEC report used a Chi—Square Gocdness

of Fit Test and estimated the distributicn ci errors to be

Ex ponential and des, therefore, included in the

investigation. The Gamma distribution was investigated tc

try to explain the shape of the histograms and the larger

number of values near zero. A lack of time prevented the

investigaticn of possible combinations of distributions.

A. SINULAI ICN OF THE EXP0NE~ IIAL DISTBIBUTICN

1. Gemeral

As stated in Chapter II, COEC perfctned Chi—5guate

Goodness  of f i t  tes ts  to t h e  r a d i a l  e r rcrs  a r d  s t a t e d  t h a t
the expccential distributicn provided the test fit. Since

the Chi—Eguare Test is sensitive to how the data was

sectioned and grouped at the tails of the distributicns ,

this test is not very suitable.

31 
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2. stc,~ and  S~~~ ist,~cs InvestigatEd

By r e a d i n g  the radia l errors into the HISIF/g

Library package , a histogram o~ the data was prodtced and

twenty— six peEtinent statistics were geuerated . The mean ,

coefficient of skewness , and coefficient ci kurtosis are

three of the twenty—six statistics and were ComputEd as

shcwn below.

Ne an=  X (i)/N

Skewness= (third C-astral ?lcment)/(Standard E-evation )

Xu r t o s i s=  (Fourt h Cent ra l N o m e r t ) / ( S t a n d a r d  D e v a t i o n )  — 3

The skewness and Kurtosis Of d i s t r i b u t i o n s  are of i n t efe s t
t~ cau se . t h ey  h a v e  ranges  of va lues  icr p a r t i c u l a r
distributions. A range of values w a s  ob t a i n e d  to c cm p ar e

with the zeal data by simulating the occurence of the zamdcm

v a r i a b l e  cver  m a n y  r e pl i c a t i c n s .

3. ~~
_
~c_~ 2~

The siwulaticn procedure used was to calculate the estimate

of ~ne m ean for actual radia l errors and to use thi.~
estimate as the parameter for an Exponen tial random variate

yenerator. The random vatiate generator is described below

X= Rand om Variate

U = Unifcrm ~O ,1) random number

~1 E s U m at e  or tb -a ~1e~~n

X=—(N) ln (U)

32
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Ninety— six ci these Exponential (X) variates were generated

tc ~iwulate the sample size ci real nawigation radial

errors. Tnese gen c~~~ted samples were then replicated cue

thousand tim€s .

‘4 .  
~~~~~~~~~~~~~~~~~ £~

Each sample  of size 9o was read into a m o d i f i e d
HISIF/G suiroutine in crder to generate the sampl e

s tat i s t i c s .  The one t h o u s a n d  rep l ica tions  p r o v i d e d  a rr a y s
fo r  each statistic of size one thousand. T h e  a r r a y s  icr  t h e
mean , coefficient of s k e wn e s s , coeff ic ient  of Kurtosis ,

Cce ff i c ien t of Variation , Median , 50th çuantile , 75 th

~uanti1e and 90th Quantile were then put intc the HISIF/G

Libarary program. Th e cutput prcviueu a sample distfitution

ci the statistics whicx~ were gen erate~ by an Exponential (Z’1)

distributicn t h r o u g h  whic h the  actual ~ata  were c cm r ar e d .
The tables ci th cse reruits are in A p p e n d i x  B . - 

-

E. SIMULATI CN 01 THE GAM MA LISTEIBUTICN - -

1. ~~~~~~~ ~

By inspecting the histogram generated by tue

experimental radial errors , the Gamma distribution dppe az d

a l og i cal  p o s s i b i l i t y .  To c O mp e t e  t he  scale and  lo c a t i o n
parameters for the Gamma distribution , the calculated mean

an d variance were used as follows~

33
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Nean=Sha pe*Scale

V a r i a n c e  ~ Shape* (Sca l e )  **2

m i s  resulted in A lp~ a~ Shape) and Beta(Scale) parameters

ca lcu lat e d as fol icus:

B e t a= V a r i an c€ / M e a n

A l ph a = M e an / b et a

The calculated: parameters of t h e  d i s tn ib u ti c n  a re  g i w e n  in

Table IV.

T A B L E  IV — P A B A M E T E E S  OF GA M M A DiS T R I B U T I ON

D A Y L I G H T  T R I A L S NIGHT TRIALS

da~ A: Alpha=0.L&3901 Alp ha U.59214

~eta=95.S94€7 Beta=78.22957

N ap  B: Alpha=0.’46O~~ A l p h a~ O.81735

i~eta= 96.O0516 5eta~ 77.17915

N a p  C: ~ lp h a = O .5 9 83 2  A l p h a = Q . 5 3 3 5 7

Beta=7 8.94075 B€ta 102.33755

lap D: Aipna=0 .6132C Alp ha l.09553

Eeta=76.92229 Beta=57.50502

2. ~~~hc~ 2f ~~~~~

In crder to generate s a mE l a  s iz e s  c~ ninety—six and

replicate these s~~ pies OflE thousand timea , a r€ j€ ct~ on

me tood was utilized to gui~erate Gamm a variates . The Gamo~a

random variate generator used was f r o m  t h e  D i r e c t c r y  of

Rcutines in the International Mathematical a~ d S t a t i s t i c a l

3’4
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L i br a r y  (I~~~L) a t t h e  ~~. B . Ch u r ch  C o m p u t e r  Cen t e r , N a v a l
Postgraduate School, ~1cnter ey ,  C a l ifo r n i a .  Since all IZ ~SL

r o u t i n e s  a re  p r o p r i e t a r y ,  the  p r o g r a m  c a n n o t  be i n c l u d e d .
Each  ci th e  s a mp l e s  c~ size ninety—six were then used  as
en t r i e s  in-t c the Modif ied HISTG /E S u t r c u t i n e  to g en e r a t e
s a mp l e  sizes  ci one t h c u s an d  f o r  the t w e n t y — s i x  p a r am e t e r s
f o r  both th e Day l ig ht  and N i g h t  N a v i g a t i o n  E r r o r s .

3. 
~~~~~~~~~ 2! ~~~~~~~~~~~~

The  cca~-i ia t ic r .  p r o c e d u r e  was i d en t i c a l  to t h a t  u s e d
by t he  E x p o n e n t i a l  s imu l a t i o n .  Resu l t s  of the  c om p i l a t i o n
are  in A p p e n d i x  C.

C. CC~ ? A E I S C N  OF T u E  T~ O S I M U L A T E D  DI S I b V t I O N S  TO Il- B

~C T U A L  D A T A  
- 

-

The ccmpar i sons  b elow a re  m ade b e t w e e n  the f o u r  m ap
p~ oducts  f o r  the p a r a m e t e r s  g iven.  Replications ci tne

p a r a m e t e r s  p rov ided  Ncr u i a l ly  d i s t r i b u t e d  d a t a  for  a l l  hu t
the Kur tcsi s  and the  R a n g e .  The s up p o r t  icr a p a r t i c u l a r
d i s t r i b u t i o n  was chosen by le t t ing A l p h a  equal  O . I C  and
p e r f o r m i n g  t h e  s t anda rd  tlcrmal Test. Replicaticns ci t h e
s i m u l a t e d  d i st r i b u t i o n s  did not p rov ide  N o r m a l l y  d i s t r i b u t e d
Kur tôs i s  or R a n g e , so standard applicaticn of statistical

t e ch n igu e s  was  not  appropriate. AU. K ur t c s i s  and  R a n g e
p a r a m e t e r s  were  checked to in su re  fea s i b i l i t y  and no t  used
to d i s c r i m i n a t e  be tween  t he  m aps .  Since b c t h  p a r a m e t e r s  f o r
g e n e r a t i n g  s imula ted  E x p cn en t i a l  the  means  of the
d i s t r i b u t i on s  are not use d as a d i s c r im i n a t i n g  p a r a m e t e r .
T h e  d i s t r i b u t i o n  s tat ist ics f o r  the e x p o n e n t i a l  and  g a m m a
distributicn s presented in tables V throug h XI I  are coded as
fcllow s:
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AV — The Actual Value.

EMN — The Expcnentially Generated ~i ean ci the Paraneter .

ESD — The Standard Deviation of the Exp Generated Mean.

G~ N — The Gamma Generated Mean of the Parameter.

GS D — T h e  S t a n d a r d  D e v i a t i o n  cf the  G a m m a  G e n e r a t e d  i l e a n .

TAbLE V — DIS-IRIBLJTION STATI~~1ICS 
— DAILIGHT TE1I~ LS — 

~~~~~~ E A

Parameter AV E~~N ESE GNN GSL

Mean  42. 14 142.23 4.2Ji - e l . 6 7  6 .5 .j

Std Dcv 63.6~i ‘41.91 5.81L4 b2.29 12.2J

Cccii Var 1.509 0.~~93 0.101 1.488 0.175

Range 318.7 217.2 5 3 . 6 b  3~e 7 7  ~~~~
Skewness 2.516 1.623 0.558 2.632 0.762

Kurtosis- ‘4 .257 3 .732  €s .727  6 . 74 0  6 .8 1~

50th Qnt 19.35 29.55 4.376 17.24 4.LL~2

75th Qnt ~8.97 58.58 7.563 514.23 10.~~8

90th Qnt 115.8 93.20 12.03 110.7 21.44

The geneiat~ d parameters fat Nap A shcwn in Table V,

s up p o r t  the  Ga m ma d i s t rib u t i c n  of the  r a d i a l  e r ror s  icr  t h i s
map. The Standard Deviation , Ccef:icient of Variation alid

all g~~ant i les  c o n s i s t e n t l y  r e j ec t  t~~e Fxpcner.tial

distributicn and accept the Gamma d :stributicr .
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TABLE VI — CISTRIBUTIc~ STATISTICS 
— DA 1L IGF~1 T R I A L S — M A P B

Parameter AV E M N  ESD GdJ GEC

M e a n  4 4 . 2 5  4 .17 4 . 6 3 7  4 1 . 87  ó . 5~~i

Std 1ev 65.18 ‘4 3.71 6 .44 1  o 3 . 9 7  12 . 24

Cccii Vat 1.473 0.969 0.093 1.448 O .17~

Range 356.8 227.1 56.1 1 j 57 . 7  1 16 . 5

Skewness 2.687 1.209 0.572 2.632 0.762

Kurtcsis 7.802 4.237 3.945 8.727 6.740

50th Qn t 17.73 ~0.96 14.42C 19.12 4.795

75th Qnt 54.15 bl .70 7.941 54.23 1C.SE

90 th  Qat 107.8 97.74 ~~~~~ 1 10.7 21.44

The generated parame ters for N.~p 2 , s h c w n  in Ta i l e  VI ,
again strongly suppor t the Gamma drstnibuticn od the radial

er ror s  icr  th i s  map .  2he S t a n d a r d  D e v i a t i c n , C o e f f i c i e n t  ci
Variation and 50th çuantile support a Gamm a distrihuticn.

The rest ci the parameters support either Gamm a er

Exponential distribution . The Skewness actual value is

within a normal range for both generated Ex~ onentiai and

Gamma. For the ExpcrAen-tial , the actual value is 1.535

Standard Deviations frcm . the genera ted  mean. For the Gamma,

t h e  actual value is 0.070 Standar d Deviations ±rcm the

generated mean. Clearly, the actual value is more

“ccmfortable ” in the Gamma distributicn , but tot any

reasonable Alpha value (<0.10) the hypothesis that the

actual value is from the Exponential di~ triiution c~tnr c t be

rejectea . The 75th and 90th Quantiles Equally 5 U ~~~~C t t

either a Gamma or Exponential distribution.
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TA B LE V ll — DISTRIBUTION STATISTICS — DAYL iG HT T RIALS - NA P

C

Pa r a m e t e r  AV E N N  ESD G~1N C-SE

Mean £47.23 47.40 4.936 47.45 6.146

Std D cv 61.06 46 .87  6 .666  59 . 9 3  1 0 . 2 6

Cceif Var 1.293 Q.S88 0.095 1.262 0.129

273.6 2~~1.7 57.54 31~~.2 1C8 .14

S k e w n e s s  2 . 0 6 2  l.7b2 0.506 2 . 2 1 6  0 . 6 1 6

Kurtosis 3.654 3.967 3 .27 8 c . 106  ‘4 . 7 4 7

5Cth Qnt 22.3~ 33.24 4.902 25.42 5.193

75th Qnt 51.92 66.03 8 . 2 5 4  6 4 . 7 6  10.18

9 0t h  Qnt  138.7 105.1 14 .09 118.4  15 . 5 4  -

The generated parameters for Nap C, s h c w r ~ in Table VII,

support the Gamma distributicn cf the radial errors for this

map. The Standard Deviation , Ccefricient 0 ’ Vari aticn , SC t h
Cu a n t i l e  a n d  9 0 t h  Q uan t i l e  s up p o r t  t h e  G a m m a  ~i st r ib ~~t i .~n.
The Skewness and 75th Cuantile support either Ex~~~nential or

Gamm a distribution. For the Skewness , the actuil valu e ~~
C.553 Stan-dard Deviaticns frcm the Exponertial me an and

0.233 Standard Deviaticns frcm the Gamma mea n . For the 75th

Quantile , the actual value is 1.709 Standard Deviations from

t h e  E x p c n e n t i a l  m e a n  an d 1.2ó 1  S t a n d a r d  D e v i a t i o n s  f r c m  t n e
Gam m a mean.
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TA6LE VIII — IISTRIEUIION SPATISTICS — DAYLI GHI TaIALS —

£

P a r a m e t e r  A V E N N  E SD GM ~ G SE

Mean 147.17 47.22 14.651 47.~~3 o.3E1

Std D cv 6 0 . 2 4  46.51 6 .537 59 .35  1C . 1 8

C c € f t V ar  1 .277 0.985 0 .095  1.25o  0 . 1 3 1

Ra nge 281 .0  239 .9  59 .55  316.4 8 8 . 9 9

Sk ewness  1.831 1.787 0 .534  . 2 50  0 . 656

K ur tos i s  2 . 9 6 3  4. 150 3 .4 82  6 .4 3 8  5 . 0 2 7

50th Qnt 17.4b 33.12 4.751 25.~~7 5.155

75th  Q n t  7 2 . 0 1  65.74 8 .C8 1 64 . 5 4  11.86

90th Qnt - 126.6 104.4 12.99 
- 

- 116 .7  19.60

The generated parameters for ~~~ D, sbc.r ~n iabl~ Viii ,

s u p p o r t  t h e  G a m m a  d i s tn i bu t i c r i  ci tue r a d i a l  e r r o r s  f o r  th i s
m a p .  T h e  St a n d ar d  D e v i a t i cn , C o e f f i c i e n t  cf Va :iaticn ai~i

50th Quantile support the Gamma distributict. The  r € m a i . r i n ~
parameters support either a ~ia mm a cr Exponential

distrii ution. Except fo: the ~kewne~~~, the Gamma

distribution fit is better tnan the 2x~~c n e~~tia1
distribution. The Ex~.cnentiai siniulaticn prcvides a Lctt~ r

fit of the actua l Skewness.
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I A B I E  IX — DISTRIBUTION STATISTICS — N I G H T  T F I A L S  — M A E  A

p a r a m et er  AV E M N  ESD G~ N G SL

M e a n  44 6.32 46 .42  4 .6 5 3  46 .33  5 . 5 44

Std Dcv 6 0 . 2 0  -46.06 6 .391  5~~.65 1.0 18

Coeff Var 1.300 0.993 0.100 1.287 0.1 14 1

R a n g e  2 9 8 . 0  2 32 . 7  55 .81  3 2 2 .2  9 2 . 1 3

Skewness  2 .268  1 .632  0 .55 8 2 . 3 2 2  0 . b 6 S

Kur tos i s  5.283 4 .2 57 3 .732  6 .860  5 . 5 3 C

50th Qnt  19.26 32.48 L 4 . 8 1 C  24 .50  4 . 9 2 5

75 th  Qnt 61 .48  64.39 6 .3 13 o 2 .7 d  10 .37

90 th  Qnt 109.0 102. 4 13.23 11 5.6 18 .63

The g en e r a t e d  p a r a m e t e r s  f cr  M ap A , shc o n in T a b l e  IX ,
support the Gamma distributicn of the radial  errors f o r  t h i s
map. The Standard Deviation , Coefficient ci variation and

50th  Q u an t i l e  suppor t  the G a m m a  d i s-t r ibu t i c n .  All of t h C
r e m a i n i n g  gene ra ted  p a r a m e t e r s  su p p c r t  e i t her  the

Ex p c n e nt i a l  cr G a m m a  d i s t r i b u t i o n .
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T A B L E  X — DISIiUBUTION ST&IISTICS — N I G H T  T R I A L S  — LIAP E

Parameter AV ENN ESD GMN GSE

Mean 63.08 62.98 6.612 62.97 7.138

Std Dcv 69.78 62.33 9.184 68.62 10.47

Coeff Van 1.106 0.9~~9 0.098 1.088 0.114

R ange  463. 1 323.8 82.85 360. 14 96 . 1 3

Skewness 2.773 1.809 0.572 2.322 O.6E~

Kurtosis 11.33 4.237 3 . 5 4 9  5 . 07 4  4 . 6 2 5

50th Qnt 45.79 44.15 6.302 40.62 6.756

75th  Q n t  87 .23  67.98 11.32 87 .77  12 .12

90th -~nt 134.14 135.14 18 .93  14 5 .9  2 1 .0 3

The g e n e r a t e d  p a r am e t e r s  fo r  M ap B , sh c w t  in T a h ~~e X ,
support either the Ganma or Expcnential distribution ci tre

radial. errors for this map. No statistical discriminator

can  be f o u n d  to d e t er r i ne  w h i c h  d i st r i t u ti c n  is c o r r e c t .
Th i s  f a c t  is not  s u r p r i s i n g ,  since t h e  snape  p a r a m e t e r  fo:
the Sanma distnibuticn was 0.817, close to t h e  s h ap e
p ar am e t e r  fo r  the  G a m m a  to b e c o m e  an E x p cn e r t i a l  ( S h e p e  =

1.0 00) .
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TABL.E XI — DISTRIBUTION STATISTICS — NI (8r TRIALS — M A E  C

P ar a m e t er  AV E N N  E SD G M N  GSL

M e a n  54 .60  5 14 •79  5 .70 8  55.15 7 . 4 2 7

S t3  ~~~~ 74.75 514.18 7.706 73.90 13 .C~4

C o e f i  V a t  1 .369 0 . 58 9  O . C 9 5  1 .340  0 . 1 5 1

R a n g e  557 .4  279. 14 6 6 . 4 1  397.8  117.6

S k e w ness 3.8 18 1.782 0 . 5 72  2 .3 52  0 . 6 5 5

K u r tos is  3.65 44 3.576 3 . 2 7 6  6 .106 4 . 7 4 7

50th  Qnt 33.58 36 .42 5 .667  2 7 .01  5 .550

75 th Qut ó 2 .6 o  76 .33 9 .54 2  74 .20  1 2 .7 6

dth  Qnt 135.1 121.5 16 .29  141.0  2 4 . 6 1

The generated parameters fcr Nap C, shc~ r1 in Table XI,

supp crt the Gamma distributicn ci the radial errors for this

map. The Standard Deviaticn , Coefficient of Variaticn and

S~ ewr i e ss  s u p p o r t  the  G a m m a  d i s tr i b u t ion .  The çu a n t i l e s
suppo rt Either an Exponential cr Gamma distribution.

42

- - ~~~~~~~~~-—~~~~ - -- -~~~~~~~~ - - -  -



__________________________________ -- --=-~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ------ —-- 
- ,

~-~ l.uu!u.PuP.uuI~~

TABLE XII — £ISTRIBUTICN STATISTICS — NI G HT I R I A L S —

Param eter AV E1~N ESD GMN GSE

Mean 63.00 63.01 6.212 40.20 3.562

Std D cv 60 .19  62.12 8.731 37 .92  5 .153

Cceff Vat 0.985 0.585 0.095 0.944 0.CSC

Range 302.3 3 2 C . 5  75.53 194.2  4 4 . 5 5

Skewness 1.490 1.767 0.534 1.698 0.5C7

Kurtosis 2.253 4.C50 3.482 3.652 3.214

50th  Qnt  50.26 44 .23  6 .34b  29 .14  4 . 0 6 9

75th Qnt 86.79 87.81 1C.79 3ó .ll 6.752

90th Qnt 161.0 1 39 . 5  17.35 7.18 11.22

The generated param eters for L~1ap B, shc~~n in T a b l e  XII ,
support the Exponential distribution 02 radial errors for

th i s  m a p .  Tue Standard Deviation and all quantiles suppor t

the Expcnential distributicn . Only tue Coefficiert of

V a r i a t ion  and Skewn ess  s up p o r t  E i t n e r  the  G a m m a  or
E x p o n e n t i a l  d i st r ib u t i cn .  Th e  r esu l t ing  s t pp o r t  f o r  the
Exponential distribution is nct unexpected given  t h e  m e a n
and standard devia-tica relaticnshi p in the actual values.
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VII. CONCLUSIONS

A. T HE E I S I R I B U T I C N  OF R A D I A L  E R R O R S

The simulated g d m m a  a i st r i b u t i o n  p r o v i d e d  the  b e s t  f i t
of the  p a r a m e t e r s  tc the  ra dial e r r o r s .  S ince  t h e

Expcnential distribution is a special case of the Gamma

d i s t r i b u t i o n , it w as  n c t  s u r p r i s i n g  t h a t  t h e  Expcnential

distribution provided good fits to the radial errcrs hhen

CLEC per fcrmed the Chi-Square Gocdness of Fit Test. Map ~,

n i g h t  n a v i g a t i o n  trials, is p r o b ab l y  bes t  a p p r o x i m a t e d  by
the Expccential distribution. For all cth•er ttials and

waps , the errors are best  a p p r o x im a t e d  by t h e  G a m m a
distribution.

B . CO~~~A~ ISC N OF T H E  M A P S  BY Q U A N ~ ILES

Since nc statistical difference ccuid be detected

b e t w e e n  t h e  ‘eans of the  m a p s , a comparison cf the guantiles

was m a d e .  The pu rpc se  Cf t he  f i e l d  exp e r ~.men t ~as to
d e t e r m i n e  e f f e c t i ven e s s  of c *r r e n t  and p r op c s e 2  m a p s , thus
the mean is a useful, but not an overly im~ crtant statistic

to c b se r v e .  The real  goa l w c u ld  seem to be tc f i n d  a m a p

w h i c h  r e s u l t e d  in  t h e  l a rges t  p e r c e n t a g e  of t h e  e r r c r .s
closest to  t i e checkpoint, t he 75tn and 90th Quantiles are

impo rtant Tnerefore , statistics.

1444

- - - - -- - - -~~~~~~~~ - -~~~~~~~~~~ - -~~~~~~~~
- 

~
- - -~~~~~

-
~~~~ ~~~~

- 



- -

~~~~~~~~~~~~~~~~~~

1. 1b~ .i~~ ~~~~~~

h a p  A ’ s real  gu ant i l e s  were  s t a tis t i c a l l y  t € tt e z

t h an  the  c t h €r  t h r e e  maps during the daylight trials and

t € t te r  t h a n  all b~~t N ap D d u r i n g  the  n i g h t  t r i a l s .  Th u s ,
w h e n  M a p  A was used , 75 p e rC e n t  ci t h e  v a l u e s  w e r e

significantly better t h d n  t h e  o th e r  n ap s .

2. Th~ ~~~~

Mc statistical difference exists bet~~een the ~ap s  at
the 90th quartile during the daylight trials. The nig nt

trials produced a difference only in that Nap D was tne

statistically worst map. Based upon this statistic , Pap  D
was  e l i m i n a te d  as the  wor st  a l t er n a t i v e  a m c t g  the  f c u r  map
p r o d u c t s .

C. CONPAHISCN OF THE 1~APS BY AREAS C? h i S  iiC~ S

An alternative method of ranking map . products in~ olves

returning to the X and Y valu€s . 3ecau.~e of the methc~ used

to generate the X and Y vdlues, a coLaacn checkp~~itt was

d e s i g n a te d  a n d  the navi gation errors can te placed cr a

s ingle  ax i s  fo r  each m ap p r c d u c t and t r i a l .  Obse rva t ion  of
there errors on a common plot leads to accther me thcd of

r a n k i n g .  S ince  t ie  gcal of M A P E F t O  III ~as to d e t er m ir .€ t h e
performa nce ci the map products , one measure could be tc

r a n k  t n e  m a p s  b y  t h e  s ize cf the  a r ea s  g e n e r a t e d  by a
percentage of the results. Rem embe ring that positiva and

negative values were available fcr X and Y values , t~~ irwer

percentiles would , in gene ra l , reflect negative valu~~ and

t h e  h i gh e r  percent i les  would  r e f lec t  p os i t i ve  v~~l ’ies.  By
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calcu la tin~ t h e  a b s o l u t e  d i s t a n c e  b~~tweet i  l cw e r  and  h ig h e r
percentiles , a percentage of values wiii fail intc that

abso lu t e  distance.  By doing this  nor  ~oth X and Y v a l ue s
an d  then  mu l t i p l ying the  abso lu te  d~.s tar ce  fo: X by t ne
ab sol u t e  v a lu e s  fo r  Y , an area w h i c h  i n c l u d e s  an
a p p r o x i m a t i o n  to a pe rcen tage  of the  (X , Y )  va lues  in  t h a t
a rea  r e s u l t s.  The size of t h e  area then b e ccwes  an a n a l y s i s
tool to r a n k  the  naps.  An a n a l o g y  ex i s t s  w i t i  the
p ercen t i l e s  g i v e n  in p r e v i o u s  sections ion radial  e r rcr s .
Table XXII provides the results of calculating the areas of

50 — v e r c e n t  (75th  PercentI l e m i n u s  th e 25th P er cen t i l e )  and
80—percen t  (90th P e r c e n t i l e  m i n u s  the  10th Pe r cent i l e )
a reas .  The  f i g u r e s are  in m e tar s  s g u a r s d  a n d  t he  r a n k  is
g iven  w i t h  tne  smal lest  ar e a  b e i n g  r a n k e d  1 and t he  l a rgest
area being ranked 4. Fo r t u n a t e l y ,  d i f f e r e n c e s  did nct  cccur
in the  r a n k i n g s  f cr  SC — p e r c e n t  an d  8 0 — p e r c e n t .  N a p  A r a n k s
fir st  f or  bo t h  day and n i g h t  t r i a ls  as it d id  us ing r a d i a l
er r c ts . - . 
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T A H L S  X I I I  — RANKINGS OF NAP S BY A REAS

DAYLI GHT TRIALS

i~AP 5OPCT 8OPCI R A N K

A 304 1754 1

B 342 6298 - 2

C 407 7735 4

D ~O7 7735 3

N I G H T  T R I A L S

A 70 8 8284 1

B 2365 13640 3

C 1300 9477 2

D 2336 15300 4

The A N O V A  t e c h n iqu e  used by CDEC was  ap p r c p n i a t e  f c r  t h e
d i st r ib u t i c n  of the error data . H o w e v e r , a r a n k i n g  cf tn e
map s during navigational trials was not pcssible . Tircug h

the cther techniques employed , a ranking is possible icr the

n a v i g a t i c o  t r i a l s .  Nap  A , t h e  n ap  c u r r e n t l y  in use , is the
test of the alternatives presented.

E. APPLICATION 0? THE RESULTS

The s am p l e  size f o r  the  M A P P F Q  III e x p e r i m e n t  was  not
large enough to reach a definite conclusicn on the data.

with the date available , the ccnciusicn that the radial

error s experienced d urin g naviga tional trials is Gamm a
d i s t r i b u t e d  is v a l i d .  This knowledge  can be used d u r i n g
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____________
fu ture (and past) field experiments with ~ap products to

perform parametric tcStS cn the estimated param e ters
g e n c -r a t cu  by the ac tua l  d a t a .  The p a r a m e t e r s  for  t h e  G a m m a
d i s t r i b u t i o n  shoul d be calculated as shown tc provid E tne

test results. Use of the Fortran routines supplied will

p ern i t  t h e  s imula t ion  of t h e  d i s tr ihu t i cn  to check  the
a c t u a l  d a t a .  Once  this s imula t ion  is p e r f o r m e d  an d  the
p a r a m e t e r s  meet  the  desired cr i te r ia, p a r a m e t r i c  t est s  can
be performed to evaluate the data.

48

- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ —~~ - -  -~~~~~~- .~~~~~
-- - -

~~~ ~~~~~~~~- - - -~~~~~- - -



p.—,- 
~~~~~~~~~~~~~~~ 

—---
~
-----— --- — -.—-.--- — -- - - - -- - - -  -- -~~------ — --- - -~~~--= - ---- - 

-
~~~~ - -——- -

A PPENDIX A

KRUS KA L — W A L L I ~ TEST DA TA

NOTE: The bellowing tables provide the test data fror the

K n u sk a l— h a l l i s  Test .  Th~ p er c e n t s  g i v e n  are  p r o d u c e d  f r o m
the Cumulative Distribution Function which has values frcw 0

t o 1.00. 
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U A Y L I G H I  1iUALS

~1AP I A P  1~P N A P

A ii C D N A X I MhI

P CT 2CT PCT £CT D I F I E R aN C E

(0,5) 20 15 14 10

(0,10) 35 36 34 4 22 14

(0,15) 42 448 48 40 08

(0 ,20)  53 544 ~6 44 9 07

(0, 25) 61 61 64 53 11

(0 ,30) 67 66 6~ 58 09

(0 , 35) 69 68 67 61 08

(0 ,40) 12 71 68 63 09

(0 ,45) 
- 

‘75 74 -71 66 09

(0,50) 76 77 74 69 08

(0,55) 76 80 78 7 1 09

(0 ,60) 77 80 79 73 07

(0 , 65) 18 82 79 74 08

(0,70) 79 83 80 75 08

(0,75) 82 83 80 76 07

(0 ,30)  86 83 82 77 09

(0 ,85) 8S 85 83 77 12

(0 ,90) 90 85 85 73 12

(C,95) 90 86 86 78 12

(0 , 100) 92 86 88 78 144
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~1 AP M A P  FlA P N A P

A B C C MA X I N U ~1
PCT P CT PCI P CT DIF~ E C t L ~CE

(0 ,105) 92 8~ b~ 78 14

(0,110) 92 86 90 81 11

(0,115) 92 86 90 83 09

(0 , 12 0) 94 89 90 84 10

(0,125) 94 89 90 85 09

(0,130) 94 91 90 ~5 09

(C ,135) 94 92 90 85 09

(0,140) 944 93 90 88 06

(0 , 14 5) 95 93 90 90 05

(0,150) 95 93 90 90 05

(0 , 155) 95 944 90 91 05 -

(0 ,160) 95 94 90 93 05

(0 , 165) 96 944 91 93 05

(0,170) 96 94 91 93 05

(0, 175) 96 94 92 93 04

(0,180) 96 95 9.~ 93 044

(0 , 18 5) 96 96 92 94 04

(0 , 190) 96 9d 92  94 06

(0 , 195) 96 98 9~ 94 05

(0,200) 96 98 93 ~~ 05

( C ,>200) b C  lOG 100 100 00 

-~~~ ~~~~~~~~~~~~~~~~~~~ -- - - -



_ 
—--~~~ - - -  - - - ---- ~~~~~—~~~~~~~~~~~~~~- -~~~~~~~~~~~~~~~~~~--~~~~~~~~~ -

~IGH1 ~RI~~LS

NAP I1AP ~~~
A 3 C D L~1AX INtJ d

PCT PCT PCT PCT DIF~~E h t ~~CE

(0 ,5) 14 08 10 09 06

(0 , 10) 28 20 2~ 244 08

(0 , 15) 34 3~ 30 35 05

(0 , 20) 39 ~ 2 441 39 09

(0 ,2~ ) 46 36 43 41 10

(0 , 30) 48 40 45 4 7  08

(0 ,35) 50 45 44 8 50 05

(C ,40) 57 4-8 446 55 09

(0,45) 60 514 ~9 58 11

(0,50) 60 56 55 64 09

(0 ,55) 64 58 6 5 69 1-1

( C , b O )  67 63 69 73 1~)

(0,65) 70 68 70 75 09

(C ,70) 75 67 73 77 10

(0,75) 77 71 75 77 06

(0,6o) 78 7D 76 80 05

(0,85) 7~ 7o 77 60 04

(C , 90) 82 78 80 60 04

(0 ,95) 82 79 83 81 04

(0 , 100) 844 85 85 81 044
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tIAP ?!AP ~1AP N A~
A B C C ~A X I M U 11

£CT PCI PCI £CT D I F F E R E NCE

(0 ,105) 86 89 89 82 07

(0 , 110) 8 89 89 82 07

(0 , 115) 66 90 89 83 07

( 0 , 120) 8o 90 89 85 05

(0 , 125) Sd 9 1 90 85 06

(0 , 130) 88 ‘ 1  9 1 85 uo

(0 , 1 3 5 )  88 91 91 85 06

(0 , 140) 88 93 91 66 07

(0 , 145) 85 95 92 88 07

(0,150) 5 55 92 88 07

(0 ,155) 90 96 94 88 08

(0 , 160) 91 56 9L ~ 88 08

(0 , 165) 91 98 96 8’~ 09

(0 , 170) 91 96 96 89 09

(0 , 175) 91 98 96 89 09

( C , 180) 91 99 96 89 10

(0 , 185) 92 99 96 90 09

( C , 190) 93 100 97 92 08

(0 , 195) 95 100 97 93 07

(0,200) 96 100 97 93 07

(O ,)200) 100 100 100 100 CO
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A P E EN C IX B

PAEA NE TE~ S GE~ EBAT~ C FO~ THi ~X PONEN TIA1 DISTRIhU’IICN

NOTE: The results given are ~~cm one thousand replicaticns

of 96 E x p c~~ent i al  g~~ne rae~ d ran~ on v a r i a t e s .  All  va lues
excep t  i cr  sk ew n e s s , k u r t o s i s  a n d  c o eff i c i en t  of v a r± a t i o n
ar~ in m e t e r s .  The  s k e w n e s s , ku rt o s is  a n d  c o e ff i c i e n t  of
v ar i a t i on  a r e  dinensicn.less q uan t it i e s .
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~~. RES6 L T S F O Et  OAYL IGHr NAVIGATION

1. n~~~~~ ~eans4 1000 R~~~1i~ a t icns

N A P  A NAP B N A P  C MAP D

44 2 . 23  44 .10  4 7 . 4 0  4 7 . 2 2

Standard Leviation 4.233 44.637 4.938 44.651

Skewness 0.01 7 0.294 0 . 2 3 9  0.035

K ur tosis  0. 13 1 0 .526 0 .3 67  — 0 . 1 6

Ni n i m u m  29 . 13 31.00 3 1 .C 2  3 2 . 4 4 0

M a x i m u m  57.12 65 .47  7 1 . 2 2  5 9 . 2 7

2. Generated Stafl dard Dev i~~tion 4 jQuQ B€ p l i ca t i cn s

?11~P A N A P  B M A P  C M A P  C

N c - a n  41 .9 1 4 4 3 . 7 1  4 6 . 6 7  4 6 . 5 1

Standard Deviation 5.81 44 6.441 6.666 6.537

S k e w n e s s  0 .4 37  0.504 O . 5 ~~ C . 4 2 0

K u r t o s i s  0.36 9 0 .678  0.890 0 . 1 2 0

N i n i m u m  24 .68  27.32 2 8 . 4 4 0  3 0 . C 3

Ma x i m u m  5 4 4 . 0 3  73 .30  7 5 . 9 9  71 .92
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3. ~~~~~~~~ ~~~~~~~~~~ .1Q~Q 
~~~~~~~~~~~~~

M A P A N A P  B N A P  C M A P  D

M e a n  1.82 3 1.809 1 .782  1 . 787

Standard Deviation 0.558 0.572 O .5C6 0.534

Skewness 1.O8~ 1.3 16 1.C63 1.CCL4

Kurtosjs 1.958 2.783 2.210 1.682

N i n i m u r n  0 . 727 0 .632  0 . 7 2 8  0 . 7 1 7

N a ? c i m u m  4 .75 2 44.822 4.334 44.654

4. ~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
!QQ

~~~ ~~~~~~~~~~~~~~~~~~~~~~~

BAP A NAP B iA~ C N A P  D

Me an 4.25 7 4 .237  3 .976  4 4 . 0 5 0

Standard Deviation 3.732 3.94 9 3 .278 3 . 4 4 6 2

S k e w ness 2 .22 0 2.485 2.255 1 .9 € 3

Kurtosis 7.77 1 9.171 8.565 5.7442

M inimum —0.42 —0.81 —0 .442 —0.60

Ma x imu m 32.27 33.03 27.13 2 6 . 82
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£~~ &~~~~~2L~ .iQQ~

M A P  A M A P  b M A P  C N A P  D

M ean  0.99 3 ‘0 .989 0 .5 86 0 .98 5

Sta n d a r d  C~~v i a t i on  0 .10 1  0 .098 0 . 0 9 5  0 . 0 9 5

S ke w n e s s  0 . 62 9  0 .467  0 . 4 4 8 1  0 . 5 4 4 6

Ku :tosis  0. 721 0 .532 0 .3 9 3  1. 132

M i n i m u m  0 .7 5 2 0 .689 0 . 7 1 4 4  0 .73 1

N a i c i a i u m 1.444 4 1 .410 1.345 1 . 4 8 6

6.  Genera ted 5 C th  Quant~~~~ !Q.Q Q ~~~~~~~~

MA P A N A P  B - NA P C M~~E C

25 .55 30.96 33. .44 33.12

St~~n d a r d  D e v i a t i o n  44 .37 6 4 4 . 4 2 0  4 . 9 0 2  4 . 7 5 1

S kew n e s s  0 .2 9 9  C .257  0 . 2 9 1  0 . 3 1 3

K t ~:tosis 0 . 1 0 2  0 .374 0 . C 6 4  0 . 1 72

N i i i w u m  16 .18  16 .07  2 0 . 2 0  2 0 . 5 5

M aA im u w 444.07 47.76 54.09 50.29
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7 .  
~~~~~~~~~~~~~~~~~~~~~ ~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~ .1.~ Q 2 S ~~~~~~~~~~~

M A2 A ~ A P B L - 1A& C M A P  C

M e a n  s 8 .5 o  t 1 . 7 0  6 t . C 3  6 5 . 7 4

Standard Ceviaticu 7 .56 3 7 .9 . 1  ~~~. ~~~~~ 8 .0 6 1

Skewness 0.287 0.312 0.2440 0.196

Kurtcsis 0.308 0.312 O .2C~ 0 . 06 14

M i n i m u m  3 7 .2 1  4 1.j 7  ~~~~3 1 4 2 . 6 0

8 6 . 2 1  93 .81 10 2 . 0  9 4 4 . 5 7

8. G e n er a t e d ~C th  Q~~~n t i l eA ~~~ ~~~~ions

:IAP A M A P  3 N A ~ C M A P  C

Mean 93.20 97.7~4 1C~~.1 104.4

S t a n d a r d  C ev i a t i o n  1 2 . 0 3  13 .28  14 . 0 9  12.99

Sk~~iness 0 . 2 9 1  0 .369 0 . 3 9 2  0 .2 5 5

Ku ~ tosis — 0 . 0 4  — O . ~~9 0 .6 1 6  C . 2 9 0

M i n i m u m  6 1 . 9 7  67.00 6 8 .0 5  6 2 . 4 4 3

Max im um 13 3.7 142.2 181.2 156.0
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~~~~~~~~

~~~~~~~ ~~~~~
M A P  A M A P  B N A P  C M A P  C

M ea n 217 . 2 227 .1  2 4 4 1 . 7  2 3 9 . 9

S t a n d a r d  D e v i a t i o n  53 .66  58 .11  5 7 . 5 4  59 .5 5

S k e w n e s s  1~~O02 1.1 s8 1 .0 6 6  0 .9 74

K ur t o s i s  1.38 44 2 .185  2 .2 1 5  1. 4 62

M inimum 56.69 117.5 120.7 128.5

Maximum 4470.0 518.2 527.7 5444.2
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c. RESCL~ S FOR NIGHT N A V I G A T I C N

1. ~~~~~~~~~~ ~~~~~~~ !Q~Q ~~~~~~~~~~

LLAP A N A P  B M A P  C N A P  D

Mean 46.442 62.98 544.79 63.07

S t a n d a r d  D e v i a t i o n  44 . 65 3 6 .612  5 . 7 0 8  6 . 2 12

Skewness O.o7 1 0.294 0 . 2 3 9  0.035

K ur t o s is  0. 131 0 .526  0 . 3 6 7  — 0 . 1 6

M i n i m u m  3 2 . 0 2  4 4 .2 1  35 .86  4 3 . 2 7

M a x i m u m  62 .77  93.35 8 2 . 3 3  7 9 . 1 5

2. 
~~~~~~~ ~~~~~ fl~~ i

~~ 2 A M A P  B M A P  C N A P  D

M e a n  46.0 6 s2.33 54 . 1 6  6 2 . 1 2

St a n d a r d  D e v i a t i o n  n . 39 1  9.184 7 . 7 C 6  8 .73 1

Ske.~wness 0.437 0.504 0.563 0.420

Kurtosis 0.369 O.67o 0.890 0.120

M i n i m u m  27~ 13 38.96 32.63 4-0.11

M a x i m u m  70 .38  104.5 87 .6 5 9 6 . C 5

-- -
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3. Gen€r~ ted Sk 5w n e s~~ 1000 Re~ iica~~icc~

MAP A MAP B i~iAP C MAP D

M ean 1.82 3 1.809 1 .782  1 .76 7

S t a n d a r d  D e v i a t i o n  0.558 0 .572  O . 5 C 6  Q . 5 3 4 4

S kew n e s s  1.08 6 1.316 1 .0 6 3  1 . 0 C C

K ut t o s i s  1.95 8 2 .783 2 . 2 7 0  1.682

M i n i m u m  0 .72 7 0 .6i2  0 . 7 2 6  0 .717

Maximum 4.752 44.822 ‘4.3~~44 4 . 6 54

4. Genciat Kurtcsi~~ 100Q R~~~~~cAtic~~s

M A P  A N A P  B L~A E C M A P  D

M e a n  4 4 . 2 5 7 4 .2 37  3 . 5 7 6  4 . 0 5 0

Sta ndard  Ce v i a t i o n  3.73 2 3 . 9 4 4 9  3 . 27 8  3 . 4 6 2

S kew n e s s  2 .22 0 2 . 4 8 5  2 . 2 5 9  1. 9 63

Ku r t o s i s  7 .77 1 9 . 1 7 1  8 . 5 6 5  5 . 7 . 4 2

M i n i m u m  — 0 . 4 2  — 0 . 8 1  — C . 4 4 2  — 0 . 5 9

M a x i m u m  32 .27  33.03 2 7 . 1 3  2 6 . 8 2
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5. n~~rate~ coetficient of Var i~~t ion~ 10 0 0

~AP A MA P b N A P  C M A P  D

Mean 0.993 0.98~ 0.969 O . 9~~5

Standard Deviation 0.100 0.098 0.095 0.095

Skewness 0.~ 29 0.L.t.,7 0.4481 0.5446

Kurtosis 0.72 1 0.532 0.393 1.132

M i n i m u m  0 .75 2 C .t ~~9 0 . 7 14 4  0 .73 1

M a x i m u m  1.44 4 1.44 10 1 .345 1 . 4 4 6 6

6. G e e  ted 5 C t h  ~ u a nt i 1e~ 1000 Re~~~ica t ion ,~

- N A P  A M A P  B N A P  C M A E  C

M ean 3 2 . 4 4 8  4 4 4 4 . 1 5  36.442 4 4 4 . 2 3

S t a n d a r d  D e v i a t i o n  4 .810 6 .302 5 . 66 7  6 . 3 4 4 6

Sk~~iness 0 .29 9  C .3 1 0  0 . 2 9 1  0 . 3 1 3

K urtos is  0 . 102 0 .115  0 . 0 8 4 4  O . 1~~2

M i n i m u m  15 .98 20 .05  2 3 . 3 5  27.445

M a x i m u m  4 8 .4 4 4  4 9 . 6 1  6 2 . 53  67.  17 

—
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7. c n e r a t e d  75tt~ ~iantiI~~ 1~ u~ R~ E1ic.3t10n~

N A P  A M A P  B N A P  C M~~P ~

M e a n  6 4 4 . 3 9  87 .98  76 .3 . i  8 7 .6 1

Sta n d a r d  D e v i a t i o n  8.313 11.32 9 . 5 4 2  1 0 .7 9

Skewness 0.287 0.312 0.2440 0.196

Kur tosis O.30d 0.312 0.2C7 0.064

M i n i m u m  4 0 .9 0  5 8 .9 9  4 0 . 60  57 .17

M a x i m u m  9~~.96 13 3.~ 117.5 1 2 6.3

8. G e n e r a d ~Ct~ ~~~~nt i1e~ 1000 ~~~1i~~at io n~

?3 AP A MAP B M A P  C ~ A P C

Mean 102.4 139.4 121.5 139.5

Standard Deviation 13.23 18.93 16.29 17.35

Skewness 0.29 1 0.3o9  0 .3 9 2  0 .2 5 5

Kurtosis —0.044 —0.09 0.616 0.250

Minimum 66.12 95.54 78.67 83.38

M a x i m u m  146. 9 2 0 2 . 7  2 0 9 . 5  208.3
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9. Genetated Ra~~ge 4. ~~~ ~1icat~~~~

A N A P  B M A P  C M A P  C

M e a n  2j ~ . 7  323 .8 379.4 3 2 0 .5

Standard Deviation 5~~.98 82.65 66.41 79.53

S k e w n e s s  1.30 2 1.168 1.066 0 . 97 4

Kurtosis 1.334 2~~185 2.215 1.462

M i n i m u m  lC a . . 5 167.6 139 .6  1 7 1 .6

M axim um 516. 6 738.9 610.0 726.8
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A P P E N D I X  C

L~ARAM ETERS GENERA TED FOR THE GA MMA £1S~ R I B U T I O Z~

N O I~~: ~~e iesults givez~ are from one thousand replica tions

of 96 Ga~~ira gen erated random variates. All values exce;t

fc~ skewness , kurtcsis and co~~f f ~ c~ ent of varia tion are in

meter s .  The  s k e w n e s s , kur tosis and coefficient of variati on

a re  d i m e r ~sicnless çuantities.
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A. RE SULTS ~Oz~ DAYL 1Gi~T L A V I G A T I~~

1. ~~~~~~~ i.~~~~~~L !QQQ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

MAP A ?I .P B N~~P C M A P  C

Mean 4L8 7 44.16 447.445 47.23

Standard Devi a tion u.523 6.470 o.l14 6 6.361

Sk evness  0.25 1 ( .14 60  0 . 16 3  0 .3 50

Kurtosis 0.035 0.382 0.116 0.253

M i n i m u m  2 3 . 1 3  26.65 28.52 28.24

Ma x i m u m  6 1 . 3 6  7C. 18  6 9 . 4 4 3  6 9 . €4

2. Ge~~~~~~~~~ S ta n d ~~~~ !~~~~~ 2jLL ~Q~ Q ~~~~~~~~~~
MA P it ?~àP ~ MA P C NA P C

Mea n 62.29 63 .~~7 55.53 59.35

Standard C~~viation 
1 2 .23 12.24 10.26 10.16

Skewness 0.4452 0.657 0.556 0.5C44

Kurtosis 0.176 C.844 0.7C3 C.556

M i n i m u m  2 7 . 92  33. 46 3 5 .3 3  34.~~2

M3x im um 1C7. 2 117.2 107.6 104.7
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3. 
~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~ 1~LQQ ~~~~~~~

M A P  B M A P  C M A P  C

M e a n  ~ .o3 2 2.579 2.218

St a n d a r a  D e v i a t i o n  0.78 2 0 .8 0 6  0 . 6 1 5  0 .6 5 6

S k e w ne s ~ v . 1 5 6  1.374 1. 116  1 .017

K u r to s is  2.009 2 .3~~c 1 .6 5 5  1.5~~3

1.170 0.983 0.876 1.012

Max iui um o.426 6.3444 44 .833 5.6C8

• 4 .  G E n E  rated Ku r t c s i s~ 1000 Fe~ 1ic~ tio~~s

A - M A P  ~ M A E  C M.’.P C

M e a n  8.72 7 8.E3~ 6 . 1 0 €

Standard Deviation 6.740 6.9~ 8 4.7447 5 . 3 2 7

S k e w n e ~~ 2 . 1 1 2  2 . 1 5 6  4 . 1 15  1 . 92 0

Kur t o s is  5 . 99 4  5.621 6.16.3 5.2S~

Min im um 0.379 —0.26 —0.42 —O. C5

M a x i m u m  50 . 22  4 4 9 . 3 8  3 3 . 2 5  3 5 .62  

- - -
- - • ~~~~ 1~~~ . ~~~~~~~~~~~~~~~~~~~~~~~~~ • •• • .-~~~~~___  -
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~~~~~~~ ~~~~ çien~ ~~~.&.

M A P  A MAP 6 MAP C MA P C

Me a n 1.4d 8 1 .4 4 4 4b  1.262 1.256

Standard reviation 0.175 0.178 O .1~~9 0 .131

Skewness 0.5944 0.8Ji 0..~07 0. 4 17

Kurtosis 0.590 1.060  ~~~~~~

M i n i m u m  1.0b 4 1.0 7 2  c. c3 5 0 . 8 . - i

M a x i m u m ~~.139 ~~~~~ 1.~~E 4

6. G e n a d  3C~~ Q~~~flt~~~E L 1000 R 1 ~ c~ tioLs

N A P  A N A P  B ~1A P C N A P  C

M e a n  17 .24  15. 12 2 5 . 4 2  2 5 . 6 7

Standard Deviation 44.432 4.795 5.153 5.155

S k E W U€ S 5  0.718 0 .576 0 . 3 5 5

K urtos is  0 .aB O 0 .4 67  0 . C C 1  0 .5 5 5

Mini m um 7.65o 7.835 12.60 11.78

Maxi m um 39.58 3b.74 45.44C “6.87
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7. 
~~~~~~~~ ~~~~~ ~~~~~~~~~.2J~~~L .1Q.QQ ~~~~~ i2r~

M A P  A M A P  B N A P  C M A P  C

M e a n  5 4 4 . 2 3  5 8 . 0 9  64 . 7 6  6 1 4 . 5 4

S t a n d a r d  D e v i a t i o n  10 .98  1 0 . 9 9  10 .18  1 0 .6 6

Skewness 0.56 7 0.500 0.157 0.4463

Kurtosis 0.499 0.337 — 0.12 0.4466

Mini m um 29.66 29.46 344.73 3 7 .2

Maxi m um 100. 6 98.50 94.~~1 109.5

8 .  G~~n e t ~~ted  
~~~ Q u a nt ~~ L ~~.QQ.Q ~~~~~~~~~~~~~~

NAP A MAP E M A P C M A P  C

Me an 110. 7 115.5 118.4 116.7

Standard C3viation 21.444 20 .86  19.54  1 9 . 6 0

Skewness 0.35 6 0.555 0.44844 0.439

K u r to s i s  0.56 1 0 .457  0 . 59 8  0 .5 7 4

M inimum 54.49 67.09 66.96 66.83

M axim um 184.6 208.7 200.1 192.8
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9. Qen€~~~ted BA~~~~~~~
E

L !QQ
~~~ ~~~~~~~~~~

A M A P  8 M A P  C M A P  C

Mean 347.7 357.7 315.2 318.44

Standard Deviation 109. 2 116.5 87.96 86.99

5icehness 1.1 1.306 1 .11C 1 .C21

Ku r t o s i s  2 . 2 3 3  2 .6 82  1.831 1.797

M i n i m u m  122. 4 139.7 153 .2  148 .7

Ma x i m u m  906. 6 948.3 7 32 . 1  8 2 1 . 4 4
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t. RESCLIS ~~~ N I G H T  t I A V I GA I I C N

1. tjen€La~~~ Mean ~~ 1000 Re~~~ic~~t icns

M~ P A MAP b AP c NA P C

Mean 46.33 62.97 55.15

Standard teviaticn 5.544 7.138 7.427 3 .9 2 2

Sk~~~ness 0.1644 0.201 0.219 0.159

Kurtosis 0.029 —0 .02 0.128 —C .C2

Nininuni i~~.18 42.92 34.440 28.446

Maxi m um 6s.54 89.2a+ 844.52 52.51

2. G~~n € m a ~~~d S~~a n da r d  ~~~~~~~~~~~~ J..Q0~ 2 iiçat~~c~~s

M AP A N A P  B M A P  C N A P  C

Mean 5~~.65 68.62 73.90 37.92

Stan dard Deviation 1C.18 10.47 13 .044 5.153

Ske~ ness 0.555 0.4499 0.641 3.420

Kurtcsis 0.~ 62 0.307 0.61 1 0.229

Mini m um 36.17 442.32 40.87 25.t4

M aximum 111 .8 1C6.3 127.4 57.79

71

~ 

-- - --
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

- - - - --— •. • .•~~~~~•~•-• • • - ~~~~~•••--• • • - • - .
••



3. ~~ A a te d  ~ k~~w n e~~~~ 100 Q ~~~ic~~t icz s

M A P  A M A P  B M A E  C M A E  C

M e a n  2.32 2 1.979 2 .352 1.658

S t a n d a r d  D e v i a t i o n  0 .~ 69 0 .627  0 . 6 9 5  O . 5 C 7

Ske wness  1.23 5 1 . 4 4 d b  1.275  1. 0 C 4

Kurtosis 2.024 3.485 2.7C8 1.772

M in imum 1.071 0.8b7 0.944~ 0.6C6

5 .446 5 5 .201 6 .6 11  4 . 12 7

4. ted  Ku r t c s s~ 100 0 R e p l ica t i cu~

MA P ~
. i~AP 8 M A E  C M A P  C

Mean e.~ 5Ci 5.074 6.532 3.652

Standar d Deviation 5.530 4.829 5.570 3.2144

Ske wness  2 . 11 5 2 .6 7u  2 .2 7 3  2 . 1 3 8

Kurtosis e.707 10...44 8.1C~ 7.1L~6

Minimum 0.097 —0 .20 —.0.13

M a x i m u m  3 7 .644  3 6 . 2 4 4  5 2 . i ~ 25 . 6 5
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5. ~~rat~ d C o e f f i c i e n t  ~ ~~~~~~~~~ .jQ~~

~1 AP A M A E B M A P  C M A P  C

M e a n  1.28 7 1.088 1 . 3 4 0  0 . 9 4 4 4 4

Standard Deviation 0.1441 0.114 0.151 0.CS0

Sk ewness  0.58 1 0 .672  0 .6 6 7  0 . 4 3 4

Kurtosjs 0.304 1.040 1.055 0.554

M i n i m u m  0 .94 2 0 .814  0.9 11 5 0 .72 8

Maxi m um 1.843 1.598 2.063 1.328

6.  GeneLa ted 5 Cth QuantileL 1000 ~e~ 1ic~ tions

MAP A B NAP C - M A P  D

Mean 244.50 40.62 2 7 . C 1  2 9 . 1 4

Stanlard Deviation 4.929 6.758 5.950 4.069

Sicewness 0.5444 0.296 0 . 1 1 L 49 0 . 2 5 9

K u r t o s i s  1.0 10 0 .233 0 .2 2 0  0 . 1 C 2

Minimum 11 .9b 19.01 10.51 18.C9

M a x i m u m  50 .31 6 2 . 7 4  4 9 .9 5 -  42 .18
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7. Q±~~~~~~ 2~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~ 
1QQ

~~~ 2~~~~~~~~~~~ 2~~~~

~ A P  A N A P  B N A P  C N A P  C

M e a n  62.78 87.77 7 4 . 2 6  56.11

Standard Deviation 10.37 12.12 12.76 6.752

S k e w n e s s  0 .41 3 0 .188 0 . 2 1 1 4 4  0 . 2 C 7

Kurtosis 0.280 —0.16 —0.15 0.023

M i n i m u m  36.81 52.85 38.5 44 3 5 . 1 6

Maxi m um 1 10$7 126.9 113.9 8C.57 j

8. ~~~~~~~~~~ 2.Q ~~~~~~ ~~~~~~~~~~~~~~~~~~~~

M A P  A M A P  B M A P  C M A P D

Mean 115. 6 145.9 1441.0 87.18

Standard Deviati On 16.63 21 .03  244.61 11.22

Skewness 0.303 0.429 0.435 0.326

Kurtosis 0.07 1 0.335 0.1463 0.369

Minimum 6c .04 90.24 8C.56

L 1 a x i m u~ 153. 6 234 .3  2 4 6 . 6  1 2 6 . 1
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___ - -  ~~~~~~~~~~~~~~~~~~~~~~~~

9. 
~~~~~ ~~~~~~~~~~~ .LQ.Q ~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~

MA P A MA P B M A P  C N A P  C

Mean 322.2 360.4 397.6 1944.2

Standard Deviation 92.13 96.13 117.6 414.55

S k e wn e s s  1.28 8 1.278 1 .316  0 .89 5

K u r t os i s  2 . 9 1 0  2 .937 2 . 7 2 8  1 . 0 4 4 7

M i n i n u m  153. 5 185.9 1 90 . 2  95.CL4

Ma x i m u m  798.5  889.9 10 59 .1  3 9 6 . 9
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