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ABSIRALT

Accuracy improvesent by usse of multi-control variate method MOV

}oamong oiher Moote Carlo sethods iz presented.

The iNCV) methed ic particularly applicasble in close-range photogrammetry as the accuracy of cosputed three
dimensional coordinates of any detail puint can be improved by the sisulianecws coaperison and consideration of
& =gt of all avallsble object space contrel poinl coordinates.

§. INTRODUCTION

Monte Carle technigues are often used in  many
scieptific and oiber disciplines and an isportant
part of thiz effort is directed towsrds varisnce
reduction im systems analyses,  The applizahility of
some of these iechripues to the normsl case of

terrestrial and close-range pholograsselry has hees
identified, developed and partly desonsirated in
iNagaraia 1994,92},  Though at first =ight it might

seen that saspling procedures only apply in case of
sigulation  studies, ‘further reflection  should
indicate that conceptually and practically, it should
be possible to incorporate these idess in reduction
of variance while desling with practical data.
Homever, this paper desls with & case study inwelving
sope dala sets ohiained by simulation only, vet
clesely conforming to actual data. It was net
poesible to use e or field date in this study,

The subjert of varissce reduction has received,
putside photograssetry, considerable aitention and &
nupber of sethods have bees developed. Hence, there
are & few technigues that help to incresse asccurscy

ant hence efficiency of  sisulations,  sometises
substantially, by  producing  less »iriakle
oheervations, Areordingly, there iz & need {o study

such sethoeds and possikilities,

Applications  of  =sigulstion are net  new  in
photograametry bt new applications  are stild
possible,  Varisnce reduction techniques seeh either

increase ip precision fdecreased variance) for a
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fined ceaple sive o derresse  in  sample size
reguired to oblain a given degree of precision,
Seweral euthors heve caulioned ue in using these
techniques without first ensuring their applicability
and  effectivensss, i properly  used, these
technigues cap  provide iresendoes  increase in the
pfficiency of the aodel; however, iF the intuition is
faulty and the analyst does nod use & reasonshle
design, the technioue cen alse be guite uspredictable
ang  perbaps  atiually  ingrease veriante for  soee
technrigues, Herawse of ihis charscieristic resson, a
syetematic and thoroush study of the selected sethod
ic both desirable end essential in adepling it for
any specific applicetion in photogrsaseiry,

&

The sulti-rontrel  verisbles techniove spplies very
well when there i: & close repetition o near
equivalent to the process we are wsing in sisuisting
that can be tresied theoretically, Thus, in the
norwel  case of clpse-range photograsmetry,  just as
slep in serial photograseetry, we heve an eguivalence
between cosputstion of three disensional coordinsies
of & son-comtrol ohjec! cpace point end thet of &
giver or xpows comtrol  ohiert space point.  ¥e can
then sisulate the lesst arcursie Y-coordinatez fsay,
when it is known thet the Y-roordimate aniz and
cemers ssis are parsbiell of & selected ohject
space point and thet of the hnows controd point
simultanesusly, using case randos nusber ctreass in
both cosputations.  The difference in the known and
computed coordinste of the rondrol ohject space

print 5 indeed ap estimete of  the correction thet
tap e cowveniently applied  to the  coaputed
coordinate of ihe selected non-tmpirol ohject  space

&
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point. This procedure will therefore ot owt the
variance due  to coemon  paremelers, mainly  the
unceapenseted cystematic errors in the two processes,
ieaving only the cosponent due to the error of the
approvisation in the varience. ftvippely, this
should be of 3 lower order of segnifude. In
photograsmetry, es fontrel  point inforsstion is
useally available and as itc sccurecy is generally
higher, it ran be wsed a2 & coptrol wariste. This
sage ides cap be further extended ic other inown
contrel pointe alsp, thus giving rise io the roacept
of & multi-costrol warishle (MO} technigue, #n
stteapt is made ip present this extended applicstion
inte the popular sres of rlose-range pholograsmetry
in this paper,

Z. THE MIE TI-CONTREBL VARIATE (NCV) HETHOD

The ides of & cimgle-comtrol veriable Moste Carlc
technigue for reduction of weriation of ohservations,
whith thereby increases the precision  of the
estimete, can be readily entended to & sultiple
control varistes technique, The basic cosputationsl
copcept  to be uced in thic asltiple case iz esplained
in & nutshell ip fHshayashi, 1984}, Following this
copcept, we proceed to define @ new randop wariable
78

Yif}

1iR) ki fd3 4Ry -ELNE D,

T DY
coa 2o dh

R: randos nusber frog the siress used.

1¢ § denotee the covariance astris of

Y= Dt Y o I8 O odencles the  croes
covariance vector between ¥ and ¥
Bii=Covldd 333, 1,3 = §,2,..,k S V3
and © = EovlY,¥i 1, 1= §,2,..,0 b
then the optimsl valve 8o for B = Ihi,h2,... Bk i=
Be =L & -4 LA 8

whith leads 1o

Yarf¥d - L8 -1 0T = VarlYI{{-R2¥N)

-4
PR YIS

Var{ll =

Bhere AYY ie the asultiple correlation roeféicient
between ¥ and ¥, The sgquere of the correletion
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railed  ihe coefficient  of
determinstion, @5 it represests the fraction of the
total wariation of Y explained by varistion of ¥,
Here, as EII=ELY, computed welue of I is used for
¥, Ihe ides bebind ithe multiple-centrol  wariste
variance reduction is similar o regression analysis
fepecisl rase of emalysic of covariancel,  However,
in the regressios  enelysis we wswelly wish o
ipvestigate the power  of st of predictive
wariables ¥ in esplsining the waristion of & responce
varigble Y, wheress ip varispre redwction by the
sulti-control  weriste  sethod, we  ewsluste  the
additionsl reduction in the verisnce against  the
additionsl computetion inwalwed, We should bear in
wind that it iz poesible to achieve asny  desived
reduction of wartsmce by using the mean of 2
sufficiently long sisslation rum, i.e., we cowld use
the arithsetic sesn in place of esch cheerwation.
The M0V method has been sucressfully  aspplied in
studying the gueseing systes in ingusirisl operstions
research, Aeferring to Graver, iNchayeshi, (98N
reports  that selti-costrod weriste sethed fthree
controd waristes onlyl  cets the wariance to sbout 8%
fthat is by a factor of 105 of the indtial valuve,
It ic interesting to note thet the expected value of
7 and Y would still be ihe same when the negative
value befowre the sumsetion in eg 2.1 ic changed to
positive sign, Thiz fact hes been wsed to modify

coefficient iz often

B

gg. 2.4 a5 foilowss
TRy = YERY - BROND ARX-EENDY fpr b30Q L. 40L 61
TRy = YERY € BR{YE RI-ELN3Y for BiM L., 40.8k)

3. A SINULATION EYPERINENT BASED 8K THE NORMAL CASE

In order to evaluate the otestislities of the HDY
technigue, it iz necessary to set up 3 frasework for
the sisulation study,  Thiz aspect is covered in thics
section, In preparing & date cet, the frue ohject
space cotrdinates were sscused and the corresponding

photo coordinetes s the 1eft and right phoetographs
were calculsted.  The celculated phodo coordineies
contors te the 'norsel cese ' in terresirial  and

close-range photogressetry.  Aorordingly, the eéfect
wb the tilts and rotstions iz pol included in the
study  and  hence it results  in ceriain
approntmation,  Ghvicusly, the advenlege gained is
the sisplicity of the sodel., Using three ditfferent
representative objert to casers dislances, three dats
spte were set ug,

8
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fn effort wac sade to creste the dates sets in such a
way that they approsch closely or  imitate gquite
nesrly the corresponding practical / live data.  The
true ohiect space coordinates were perturbed using
appropriste ctendard errorc while acssusing the ususl
norgal distribution, &30 other input data were also
mcdified andfor perturked as pecessary, The hasic
informetion uced in simslating the date sets ic  chown
in table t.  The MOV Y-coordinates, used in deriving
the corrections io cosputed Y-coordinates of  non-
contrel peints, were periurbed for incorporating the
randos errors thet are charscteristic of practicasl
data,

The megritude of the ctandard error used is  tabulated
ip ites 4. The 'Field Base' used in computing the
photographic coordinates were perturbed using walues
of ctandard errors given against ites § in the table.
he  regards photograephic coordinates, three major
spurces of  systemetic errorer the error in the
interior orientation paremeters, the error due io
tile deforsations, and error due to lens distoriions,
were concidered,  The corresponding mean values and
standard errors are ingdiceted in itess §,2,and 4,
Using these, two values were cisuleted for esch one
of the poraseters & the first one was used to
incorporate the source of error, while the second one
wes ueed to counteract its effect, Bo, it ic eazy to
see  that the resulting photographic coordinates
reflect  the presente of  uncospenceled residusl
systematic error effects, which is o characteristic
ot o practicsl/ live data, The eouations  used in
copsideration of the radial &nd tengential lens
gictortions as recoswended and used by IMerchant,
{972} and licted below. The data sets were used with

¥ MOV control pointe, eauslly gistributed, in all the
three planes,
gur = n NG 72 + KD rd ¢ KT rb ) oo b b}
dyr = 9 (K r2 ¢ K2 rd € KD rb ) S S
git = D PE I r2 ¢ 202 ) ¢ P2 a vl & FRrd ¢ L3

P 04
dyt = D 2P w oy € P2 4 ¢2 ¢ 2R M L+ PR T 400

P 3

where, the subscripis ¢ oapd t refer i radial and
tangential distortion effects respertively. Finally,
the photoceordinates  were perturbed  for rendos

meatur pRent errore wsing indicated standard errors,
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The dats were anclveed on ey BN cospatible PL.

4, ANALYSES OF RESHLYS

The results  cbtained by processing the werimss data
spts discussed in sertion 2 wre cusmerized end
presented in table fe slready stated, three dats
sets were sisnlated and anslysed,  For each dats cet,
three tases T3, Tk and Jo with different cample sizes
af 35, 7 snd 3 were choeen, the firet cace being 3
reprecentation of  the theoreticsl and the last
one reprecentative of  the typicsl pragc LEEEE
industrial rhotogramsetry,  The comparison  between
the entries in itess ! and 2 gives the laprovesest in
guelity whith cap be directly stiriboted to the NIV
sethod, This isprovesent  enpreseed- in pErient iz
averaged and shown  ageinst iles 7. & cosperisom of
the eptries sgainst ilesc and § indicates the
ispprovesent in bias, fhic apain iz enpressed et
percestsge and then chows ss endrisc egeinst ites 8,
biae reduction. Finslly, 8 cosperison of entries
speinst itess 0 oand 5 indireles  the fmprovesent  in
the standard errer. This isprovesent is against
relenlated sc 5 peroeniage and chown as eslries  agals
ites 7. Thus, & seamary of the isprovements geined by
the use of the BEY method cam be eesily resd by
foohing st the estries ageinst itess 7,8 and %,
frcordingly, it s essy to cee that isproveseniz of
the order of 805 te FUL are generslly srhieved,
Howewer, it ic te be neted  thet ¥ MOV control points
gistributed in the threr plenes, were used in
achieving the ctated isprovesest.

2.

in

T
o

:
-]

5. CONCLUBIONS

The conclusione are susperioes ss follows.

f. The HOW technigue is eesily sdepleble to the case

ot rlose-range pholooreameiry.

2. The redurtions in AMS, Biss and Yerisnie ere
spbstantial ang hence worth the trouble,

HETY

-

it
invert the

3. For the practical reslisatd
exsential  for amyome to be

Yarisnce sairiy 8.

on of the sethegd,

is shie to
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“TABLE 1: INPORTANT NEAN VALUES AND STANDARD ERRORS USED IN THE SINULATION STUDY 1 Unit : ss ),

Ko Para. Mean val.Std.err. Ho Pars. Bean wal., Std.err.

{ Geos o g.8 0.8:% % lems Y -0.720-0& 4, 17007

{sa) yo i 407 Dist k2 0L 4&7d-10 4,130-18
¢ M0 L0 i3 -0, 168-14 0,398~

pi -0LE78-05 4.13D-0
: p2 -0, 420-4% 4, 14D-04
1 Fils 1.0 0,000

def. ay .00 0,000

I HCY DY 9 points LG 5 Base BY 120040 .4

Yi-¥a B2 sym.plac S0 dist DI 600,00 &.4
risk, B3 ed in J¥ 2.0 iB,8m} B3 4BO. 00 .4

iwm)  in obi.spa,

Notes: Formal size = F0udlma.different scale factors aw,ay used ip » &Y directions oo left & right pholos,
Error free ideal coprdinstes are ueed for  obj, spa. coordinates o enable evalustion of representstive gquality
improvesent that could be enpected in practice.  BI,DI,BY refer to different data sele used in the
investigations. :

Brvariakle, ¢=04, 088, Jo=Yo=lo=(.{

S.E.: B#=0L0! mu, Sn=8y=8x =By '=0.005 sn

No. Caseksamp.size 25:585=34 252 88=7 2c3B88=3
Particulars, 25 BRSO R < T S O 4 T N i
{ R¥S wicuse of Bt 2.7 3
HCY parameters B2 20, 2
1. T KO § PO

2RME WS useof B OLLE LT LY LT LA LT LY LI LM
NCY parameters B2 19, {7, 4. 25 23, M. 32, 0% I,
7.8 54 49 87 4213

inm) Bl 8.6 4.9 &0
3 Rias wiouse of B 2.0 2.0 L3 47 L7 3.8 L7 4
HEY paremeters D2 14, $6. f6. 2% M. 22, I8, 18, 3L
11y B8k 8.8 %5 i 1L is M

1Lontinued!

402
International Archives of Photogrammetry and Remote Sensing. Vol. XXX!, Part B5. Vienna 1996



Ho. Caceksamp.sine 283583=34 2bi53=7 2e385=3
Particulars, By P2 P PY B2 PR OPL P2 PR

4 Hias w/use of B L3 L3 L3 LT LI LI LS OL2LS
HCY paraseters D2 40, 10, 14, 14, 14, 13, 24, 22, 20,
fam) 3 4.8 4.7 4.7 BE 4.8 4% A4 0527

T EE wiouseof B LS 2,7 L4 L8 2
NCY parameters B2 10, 12, $4. 13,
ing) B 6.6 7.4 14, 82

& 5.E wiauseof B 4h 0.2 L3 4B 43 L& LB 42 LA
HCY paraseters D2 15, 13, ff, 1B, 16, M4, 12, ML R0

i) PYOLE L4 AT 47 LT 44 NE B s

7 RME reduction % Bt fverages 33 ¥ &9
B2 fverage: |8 19 23

I Averaga: ¥ &3 74

B Biae reduction D! Average: 38 oy £}
2 Aversge: b 37 2

BI fwverage: 44 83 74

% 5. reduction B! Average 7! it #
B2 Averape: -0 -{th ~{ih

I Averagesid 3 EE

Rotess D4,B2,03 refer to data sets used in dats processing, Object distances to fromt 1PL), aiddle 4P2)
rear (P} planes for the three dats sets sre as follows: Bis T840, 9840, S840 as,  BR:2R000, J12R0,3T500 sa.
B3 16320, 19504, 23504 mm.  Progras neses @ NOVZALFOR & HOVW2AP.FOR. 55 = seaple sive. Unitsiss
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5. RECOMBENDATIONS

The recossendations could be susmariced as follows,

f. M is pecessary iz tarry owut  ferther studies
using the extended sodel that includes fiiis and
rotations,

3. & prectical/live dats spalyses iz reguired o
further validate the worksbility of the sethod,

kS The cospuier procecsing of dats needs  to be
optimized.
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