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ABSTRACT

Relative orientation is one of the three steyps recuired
to orient a stereoscope plotting imstrument in order to obtain
a true stereo model. The first of these steps is inte ‘ior
orientation followed by relative orientation and then absolute
orientation. In aerotriangulation and plotting methods if the
models are not parallax-free (possible only when relative
orientation has 'een completed), the absolute crientation

that follows will be greatly affected,

The main objective of this thesis is to inveatisate the
accuracy of the numerical relative orientation on the Vild-A7
autograph in the photogrammetry laboratory of the Department
of Land Surveying, Faculty of Engineering, Ahmadu Bello

Univorsity, Zaria.

Pive arientation points may e sufficient for the
reclative orientation of a model to obtain a parallax-‘ree
model, An increase in points is imperative for an adju-tment

requiring reduction otscrvations.

Accuracy analysis is based on the distribution and the
density of points in the model far relative oricntation
procedures, In the case of density, points are increcased from
8ix to nine to twelve then to fifteen, The effcct on the
accuracy of the determination of the correction to cach
element of relative orientation is examined. In the case of
distribution, five describable positions or locations in the
model were used ard the cffects on the accuracy of the

dotermination of the correction to each element of relative
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orientation arc cxaminad, The accuraey of thoe dotormination

is based on the standard crror of measurement.

Therefore the methed of adjustment adapted in the
lgast squarcs routine. A least square programiec develonod by
Bammcke of the Department of Land Surveying, Ahmadu iollo
University, Zaria, for the Hewlett Packard Caleulator (HP
98304) nunmber 1303402077 available in the photograrmotry laboratery

wag uscd.

In a1l the procedures and measurcment, verticsl or ntar
vertical photographs with fairly flat terrain were assumoed,
The mathomatical model used is from first principleg as
doveloped by Hallert {1960) and slightly modified to st this
wojcet hased on the peculiabities of the Wild-A7 autograph

in the photogrammetry laboratory.

It iz found that incrcasc in namber of points decs not
nccessarily mean better accurncy and also the locetion of the

points in the medel has a great part to play in tho aeccuracy.
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Y4 BOLS

The following symbols, unless othervico statod

reprecent.the meaning as indicated and a9 uscd ir Lhis :lweasis,

w'

w"

g

-3y

m!l

is the rotation of the left rojectar about the L. is
and also a rotatioral element of relative orietotion

for the left projuctor.

is the rotation of the right wojector zbout the I--xis
wd also a rocational element of relative oricitatics

for the right projector.

iz the rotation of tlie left projector about the .axis
27d also a rotational element of relative orie.tation

for the left projector.

is the rotation of the right projector about the 1wiis
anmd also a rotational element of relative codentation

for the right projector.

is the rotation of the left projector about the - '8
onll also a rotational elemsnt of relative oricntrtio:

for the left projector.

the rotation of the rirht projector about the 7. .is
apd 3180 a rot.tional eloment of relative orientciion

for the right projector,

is the tmnslution of left projcctor along the f=iiis,

is the tramslation of the right projector alony the X-uris,



by

by "

wi

bz

n

n

> 4

xiv
is the translation of the left projector alung ihe
f-axis a d also a translational cleoment of rolitive

orientation for the left precjector.

is Tthe trenslation «f the right projector aleng lLiw
Y—oxis and &lso a translational element of reiutivo

oricntation for the right projector,

iz the translation of the left projector alous the
Z=2xis and 2180 a tremslationzl element of rel:ilive

orientation for the left projzctor,

is the translalion of the left projector alc iz o
Z~axis and also & translational element of rel. tive

orientation for the right projector.

ia the perspoctive cumtre of the left projector amd

assumed as the origin of the model,
is the perspective contre of the right projecter,
iz the focal length or principal distance,

iz the projection distance.
is the overcorrecctio: factor

iz the model hase.

X - coordinate of point i

I - coordincie of poing i
is sumation,

utit voarisnee,

is viriance covariance,

measured at the i ttenweute.
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byd

I

B <

is the reading of the bx I'rob at point i after c

X--wrallax at point i.

is the reading of the by" knob at point i at the

celimiration of y-parallax at i,

;X- and Y- coordinotes of point i
£ 3

reduoad to the origin 0y of the model (

%}: and ¥ cooxdinotes of the origin
01 of the model,

is a small eclange in any quantiy,
is standard error.

i3 weight,

in presidual,

ia roct paan 8squaire error,

neLne traispose of matrix 4 .

-1
(A74) meand inverse of normal m.trix YA,

]

Xin

Yoy

byip

<re the computed corrections to the elements of

rolutive orientation.

is the mean of the Xecoordinates of noint i ncom

a2t the instrument.

‘eaving

ot

i8 the mean of the X-coomdinates of point i mecsvrud

a5t the instrument.

is the mean of by" reuwdings at point i, for i =

Sesersssl, Where n vuries from six to nine ¢ v

o fiteen.

I’ -y

[TRE7: 7]
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fo  IIROACTION
1 Jolinition and Porrose of Relative Uriealaticn.

1,1,1 Definltion: Relative oriertatiocn is #tho deloruintiion
(-ralyticelly «r ir a photugranniiris imstowient) of e
rxodition end tho attitude of aru of a puiv o) ovesrleiing
Jhotozraphs with rospect 'fp the othor photoprepb.b Slon.

1966,

1,147 Furpose of Lglative Or.entation
The prposo of relative crienitation 135 t0 recouscrict as
ncarly &8 pocsiblo the ~erspective comditiong which oxiuiled

.

batw.on p paix of ovorlapping photogaapha o The irstance of
photogrophy, These conditions narc ponerally not known,
Howover relative wvrientation parvecdure i bwoed oa the foot
that cach print on the ground iz the intowsceiion o8 woll am
the  »igip of a poir of correspording rnys onch to 1o

axpn ure station, 2nd mst tosrafere intorucet In the aterec-

rlotling ipstrunont,

Foxr this to loppoi, the piojechae nre wenivilavet! 1y
applring rotatroml and transletiontl oovzpentrs e than whils
okt *ving the inmages on a suitiple nodid ploqwe w77 a4 sub-
sccront prizs of ways ' il sew giraltoncowsly in tho nodel
o119, Tonco all eazveipenlirg lmages e mavle £ solacide

-

ovur the cutire nodol smce . oring a contirame ncdel araen,

iy eondition will cl7 be tiully ensisficl whos welitiva
orfontation e beon cuapleted 32 (o) oith tho v "1 lora
wysten of the Wwhing senom snl wojectu=s ~re s fr

4 Aises,,



2

distorticns, (b) thore is no peonctric distortion intr duccd in
the photosrephic imize durins photographic processes, (c) 1icht
rmys arc tnken to have trevellod in stxadght lines throo~h the

atnosphe e,

Troso eonlitiona (2), (b) and (e) are never in prociicc
trully satisfied nnd thercefore the purpcse of rciative
srientction, for all procticzl purrcues too, i8 to  cricat
the stoercopnirs so that the condition of intersceticn ) be

achicved &3 nearly as possible,

le¢  Literature Review
1+2,1 Mothods of Relative Urientation

The Relative orientation between two overlapping stereo-
pairs of photographs is achieved only when all the corr2sponding
rays from the two mrojectors bearing the photographs intcrascct
simultancously in the model space forming a continuous .lyicee
dimersional model similar geometrieally to the photegrarhed
object, This condition is achicved by the manipulation of the
projeetors by changing the necossary elemcnts of oricntation

to remove y-parellax, Ghosh (1968),
Thera are two types of relative cricntation:

(a) The Indcpendcnt Orientation (otherwisce krow: as
Swing-gwing) - where cloments of both eamo:as are
uscd to romove y-parallax,

(b) The Dependent Oricntation- where the olenents of cne

camere aro uscd to reomove y-perellax while kooping

the other camor: fixaod,



T threo noin groups of roltcive ovientation cwve:

(1)  Tarorical Rolation Oriontations Thin iz ihe
acst sonhistiented of the three groups, wi
perallax cquationr arv 'woed hurcs Pamllax
myasuremonus at tho instrument ame uancd is
the parellux cauntios tu compuic, grefos. Ll
by 2 least-squnores adiugtnent, the diffc.-.. tial
eh.nges to be applied ‘o the imitial (~ppuresinte)
arignts tion elements to obtain o poraliic-frac

mod21l ¢ a atoreopair of photormaphs,

(b) Empirieal Rodotive Oriongation: in this ~youo
the dirferential skangos, say dw' a¥, dit,
aby', Glu', to ce applicd S wd, Y, KU Tkt
rospoetively are obtaipet by the eptieal-.
mocharieal pmocedurag % the iastrmnent, hin
tirorcirevmakas the model prealilas - {yee

immcdiasely. Shosl. (196E)

£ ~ . e - -

.-c) Graphical kerative Cricavation: 'wbe diflecencinl
eninges phtaina® v, T fa e e vred parrallax
equations Tur n pariiculur dinst-uzont's

coordiwige g/ ien, o sieple cioanrt basad ol

pmallax otwerwvations, Yen do~ waels (1900),

Lhporetics.: savimm Poxi’hy and Sisivity

facs Points iteau red

It is malifieinn’ 4o 2iservo y-ramallaces o Dive
rolits io a wodel uc uwi o de’omuine the nsc3siary colue.

tiona Un the five chosen eloments of orientation.
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Tho position of these five points may in principle
be chwoen arbitmrily provided that not more than throo
of these points are mutually collincar, However six points
are wually chosen in the pesivions illustrated Lelow for

the folloving reasons:

3-.' _._..._...-l. - ‘;.4

Fig, 1.1 Standard Points Position

(2) Theoretically, if pwrallax is removed fron {ive
points, there will be ne parallax anywvhere alse
in the model, barring 211 residuaxl prallaces
resulting from otservaticnol crrors, impc fuet
rhotographs, imstruments' cptical ond moecii decl
imperfections, The prooenee of rosidual
pemllaxes ean only e ascertrined and chdclzed
for by an additieml obscrvation at « sixth
peint, Tz then providos f.r the pozsibility
of inere e in aceurmey of rricntation by the

application of an adjustnent,

(h) The parsllax cquation which exprosszoc the
mathematical relationship vetween obsorved

y=mrrmllaxcs and nmovements of the v.rious 2loments



of oricntation provides for 2 system of five
cquetions which are nocessary to compute the
corroctions to these clements, It is a hwsic
mathemitical concept that when solving a sct
of gimultancous cquaticns, the procision of
dotemination of urknowns increcses with
increasing diffceronces between the proporticns
v the coefficients of theve unknowns in the

different equations, Van dor Yeele (1960)

(¢) For 2 gysten of equetions to have & solution,
the deteminunt of the coefficents must not cqual
to zoro, wiich is the value of this detonuii .t
if the proportioms in the twe of the noccoa .xy

nunber of gquations are identical,

Therefore nt loast one of the five neccssary
cqurtions should contein a maximum possible coefficicnt
for vech element and ancther should contain the ninirun

possilide coefficiont for the smc elenont.

The coefficionts of the unkpnowns nrc determined by
the nudcl coordinntos of points at which pirallax obsc.va-
tiopns iwx¢ taken. And in the e8¢ of n flaut tarrain, i
nesdimu and nindoun values of these coefficients nnyr ke
obteined by on gpprovriante choice of tho X= and Y= ¢ cedinstes

in the nodel coordinnte systom, Van der “ele (1960,

It will be oppercpt that thic condition will be
fulfilled if points are chogen in such 2 way that fur waeh

coirdinate X and Y, there are coinbinotions containing ooth o



zero and a mexinurm (and for y 21sc a ninioun) volue
corread. nding with cach such value of the other

coordiaxtae,

T s leads sutometically tc the point position: of
thc gix stonderd peints, Thorcefore peints 1 ond 2 oro
cihcscn 25 the nadir peinte of the phebogreph approzi | toly,
while 3, 4, 5, and 6 arc distributd syrctricrlly on
oppositc sides of 1, 2 tewards the brunduries <f the
nedel inorxder te obtnin the naxinur and nindrun X ond

conﬂinﬂtoa.
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Bufore dealing wi’h the procedures of relative

ericninticn, it in noees Sary t¢ exanine the offucts

Irodued in the nodel smee Ly srall ehnnges in the

cerici Sntion elor wnts, ;
i
AN -
£ e 2 S
= // | i it = - o :
/ [
i
/ B
— S g X

\'b )
Figo T-:'-‘b Effuct of dﬂ!

Fig, 1,2a .ttfuct of dk'
g‘*{‘r T E—
" e the now ;
Position after a
v 7 small incromont | -t :
|
5 |
S SR A S I

Pig., 1,2¢ 4rfoct of dw! Fig. 1.2d EBffect or Aot

9} ' — 'i‘.-—
3 e .y
> m ]":* 7 L
,’ :
' e R
e et
I : t "
| P ————
- ; , af]
- Gy ) ¥~ =S 3}
Pig, 1,24 Ofvoat of dhz’ Fige 1,20 Bffoct of aby!
Moure 1,2 Effects Produccd in the Model Spaec by Srnll

Incresencs in Crienta
Six Standard Points,

tion Elenents Using ko



The rotrbions ove di', dg', dw! and tho
trons lntions apve dhy', dbxt dbz' T the left hapd
proj cters Double cuwbacripts will indieate the ripght
hend rojector.  Bach projector hns 8ix degross of

freedon, Sec table bhelow.

Taile 1.1 Bleronts of Oriontation

Frojectuor Rotational Tranelntional N
Eletionts Blenonts |

i ———

Left dw, agt, ar? | dby!, dbx', diw’
Right dqut 4g  di dby", dbe", dust

Thoe effcets illustrated in figure 1.2 (a) o (L) are

2xplained ag follows:

() Figurc 1.2a shows that rotation dk' produces
no affeet, that is ne y—parallax ot peint I
but las mxinun effects ot points 2, 4 rd G,
Similarly dk will hove ne effeet at point 2
but will produce mncimun y-pornllinx at pointo

1, 3 2nd 5.

{(b) PFlgurc 1.2b shows that d@'produccs no y=p.railex
olong tho bugc line but praduces mrximmn cifoct
vith oppesite signs at points 4 aml 6, Ian liko
ranner 4¢twill produce mexinun y-parallax ot
peiats 3 and b but withk oppesite signe And oo

off'cet along the tose line,

(c) Mrure 1,2c shows that the rototion dw' ol of--

course dw" will heve souwe offuets, A1l the Lodel



pcints wil) show introduetion of scuc
y~parallioxy but the rnugnitvde of the effects
incroases with the ddst-nce froo the base

lim .

J1) Pigure 1.24 shows thait dbx' and consequontls

dhz® hove saae effoets,

Thay inktpe.ien. y=parallex intc the nodel.

(¢) Figaro 1,20 s.wws thet the trnslatioms diy!
and aby" heve saw effeets. They iatr-duce

the siie anount < f yeprralles on 11 he

nodel poinis,

(2) Figure 1,2f illustrntes tha offect produced
by the translation dve' waich produces on
overall change in the seale of the projoetor
1 and hence no parallax is introdueecd ot peint
1 but 211 other points cxporiernce the inturmduc~
tion ~f y-pnrnllax ir linear propiwrtion to
their y—cocrdinate valveo, 4 siniler cficet

controd con point 2 is pedduced by dbe®,

it
Fr 't tho fol"’:gbigﬁ ZJern be secn tiit in vhe ccso

where toe cloneuts f £1c loft hagd prejector =re wnsed to
aeliuve thio relative »rioantation of - nodel wita the right
levdd projoetor fixeds thero arg twe tremslaticns in Zand
Y lircetions and throc rotatiors. The olousnte te e wned
ae 'ty @', k' ' acd oy’, (f the right hend @ jcobor

the
i3 uscdlwith [ loft fized, then w", #" k" bz" and by" oo used,
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Censidering the obscrvations atated in (a) through
(£) ~bowvs, it io now cbvicus hew forbunite the choice of
the six stondarl prints his been, This sctunlly rutuces
the 2+ blen of deteruining o scouence of ncvenents by
whicl: the irnfluwencos «f the difforent clements ot
oricutition or chloweved y-poralilax noy boe distinguished

and sop rmted fron coch cther,

Fron these cworvations (2) to (f)many systorctic
ways con be dovelioped for renoving y-porillax in nny
nodel depending on clenents uscd, an cxanple of

vhich iz shown below using k', »z', @#', w', hy';

Stop 1: Sinco k' is the only clenent which cti
differende
uffoct the / between y-prrallaxcs
at prints 1 apd 2, it 4= pocsiltle to
correct k' by using it tc ke y-pornllizes

at 1 amd 2 cqual, AN thercfore solve k!,

Step 2% Sindlorly nove the olenent bz! until the
y-prrallax at 3 cquals y=par:llax ot 5 bz!

ir 3o0lved,

op 3: Wt nove Q"until y=-parnllaz .t 4 aqunla

y=p-rallax as 6 t. solve @',

Iep 42 Move w' until y-p.rallox at 1 cquals oy i
at 3. Honce w' iz solved (OR. y=porellox
at 2 cquale that u% 43 y—-prmllax ot 2
oquals thet ot 5; v y=parallax ot 2

cquals thet ot 6),
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Step 5: Move by' until y-p rallax ot 11 points

cqual zero by' is solved.

It is on the sequenee above thot the onpirie.l

relrtive sriontotion procadure for wild A7 is beasod,

Deperding on the instrunont in u2e, the type of
work, the eapobilitice «f the cporator as well =8 the tino
hoices
facu ry a nunbor F f are ~t the disyesil of ihe

operctur r= carlior stated,

For oxanplc tho wild A7 hs w', ¢', &', by', '=' for
tho loft projector and ¢", ", k", by", be" £ » the right
projector, whore w', ¢Y, k%, w", #", k" are rotationl
elonents and j P e bv"’-rc. tronsliticnel ¢gloients,

Yhese ten clenents sre oll clercnts «f “rientrticn
and cre 211 incerporated in the differontinl fermuelir
for v.rallnx, Although the chodce of elements is guided
by the "wthod in usc a8 well a0 the irstrunont usad, the
nost inpertant foet r is that nt lowt one clement st
b o nenber of one group such thot <11 the groups ~ro

repeeconted a8 in equetions 23 nnd 24,

Phe rolatiomship tetweon yeparallue (woant of
cnrr:_-.sp(:mluma) cheorvel ot nny arbitrorily chosen point
in the :wvdel 2nd the corrcctions to be =pplicd to the
opricntation clencnts is given by the porcllox fermular
devoloped  for verticnl (or ncor vertienl photographs)

ir. & right hnied coordinttec systen for the wild systos

oty .:f

as followss Hrllert (1960 (RS Vit
NS eRA t ' iy B
N B "“‘
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By = - dby! 4 dby" - —e-dbe +=Sdber + Tt - (X - bk

SHagr v E=Bymage + (15 Yy

- {1+ Yz/ze)zaw" - =~ 221

Thore are ton cloronts of oriontation in the “hove
formulryr, caly five ~f wvhich is required tc produce -
parallazafroe nodels The parallax equ-ticn above voy Lo

vriticn in o ginplor frou 3 follows

Sy o= T(aby' + dby" + bler) X (die? - dx")
-4 (awm' - dba" - W) - XX (af - agt)
z

+(1+ Ye/z"-’}z (2" = Q) = = = o = 23

Lot tie following psucdoclenents repliec the itorsr in

bracket: a3 follows:

@i = (-dby' + dly" + blk")
oB = (dk' = ak")
AC = (dbz' - Coz" - Hag")
abd = (ag* - a¢gn)

AR = (Au' = aw®)

Such thnt cqurticon 23 Loo neo
. <,
Py = &8 + XAB - Y/Zf‘.-.c - ¥A3+ (1 + Y /:_,_;‘.-)4\;3 —— 24

"horcfere the nodel nmay cerntain five pomallaxos (0t
are proporticnnl to £DA4A, X, ""l'/z’ ".%.I and (‘,' 4 ...,\
resyectively. Van dor Yeele (1968),

Iv. oxder tc cobtain a munboer of equetions of the £
of 23, tho location of the peints whore praller wecsurc.
rents are .‘s.rved con be changed, Then uwsing five « f sucl.

oqusticms, the psued clsionta can bhe ar lved for,
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Since therc are five terns only in the quaticn of
24, it in thurefuro nct necesssry to incre~sc tho aunh v
of oqusiiens oxcopt where an ndjustnent is desimd, 1t
is tharef-re safe tr stote that net less than five
elencnba are nooded o ~biein a purallex froe nclel,
Mesewve r the clurents are to be sclucted sueh that -ne ~ud
of cash moap of A A, AB AaC, &bl anl AE
is wsod, [For cxanple, the following olenents tiny Lo
usod for relotive ordontation dik" dk', ay™, Af' dw" Iroa

Ai, AB, At, ADamd AR respectively.

It can bo seon frin the forcgoing thnt a myber
of eccubinttions son be ebtained for the retioval o
y=porallox in o nudel, since at least one olonent £
cach group is t~ be wsed. FHerc payallox will then ho
alinin tud, kwover rosidunl parnllaxes which are a2

. mechanical
res it of optienl anl / faulte of the instruncat

&
ns el s dofeets in the photopraphy due to lons
disc rbine, filo shrink~ge ote, my otill cxist, An
inercusae in tho nu.ber of points usced in clearing y-
wmrallas will provide for the use of tho lowst “quare
care
prigeiple which will tkefof the rasiduil yeprmllox Ly

diatritatine it nll over the nedel cpiee in 1 theorcticnlly

accoptable rinner,

Ir the groups of poucdocleidnte, suo wlenencs
appoeci in aare than cne moup, aking it obvious th L
vhose clonenta enn nly be ued  peo U0r the clindinstion

of a certain type of purallex. Ves der Ueele (1968)
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Fron groups in&o¢ anl A5 Th~ /alioving five

conbinations are possible:

a7 amd agr
dlz! ond &y

Az npl Qgn .
o ool g Fimst sor,

Aom® and A

s T L L

at and age

]
B
e

o following five conbimtions from: 2.4 and < 0

dby o~awl Ak
dby ' and dk'
di:: ond die? Sacond aak;

¢kt ond dk”

dbyt nd dk#

3neh conbinatice fron the Tivet set D2y be eelbined
with :.ny cther conbinition fren the senond sof akiing o
totei of vwonty five conbincticrs. These twnety..five
voss ble corhinttions uay be asscocinted with prther du! o
dw® ranpnE group te preduce o tot2l of Fifty possibhla
cenlimtions, Thovefore thore io o wide cheice o clownis
dopealing on the instruiient and tiw eapnbilitice £ ihe

ope rtor.,

1.2.2 Buzerienl Delative Oricrtnation

o T L

-~

Bocaute of L0 widn 3w’ a” wenbirvion: o7 centenia
Gt oyt 12w wooe 4y cuy 2elative ordentation, Thoae

will e o nmuanber of weviations of thr nuwerical epclitive
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orientation, These variations differ fron one another

8 leng oz the handling of different clonments nnd

diffc ent erneras, the selection of peoints, thoir muthor
a:d their leeati o give difforences in the final resulta,

Chosh (1968),

The nunerical rnicthods of relative crientaticn solve
the reletive orientaition problen in a systemntic woy ol
any residual parallaxes arc distributed over the nodel
apace in nccordance with the prineiple f least squares,
Althazh thore arc peny veriations in the nethods, it is

advischle to use only onc scet of oporations,

It has alrondy boen stated that the rdnirmn number
of points nceessary for o conplete relative crientation
of a nedel is five well loccted points, Hovevor in wador
te irprive the oricntation it has been suzgestod that oither tho
nutber f points bo incrcasod, Chosh (1968), wor the
nunber o obscrvatioms at a point te increnscd,
Fallert (1960), In the fimwt sugzestion, the prineiple

of lc:st squares is roconrmenlcd for wsc for the adjust ent,

Theoretienlly speaking, the inercasod nunber ~fF
points will autormitienlly lead te better precisicn since
the coniputaticn of five urknowns fron say six, ninc, tiwulve
or fifteen obsorvation is an adjustront problonm for wwhich

the lenst squarc principle is cnployed, Ghosh (196€),

Fror the parallax equaticns for the dopendent

nunerical relative oricntation, (using by", MW", kv, £ o

w")an! necasuring parallaxes at the 8ix standerd peints sith
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by" w¢ shall obtain

- Py = -dby"-f-_Y/Zde"q- z(1+ Ye/zz)dw"

- (B5) Yagn - (X - D)ak" et
if the porallax ciscrvntions arc nade at gix peints i» the

nodel, then olserved parnllax ggg_o.nd oxisting parnllix

Pyl ore related by

IR =Py L L ow L0,2

where vi nre the residunls or crrors of obscrvation, #for
the least square prineiple, the cquation will thon leecoud
an c¢hecivation cquation o8

— v = By = anys Y/zman = Geblaena(1+ /e o

- (Ig-b-)rdgﬂ W

This will be writton for oach of the six standaxd peints
anl fron the comcoucnt five nourmal equations obtained,

the soluticn of whick gives dk", 18", dw" diz" and dly",
These vrlues arc obtained in mdinans and nust be multiplicd
by tho appropricte conversion focter to get the rusulia

relating to the rotations in cithor deprcpa or srads,

Procodures according to Ghosh (1968) arc:
Step 1: Ncte tho values of B, b anl 1 in the nudel,

Stop 2¢ Monsure the mrallaxces ny to g with byt
(cr hy"). This rmay be done ot the
instruncnt by the methed of ¢livdntion
of marallax with by' (or by") at cach - int

in the nedel anl noting the readins oneh tine,



17

The averege volue of the by" readings ol
all peints used in the elinimation of
rarallax is then substmcted fren the
individunl by reading at the inlividurl
points, This gives the y-porallnc ot

that point.

Conpute the changes fc the elonents (i.0:

>
(]
=]
\,\

currcctions ), dk", dw", ag", dbz" and
dby", Set the fimnl values (i,0. iniiicl

plus correcticn) in the instrwicnt.

Stop 4: Meosure the residunl parlilixce at the
gix points ngnin with by' (or by") sct
by! (or by") tc the sverage valuc of

these six recdings,

In the independont method of numerical relaftive
orientation say on the wild A7, the folloving elementu
may be used k" k!, ﬁ‘, @" und w" and parallax measurcments
are Ccne With by", The proecaduren are name ud de endont
but the parallax equation differs., The elements 1o Ve

wied dotermire the mature of the applicable equati as,

Ghosi (19683),

1.2,3 Burical Relative Orientation

In the deperdent method, the clemerts of the right
cancra (or left camera) may be wied with the left (ov
vight) camera fixed, If only rotations are used, the

muber of possible combinations will reduce from fifty



18

to two, There are howeve! wAny possibilitics of verying
the scruernce and detail of cmpiriceal proccdurcs, for any
c¢lement / ,.?Bgolved by & rrecedure in any of the
catonorica, thore ary many veciat’ons possible within
cach citegery, and there i3 o freedom of choies o7

sequur3e, Van dor Weele (1960),

lolow is an exauple of the aeperdent rcolative
oricrtation (Empirioa.’-. ) wing the olarcnts of the vight
hand projector onl;- 7hilc the loft projectov is Jeft {itoa
Elor :nts uwsod ar? oy®, L2" k" (Capd wt. A flat toeoadn

is .seumed:
(1) Hove by" or " to mike paraliex at 2 = O
(2) Move k" to mke parallax at 1 = O
(3) YMove 2" to makc parallax at 4 = Q

(4) Cenpute the over correetion facior n for point

2 L

e f-—

rom n = ‘s 2=

6 f n L3 =

whe:e T = focal longth
a'= disten:e of point rran hemc line on the
photograph
(5) Peai Zaitihil w" oall il w"

liove W' to make parallnx at 6 = 0 read w

R it * ]
Set wh = v g = ) S
TTTeTT T Tais brings back

8cic parallas at thies peitit. Yove WY o mke prrallws av
6 =0 Sstwhl = 50a. w,, to irtroduse aome parellyc it

t e POL“t- Aoyer - ") 320  { ndd = i a2 IR J

(q; Mre priaila: at 3 = 0 by noving ﬂ"- RNead y)'-','

(7) Mowra 0% co miro rrallx at 5 = 0 Rcead gy



Set g to gy = #Y + ::

————————

2

This sbovld give n parallix~freoe model theorctiecally,
However, iteretive processces will give n pnmllac-—fren
modcl i praetice, This :bove procedurce can be donu
for tro left camere with richt ecamerm fi:ted by clwnsine
double subscripts to single amd replacins the voints 2,
2, 4, G, 3, 5 with 1, 2, 3, 5, 4, 6, rospoctivyly, Puis
moccdure is fashionod after the oxplamations given in
chaptor 1,2.1¢24 The porallax cquation will coptnin ol¢
olomonts dk®, dgv, dw" dbz", dby" and thcir cociiicionts

only,

A similar sequence enn be developuent for the
irdopendent cmirienl relotive oricntrtion using soy,
dict, dk", dw" dg" nnd 3@ noting 2il the obscrvations in
1,2,1,2, The porallax cquation will contain only tho

lisked cleoments ond their cooficicnts,

In the ensce of the empirical, the clements nre solved
for at the instrumont and sclutior m:y bo by itor:tive
prozesses if residuni prenllaxes oxist. The muieric:l
metiod mikos use of adjustments, ~rd iterative jroceisos
mhy be vmployed whore rosidunl parsllaxcas otill sxist,
This pakes the punericsl mathode ratiher cumbcrsone, Von

dor Jecle (1960),

1.2.4 jecuracy of Relative Orientation

lecuracy estimntion may be determined from the

following mensurcs of wrocision:
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(¢) Moximum crroer
(b) Probable error
(e) aiverige error
(d) Root mean squ.re crror which gives risc to the

atandard devintion or standard crror.

Howeover, it h's buen fournd and accupted thet ol
the theoretieal menn of the square crrors gives tho
furdement:l measure of the preeision of no aupument,

Hirvoncn (1971 ).

Relative orientation is a photgramnctric proccdusc
invclving some measurcoments whosc fccurncy mey be very
vital in plotting and ncrotriangulation methods, 7t'o
aceey depermds to n large cxtont on the following

factors:

(.) The ability of the operstor

(b) The quality of the pestitution instrupent

(¢) The quality of tho photczriphs
(d) The theorctienlly comsidered obscrvationtl

crrom, Mallert (1960),

These are nlso regarded o8 Sources of errors in the
furdamcntal op';mtionajl"fxlﬁ.tivo orientation, srrors doo
to the incxect ~djustment of reletive orientation arc
rogoxded as systomntic crroms, (a), (b) 2nd (e) arc
boyord the “ecpo of this theric, only (d) will be wied fox

the accuracy witimtion,

vhe aceumcey estimntion is thoroforc bnscd on Ll
stand rd crror of the rmersuremont of ench cloment of the

rclotive orientation, Hallert (1960),
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Fo mattor kow carefully the relative oriontation
is pcrformed, there would still oxist residunl parnlloxen
arising from sourcos such as lens distortion, opticcl
and nechenicel inperfeoctions of the restitution
inotruments, systermatic dofornatioms of the plotiing
instrments ag well as inperfeet adjustment of rel tive
oricntrtions The distribution of thesc rosiducl
prrellaxes is of fundanentel inportincc fur the creor
proprgation in gencrml, It follows thot if the relotive
orientation is not ndjusted oxactly a2 syotons.iic ewror
will nrisce The least squares ndjustnent nokes it
possible to corrcet the y-prrallaxoes in the

oriont-tion peints as coripletely as possible,

It wns statcd dnd proved that only five points tre
nct only suitible but nlseo sufficient to carry out the
rel tive oriontution of o medel te cbtain 2 p.rallix-froc
nodal, However since the distribution of the residunl
y=pernllaxes in the oricntetion pointes is by least squ res
netheds, these will thercfore be a nunboer of rodundant
obsorvations which will require an inercasc in the
nunber of points wsed fer y-pernllax owervationz in the
nudel (i,c. nore than five points are uscd ), The ohivet
of tiwe least squore methad is t¢ preduce unigue volucs
for the upknewns, vhich will be of noxinun probability
and indicate theproeision with vhich the unknowns hove

boon detemined. This procision deotemines the ~cowrney

of ~ny norsuronont or procodwwre. Van @or Heele (1960)



Chapter 2 .

L M S/EQUIPHE 0 _PROCEDURES

C——— -

2.1 I terinls @uip_;u._*gta

Thoe following matorials//equipments were wicd for

tris mrojoct:

(z) The input ~ this comgisted of acrial
photographs (film diapositives ~mi juper
prints ),

(b) The Date Acquisdtio» Unit - the wild-iy
autograph number 3268 nvailrnble in the
photogramme try loboratory of the inmd
survey depertment of ahmadu Bello Univoersiily,

Zaria,

{e) The Data Reduction amd Irte Procussing Units

which were:

(i) The Cezio Scientifie Zalculator (ix

3600P -~ for dot~ rcéustion;

(ii) The Hewlett Pack.xd 983004 dusk
calculitor model 30 also aweilible in

the photogrmmctry laboritoery,

2,1,1,The Input:

Theso were supplied by the depnrtment, Thoy <axe
three bluck and white ncrinl photograephs with cxpus. ro
nwiboos T7906-60, T7906-61, 7TH5~62 respuctivelys Wh .o
ware supplied 3 peper prints ! Jiln dinpositives,
They mio up the first @ secerd model: (photogr..h

nurbkers 7790660, 77 06-61 and 7790661 . TTH6-62
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respectively) of tho first strip of skwangn, They werc
obtained with 2 taking camcra of foecnl lunghh 152,67y

ol ot an oxposure time of 8,21 u,m, on 6th Junc, 1777

(sce 2,2, 1,1 for further dotnils),

24142 The dcquisition Unit
The main acquisition unit is the wild-AV avoc axib

mribcr A7-3268,

Doscription of the Wild A7

The ild A7 is = univers:l, versatile, high
precision plotter eapablc of being uscd for acrotri n ulation
as well 28 for plotting details wusing either aerizl orx
terrestrial photogmnhs, Its focal longth rangos
botveen 98mm and 215mm, although it hos only o
Projectore, the pogsession of bese-in and bosc--out
facilitios mikes it copible of necrotriapgulation, whe

mexiium ime o formnt is 23mm x 23on. H:llert (1960,

Lach of the two projcetors has six dogrees 7 ircodom;
tiroc rotations .:nd throo tmmslations (w, #, © and m:,
by, bz respectively) The space rods pess throuszh tho
sinbels loentod ot the perspective contre of the dinpositives
30 th.t inges 2r¢ projceted mechonienlly through the s, occo

rods

The wild A7 catograph urea o prir of half ris
[viz nonsuring n’xﬂcs) 1k al) ather ymiver:el nlotbois,

Theae noesuring nurks or ploiting 22853 - pg plecod op
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cach in the optical prth of cach projeetor butwoen i
diapogivive ~n! the cyepicee, Two hondvhoceda impert Ghe
potion of x and ¥ to these half mars, The 2 — notion iu

inncvted to tho referecmeo maxcs with oo foct dise,

The spatinl coordinter of ny point ir Tho
nedel enn be rend and cocordod ivopuclly by ReaANE of th

X -, ¥-und 2 - counters, nliowt (1960).

The Cooardinnte Systunm

The wil™ .7 autngraph cmploys the wild

.

uboynph sy°t .. . coordinmate s oaten (sou figs Ze1 ).

Mhis syston is utilisod in the develonnont of

“he differontinl peyellax equetions wed for this huois,

=
s

XL /

byL

Fig. 2.1 c'_‘i:lﬂ :-."" ta .'-;u.-.t > T 'i'_:_lt; s f ',.Wd "

imlicoto loit ~nd rith cecyoctively,
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Fig, 2.2. Aut?graph and drawirng *ahle assembled
Arre s Manual of Wild A7 No. A7-3268,

Foot disc for z-mection

: IS

2. Fedal for rencil 1lift

3., bx = g:ide 3and slow moticn
L. x = harndwheel

5. X = counter

€. by' knob and counter

7. bz' knob and counter

8, w' knob

e, w! .
10. left rlotting camera

g [l [ "

12, dove prisms

13. k"

1L.. rigkt plottinz camera

15. g\n

4b. w"
17. WwW" knobd

12, bz" knob =and counter
18, by" knob a~d counter
20. space recd

21, Ye=counter

22, Z-zounter

23, Y=tkardwheel

2y P



Tape Comette

Editing Cevs, #tc

12 -Character Diiplay

Special Furctior = - \\ QF

Apranymenc <oy

Fig,2,3 The Model 30 Calculator
Arre 8 Manual of Model 30 Caleulator NMo. 1303A02077.
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Tng following cboervations arc made for this

coordimatc systoen:

(i) It is ~» right handed coordinitu ay.tcu uwhon
the num:r-1s on the £ « and 2 - counuvecrs 2o
black snd the mwwrels on the 7 - couater

arc red,

(11) ‘The rotatioms arc v, f, k cbout iheir =,
yw, z“"i axes roaspectively

(111) A1l rotations that are clockwics when vicwed
froz the positivo ond of their roopective

nxes are roegarded as positive.

(iv) The origin of the syctonm is at the Jolt

canem'a porspeetive centro.

For positive coordimte dircetions the f1loving
arc also etserved:
Sciles: The fixed coardinnte senles orn the wild

AT heve divisions npumberod as follows:

X - scale inercasce fron loft to right
y = scalc ipercasos townrds tho ctecrver

Z - scale ircronses frop top to botion,

The x - and y - counters coxrcspond Lc tho lircetion
of Lhe fixed seales, If tha diccctior of one of the twe
countors is to bo revoers.d, the nera:l {black wuricw 1)
countor disc amd drurss must e cowvercd by others heviag

invortod divisions (red )i
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hoight countor gives incroasing rondings wher

the basc carriage noves upwards, Hanuel of AT.

2415

oarc:

ta R

ction anl Douta Processing Units

The data reduction and cato procoscing units wseld

(1)

(ii)

The pocket calculater casio scicntific

g

calcul.:t(:r :m‘.-BEOOp which is progruiacble,
Howover it is mot quite versatilec and altlough
it ecan b used for solving statistical mproblons,
it cannot perforz nmagrix inversion and tntyix
tmmsposition. It is n ten-digit nodel thnt

e usel for cxtemsive date rcductions,

Tho Howlet® Ppackard 9830, caleulator {rodul 30)
This is a progranmmable desk czleulator that
makes uwse of the RSIC prograuming lansuigoe
With tho excepticn of the following sintoiwnts,
other stetoiionts are used in the sane uny or

with riner varintions fron othar BASIC 1 .ngazes:

'Inplicd' LET GRADY ST.NDARD Go T & GoSuP with oF

DISP W.IT  PIXED N Mulliplo-Line Functiona

YRITE R4D FLOT I Progrur aible Tapo
Conrinnls

FORMAT DEG

while the following have additicml features not o rmen

in many BASIC languagoes:

STOP DINM RED. o DAL with RESIORE
END coM
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The nenual of the Howlett Pagkord 98501 c~leulii v

mives an oxtensive deseripticn of eaeh statenont,

The prodel 30 is r-dellcd in the fron of o« typamiter
ard the !'myboard is divided inte five apecificd arevas =

follows

(1) slphenunerie keya - Thusc keys appoar like those

of a stoenlard typowriter.

(2) Nuncric koys.

(3) arithoctic keys.

(4) Specinl furstion keys,
(5) Biting koys,

The tape cassotte cunpart:ent mel:es it presibvle for
pregroennes to be recorded and stered for future usc.
The enleculator is 21so designed for statisticel problens
and it is eapnblc of caleulating statistical rensures
for sets of ob@ervations on any nunber of vorinbles,
Statistics for cach veriable inclwic necn, standard
devintion (STD DEV) amd stonlard crror (STD @PR)., For
two variables, the covariance anl corrclation cucfficicat

can also bo enleulntod.

The matrix operntiovns on the Hewlett Pacicued 98504
calculator (rodel 30) arc fullytrcated in the ramuel., The
Loast Squ-:\.ro Prograiue 1.4 (o apponlix € ) devel ped by
Fr, j.i. Bamuwke,is besod on the following patrix

oporations bolow with the appropriate explanations:



Matrix Opcorations
DIE 10 £(20,30), B(10,5)|Resorves spce for a natrix
>f the spocifie! physicol
rlimnsix:rﬂ. Initizlly, tho
Wrrking size is the snne a3 the
Fhyaicel sizg for a nairciz, .8

©poeified in the DIM st toiwnt,

MAT RE.D 30 MAT REW 4 [Reads an ontirce matriz fron
D/T.. statanonta, The matriz is
filled in conventional wovw-column

order.,

MAT, 60 MAT C=4-B Matrix substraction, The oame
61 MAT X=3-T matrix can appear on both sides

of the equals sign.

SC.LeR* 8 MAT 4=(1/5)#B|Bach element in matrir 7 is
81 NAT B=(24P1)*B multiplied by the scaiar v.lue
(exproesion in parenthosis), fThe

sam¢ matrix can apwear on both

s8ides of thu cquals sigi.

MAT+ 90 MAT A=B*C Matrix multiplicaticn. If dimengions
of 1=(P,N) and Bz(h’,q), the rasnlting
matriz has dimensions (2, ). The

sam¢e matrix canmot appenr on loth

gides of the cquals sign,
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MAT TRY 100 M/T 4= TRN ({Transposzs o matriz, I the
3 dimcnsions of B= (P,H), Wk
rosulting matrix has dincnsions
(!:,P). The same matriy cunmotb
appear on beth sidws off th,
aquals sign,

MAT INV 140 MAT /= IN |Inverts a squorce mairix.

(B)

DET 150 IF DET(A) = OTHEN|Roturns the valuc of tlc
180
deterninant of o aquarc metrix

to an expression,

2l2 Imﬂﬂug& on Ehe Wild “Z

The procedurs on the Wild .7 autograph involved the
preparctory asteps apd the actual obscrvatiorns for relutivo

oricntation.

€e2,1 Properatory Procedures
This was exccnted in two stages:

() The procurement of the preliminary data,

(L) The prepuration of the instrument for

observi.tion.
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Procurcnent of Prclininn Data

411 the neccssary input (tho photographs) as well
ns the indox were exanincd for -ny infornition thnt co.ld
be u cful to the projecct. Table 2.1 is a2 list of rclevaid

informtion amd their respeetive scurccs,

The photograph besc weg dotermined on the photographs
(peper printe). This was done by joining the oppositc
fidueinl nerks at the sides of the photogrmphic prints,

The dntecs zetionof the lines joining thesce fiducicl narsis
dofined the position of the principal peint of otch
photogmphic print, The principal point of cach iuage wna
thon tremsfored to the adjacent inage as the conjugntc
prireipnl point, . line was dmwn on c¢uch photogrephic
print to join the prineipal point and its conjugnte. This

line dofined the basce of each pheteogr:ph,
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Toble 2.,1: Table of Prelininn 1{a

| p—————]
ITEM INFORMATION SOJRCE OF 1i2QRM,TICN!
1 ' Carora JAE 27T Contact (32per) peint

2 { Photogreph format > 2
(1x 1ecn 23 x 23cn Conteet (paper) jrint

3 | Foenl lcngth of taking 152,676 Contact (p.por) print
Conora (fnn)
4 |Flight Diroction Bast=lest Contnct {p’.}a;*-} print
Gorernl fore xnd nft butwm.:n's'ﬁ?; ) doterniwd roun the
wverlap & 62% ovarlep of
1 3 ral overla between 2 ; "
6 | Coencinl lateral overlap Pt &% papor print
T 1Tot~1 arca eovered by ot specified
photography
8 {Ph. toscale (SP) 1:8000 Indox
9 |Average photo base bam 86 ,5um determined frum paper
print
10 |Date of photography 6/6/T11 Index
11 |Approximate time of
photography 8.21 a,n, Index
12 {Height of:
(a) Heighest control in
the block hmax AMSL | 498.72nm Liat of coordipate
(b) Lowest control in of vhoto control
the block hmin AMS1 429.,0Tn ;
(AMSL = above mean pointe,
sea level) )
13 |Cptimum projection
distaneco of plotter
to be used (the wild 490mm wild A7 Instrument
AT) Manual
14 lDesired Mapping Seale 1:2500n s per cl '.;-.':t’::
roequ L,‘?EM& .
IS
- ; . & ‘<.
o Ereparing the Instrument for Cbscrvation T e,
e
4‘49‘6? e
The prep:.ration of the instrument for olservation . ".';5,.', o

involved the determination and seleetion of the required

L K —
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instrument settings as obtaible from the manusl of wild 47,
as well as the actual settings of the obtained data 2t Uhe

instrmment, These mworo determined as follows:

Sclection of the most favourable secalc,

This is dependent on the following:

(i) The optimum modcl scals (S° m)
(ii) Angular ficld of vicw.

(iii) Maximum and minimun flight heights (%o and

H'min respectively),

(iv) availability of horizontal goir comb:nations
for the desired mopping seloc (i.0e if
mapping is roquired).

(i) Optimum model sealo (g% m)

n = 2. Sp = 4Qun x 1/0000
152,676mm

€n = 1/2,493,

(iL) Angular coverge of taking camora (nng liv

ficld of vio}f)
| W -I-"_\L
/’

~ ——

Mg, 2.4, Detcrmination of Angle of vicw,
From the cbove,

4
tan 872 = $(21°)?

® = 2tan

1
(1) o =1, 250 )
DL N | W) = 937,62,
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The photography wos wide ogle since €
is more thin 75° aml lozs tlwn 100°.
15

(i1i) Moximun and pinisun flight 2ltitide obove
ground (H'mix and H'minirwn respectively)
H'max = average flight height (H') - .lioi
of the lowest point above ucm ground level

(& hnin)
H'nin = overage Tligbt height (I') - Rolicf
of the highost point above neon ground lovel
(Ahnax)

_ Projection I
contre A

H'min =H'%. Ahoax |

Vo
P
)

i

[

T
' |
:
i

. e
Bonx = | “
max = H'wealmin ;
i Ahﬂ&l = hnw. =h |
1 F s — i W
| _ ohwin'=hnin -h : i :
el e ' wax
; h =X hmin+hrax) :
hmin | :
) L mean sea level | o

Mge 2,5. Dutermination of H'max and H'min (ra-irw

amd rindirun flight altitude nbove ground :‘cﬂ_mc'uivelr).

1
Average flight height (H!') is given by H' = f, ,’qp

= 152,676 z 8000
= 1221&40&0



B = /p(boin 4 mnx) = $(420,07 + 498.72), = 463,905
ahnin = nin -« h = 34,83
Ahny = hng - h = 34,85

H'iw = B = pahnin = 1221.408—-(—-?54.%)“ = 1256,2%:

E'nin = A' —Ahmax = 1221,408 - 34,53 = 1186,5a,

(iv) ®orizontal jonr ratic conbinetiona.

Table 2,2 Table fer the scluetion of autogriphy sol s ~nd

gear ratice,

Iz
> 0
9 ri -
yide iAngle :: E’{ s Dosircd
Neormel Angle i3 g gg Auto Kapping
|__Mctres Feet & "'_"l‘-:-"":l & |oreph Seclo
- oy . I -2 rj r. L. c‘h‘: rj ‘b 3" -.‘- l‘-\.-
H'nax H'min|H'mx E'nin| @ g-g“'; 1. 1:2500
1200} 600 M 01 3000 a/4
1330| 670 c ol 3533 el
1500 750 d «01 3750 | =21
1600} 800 Db o1 4000 x/a
|
! |
‘ E ! ; ! g

The autograph (rodel) scale 1/3750 was ascleocted o ihe
nost suitnble rodel 83810 for the project becwuse wndex wide
ansle phetosrephy; 3t is the closest oven seale to Ltho optimn

nodel sccle 1/249% which also reets tho pertinont requirveront

viz 1106 < H' «£ 125(n and has herizontal genr eonbinations,

- Deterndnation or Ceap Ceonbinatin,

{i) Horizontal pgear conbination and gear ratio:




M
Pron the table ahove (tabio 2,_23, i harizontal ooor
conbination npplicable ¢ this projoet waa obtained of 1=2a1

by locdking up row of aviographn sealc 1/3750 ond colusu of

rapping seals 1/2500.

The gear rotio is obtained fr.m the manunl =23

Gaar Ratio Porition of Pull out control knn’
1 I I7 11
1 2 i

(1i) Vertieal gear conbination a2nd vrlue of smalicst

division of height countor ddinls:

The vortical geary conbination Od and the wvolue of tho
smallest division of the height contour dails 0010 wore finnmd
to
fron table 2.2.[ apply to this mojeet. Tigse were ovlolocd Ly

by
(1)  locking up the row of the autogmsh scoie 1/5750

agndnst tho celumm of conbination 172 cotadn the

vartieal gesr conbination, and

i) locking up the row of the avtecrph senic 1/375’(3
aminst tho coliurm of smollest intorval &) cbucin
tho valuc of the srollest divisicn of the hedght

contour dicls,

L Doteruinction of the Meen Pmjection height (Z rn

Z=8nx A =fx8nzx E:i'/f = [ % SufSp
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2=z sr"'/Sp where St;/Sp is oenlaxmenent retic,

2 = 152.5_763:_7;9, —— ' Jaoco
Z = 152,676 x 8000 _ SEne
750 325.70(4&-.

Dotorminoticn of initinl Medel PBase (m

k< was conputed fron

x = SufSpx b

there Sp =nodel seale = 1/3750

Sp = photograph secalc = 1/8000

b = 86,5 ng8 Jdotermined froo photo mints (sece widlo of

of prelininary data in 2.2,1.1),

x = 86,5 % 1 x 8000 :
3750 1 = 184.533ur.

Settings ¢f Instrunent Fittings:

The instrument fittings o8 detertined in sceticn

2.,2.1.1 were sct strictly in the following order:

(i) Heiaght goar 2 Cb
(ii) Tho nverage mojoetion height (325.70%um) n “he
Z - colum
(iii) Thc height scrr combination: G4

(iv) The horizortal goar eombination: 1.2~

(v) Hodol bose of 184.530rn

Settinge of optical and nochanical fittin ug



Table 2,5

wild i7
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Table of tho optical and wchanicul fittings of

I Keantire | Positivos i
i - Se— o —— L et ERET S ,._!
l' 2 ry . 1 i
inaido wigine -
s ! ;- .
- - e 4- -— i - - -
: t
Dove prisn: Indicos: ! I Ou'node § Imvido
i ) !
Trinnguiyvtion lever: | ; back feonk
Dinpositive levor: ! loft it :

Scnsc ol rotation of and |
whee ls

X - knob
Y » ¥not 1

v

Y- 2 -nob

i

|

l .

{ in ! i

: '] I‘J\J
| G0+ s &l s

—— i —
.-

' ——
Transcissicn to dmwing i
Table: '
- \
¥ - ccllaw : ! i dn { o
) 3
Y - collor : ! ot t ou*
- - J - — ";'ml‘ R —L
X - Ccmters: nunerals/ | l ) 5
Tigares ! ! black { bleak l
! ]
Y - 2 mbers: numerels/ | i t !
¢ t
£ zuros L : } rel jiod ;
— - "l - *'J_—*‘-h" | - .mi

xve prisrs, teiangulation lever, diapovitive lavee,
sense of rotation of the hnudvhen)s and seonse of 1 rarsmisncicy

to thin dmwing toble var, s2d fro table above.

(c S thie oedizpiaition ~Yamencs wera next sot In their 7 v

poaitions asr followa:



(1) by =by" = bx" = bx" = 100.00mm
(i) k' = k" = 400,008
(145) w'=w" =¢ = & = 100.908

With these final gettings, the ingtruneat wvas thoen

ready ior cbgervavion rrocedures to be performad.

2.2.2 Relagtive Orimtation Prosedures on wWild A7

There ere tlhree steps required to orient a
stercoscopic plotting instrument in order to obtaing = true
stereomodel. Th = ‘vagt of these ig invarior cwieniation
folluwed by relative orientation and tlen absclute
orieatation., Thurefcre to earry out relative orientation

on tae Wild A7, the intericr (inuer{ orientation was

performed first,

Innexr Ordentation Pydvedures

This invilved *ro stages:

(1) ocentering the diapositives
(ii) seiviang off thc prineipel digtarce in each

rezsitution camern.

(1) Cen! ng the diapositives: The prper rirts
were oynmined for numbering aind estah lisimwont ol

dircetion of [light (loft to right or Boat to ect)

and grenonee 17 AXD0sWce irgone. fren eun: to
5 ' - = 4 - -
weat). Tie . Lapositves wers eramined to fipd out

their znulsion face (oy the wuperthodox meihod

of using o rozor blade to mnke & small scrateh on
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the margin of both faces). Tho photo carvier:

were then brought down from the instruments

and ploced over the light bax (provided with

the '1ild A7). The diapositives were thon

placed over the phctograph e-rriers beoring

the following in mind:

(2)

(v)

(a)

Bmulision side of positives nust slways foco

downwards.

The dinpositives wore so oriented that the
dircetion of flight lics pursllel {0 the

Y - direcction.

When the instrunent wag to be used in the
base ~ in node {i.e. for model 1) the
overlap of photographs wns cutside while
in the base-out mode (i.ce for nodel 2)

whe base was ingide.

The fiducial mrks of the photopraph re
brought into perfect coincidence with those
on the photo carriers using 1 ragnifyer

87 =g to ensure tant the principal prints
of t he dinpogitives coincide exnctly with
their correspermding centres on the phot»

carriers. Monu-l of A7.

The prite earrierg were then returned to

the instrument.



42

(i2) sSetting off the Frimcipal distences This purt
of inner orientation war ~onplefed only vhen tie
principal distance of each plotting camera wis
precisely set tc the same valua es the calibirated
constant (focal length of 152.676mn) of *he
taking camera, (seec oreliminary dats fap'e iz

2.2.9,.3.)

This was done by ndjusting, mising or loworiug the
diapcsitive image planc by meung of the greducted ¢ lum
ring. This was don. #ith an accurecy of 7,01mm an the il A7,

This completed tho inner oriontation on Wild A7.

e« . Jmpiriosl Rolative Owigntation Procedures on [Zid
AL

Having sct up the nodol at the instrument, the modci
wvas vicwed through trlo cyepicce where a threc Jimensionnl
imasc vas sgea through the optical systom. The points in
the model were located with the movemerts i the F and Y
handwhoel which impari the notion of X and T to tho wnll
marks widch arc the measuring marks, Since the model s ot
parallax frce at thiastcgo, tho hWelf warks did not [uso

togcthe» rather they acemed to float in space.

Out of tha iton available independont slomenmts of
erterior cricntatior, ounlv five are mwouired to eoovy cuk

ralative oriep®ation o8 co.rlicr atat d.
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Uswally tho basc components by', by", W', " were
kept at & constent zoro, Hence the Wu.e in cach of the Tro

nodcls lay in the direction of the X - axis,

There are two types of Eppirical relative oriantulbion

that noy be tmnasfwrned on the Wild 47,

(1) Reolative Orientation of independent pairs of

photographs.

(11) Rolative Oricntation of subscqueni pairs of

photogravhe,

The reloetive orientation of independent prire of

photogreph was usod in caeh of the two nodels.

15 Relative Ordentation of Imdeyerndort Paiss of Photograrhs
The pnrallax Equation wes given as

. . , 2
Py= -gi- ag « K.ZJE Yagi+ Xdie! -(X—b)dc"~(1+ %z)ﬁw"
(sce Appondix 3 for the dorivetion)

Theroforc the elements weod ware @, Ef", kt, k¥ and
w" £ cloopr paraliax in the aode), T The coborag  Wole
ormented to the fixed buse nnd this consequently mkos the
asolute oricntation thot nipght follew reletive sxionkosion
sinplio> sinco o bse cporamts iy tho X and Y-

agirgetions are zero,
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image plane

g == ax = haso

0 = perspective contro
of l:ft photlo
Oy = perspoctive centre
of right photo
~.4

nedel (wrejcetion planc)

Fig. 2,6, Dispcsition of points in the redel,

The figere abeve ahows the correet dispositica of
pourts in cach of the two nodels, The precadruc telor morle

ugse cf those ~oints 8 they arc locotod,
Proccguro:

Step 1: At point 1| parllax was clininated with k!

Stop 2: At peint 2 parallex was clipinctod vitu k¥
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Stop 3: At point 4 parellax wis celininatel with ﬂ“

Stop 4: At 3 parallax was eliminated with ", u" read
as wy (i.e, w" = w3)

Step 5: At point 5 parallax was olirvinated viih w¥,
W' read as wg (i.e. W' = s )

Slep 6: At point 6 parallaz was eliminated with w,
w" read as wg (die,c w" = w5 )

Step 7: w" set al w, = w3 + (w5 + ¥y
2 - s/m

where n = over correction ractor coaputed

from: n =+ (1 + £ d/g ), Manual o: 47,
d

n=y E1 + 152.6762

oy g=2.1517m

n= 2.152!1!!!

Step B8: Step 1 to 4 were repeated
Step 9: Points 5 and 6 were checked and whefc

prrallax existed steps 5 to 9 werc repeziud,

The nbove procedure was therefore iterstive apd s
reprated until parallax froe model was obtained in cuchk of the
two models, To obta ne a parallax frec model in madel enc,
iteration was done threc time whilc in the caze of the sccond

model, itcration was done firve timee. Scec Apperdix Bl amd R

for the detailod rosults,
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'I::l‘!f L 2

The empirical relative orientation carried out on the
£

Jild A7 by this author is used here as a check on the resulta
of the small incrementscon the elements of the rolative

orientation obbained by numerical method,

:_'?5_-',3,-" v Jumerical Relative Orientation on the TAld A7
o .I “ The derieved parallax squation cn the 7ild 47 system
:'.LS: . .
Py = ‘-‘:-z{:dﬁ’—; 3‘%’1’:1,@"4-){61:'-(x—b)dk"—-(1+Y2/_Z.2)2’J:1w” o
(sec apperdix A for derivation) -
- ‘ &
using the clements @', @*, k', k", and w" for irdependent
mothod of relative orientation. Here nonc of thie elements of k
orientation of either restitution camera iz wnorn, The two
cameras are oriented to the buse.. -.-"‘."":',. W ‘ ;‘y

Procedure: e

Step 1: all elements were get to iheir zoro positions

e

. .88 in 2.,2,1.2,

Z was fixed at 325,70%9mm as computed in scciion 2,2,1,1. This
was sot by moving the 2 -« cojumn to read D2%ums with the oot
disc while making the z countor to road 4995, Tien the

Z ~ counter was gently reduced to 4994,292unn apvroximately.
This made tl_l_e_ rewding on the 8 column 325,700 zimce the
height counter gives decreasing readings when the base
carriage moves downwards (that is incroage in rooding on

2 = column), mapual of A7, " o
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Step 2: The oxtont of the model in X and Y dircetiogs wis
doteruined by noving the X- and Y= carricgoe wita o oid
of the % and Y~ handwhecls tc recch the four extreros of Llw

nodel,

Step 3: Tho coxtent woa denareatod nentally cuck thet usi loss
then twenty-five (25) points would be conveniently e mmodated
within the chosen nodel.space ond cvenly or symetrierlly
distributed all over the ncdel space in a 5 x 5 dinensioncl

sprond, osoe fig 2.72.

Step 4: Farnllax nensurerents were perfornad using the hy'-

kmob nt cach of the twenty five points,

The nodel was scamncd in X and Y dircetioms with the
X and Y handwheels and these twenty-five points which ind
beon choson &8 netuml points (points at roed junctions,
farn odgos, shrub odgos, cdges of houses cote.) worc then uscd

to elonr Y=p .rallax, X-parallax wos renoved wvith the -kncb,

Step 5: 2t oesh point the following were recorded for sueh o
point (a) X~ ccordinate (b) Y- ecoxdinate (c) m (¢) wv'.
Oservatiins at the principal peint of the loft caner wure
done a8 at othor points and tho X- and Y- ccomdinates (Xo, Yo)

recomel as those of the origin of the nodel,

The following precautions were token:

(2) oporationcl stepe woro carried out very corcfully
e b

to avodd blunders.



(b) all owervations were fone in ono direetiom
| enly a3 shown in Fig Z.7h.
v 21 w22 2% .24 #25 [ s
=20 19 <18 +17 46 1., e g
A1 12 213 .14 -15 I !
. o 9 8 7 =6 E..., e T
N N TR N 1 i r

| I'Fig. 2,72 Location of Twenty-fivo
pointa in o Modeld

Pig, 2,7b Dircction of
Qtservation in the

- _ Model
- ': "-:-‘?‘-E Y :
¥ 07 . {e)  In the clinination of tho X and Y- parellixes
at o point, clinin~tion was dene such that tho
Y.L w7 larger of the two perallaxes wes clininated Tirst
s 4 (d) care woe tsken not to upset the setbing of
Z = 3257091 in the Z - coluwrm by net ftouching
1 the foot disc all through the observaticns sc as
PR to mintain a constant- Z. e

s T

o
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Chapter 3 B
COMPUTATIONS AND ADJUSENED
3.4  Computatiops e
This included i p :
(1) The reduction of the vew data, -

(ii)} The computations of the ocoefficients of the
elements of relative orientation to bhe used in

.. the pamllax eguations,

(i) Reduction of raw data: - -

The pocket calculator was used for all reductions

of the raw data,

N Two sets c':f:;-eadings were taken for each of +the
parameters measwred during the numerical relative
cricntation. E’ach get contains z{.'l., Yi, bxi, byi, The
average of each of the two rendings was obtained by

rounding up and recorded as zhown in form 1,
-‘q !

Thoe rerallax cquation developed for the J1ild A7

system {as epplicable to this pa:'ojact) is given by

Py = -Ld-é""(L)ng&FXdk'—(X—b)d.k“—(‘!-.— ¥2 /Zz)ZdW“

(soe appondlx A for dcr:LVat:mn) ; . .
where h "._ : " . I r. e
Py = byi - by, Ghosh (1960)

'bl?‘m =~ =W with n = 6, g, 12, 15 as the case
1 may be
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=%l - %o

Y=Yi - Yo
b= bxi

Xi, Yi are the instrumont (raw) ccordinites for roint

i fOI‘i=1, 2’ ———————— ? 25. '

Xp, Yo are tho instrument (raw) coordinates of the Iloft
perspcetive centre which is the origin of ihe

e model. _ _ RN

n
an

Z = constant projcction distence already set o4t the

ingtrunent at 325 .70%mm, x

The above paramcters were compubted and recorded as &

.

shown in
», {i1) Theo computations of the coefficients of the cloments
o of tho rolative ordentaticn:
Thesa were computnted as foliows uwsing the pocket
caleulator,
Element Cocfficicent -
S o -
1. -5 = KR T - %)
H | - -\ Z
A vagh (%E)Y = (X5 ~ Ro=bxs ) ¥i-Y,)
_ | 7
1o X = (% - %)
. k" - (%=b) = X§ = X, - by
2 - .
" - (14775208 = {1+ (13-4 )7 ) , 1
( T J I . *

+  See table of coofficicnts in Appondiix B for the cowputations
abtove, i

¥
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3,2 Aiustoents

The adjustoent wans done wsing the lecast syu.rce routinc.

Fron 3,1, the pimllnx equrtion may now be written in

the Torm
by; = by, = = (Xi = X )(Yi-¥,) ag’ +(-xi':{o__.-jfii.)‘(‘l:i.-_1;.-)- agn
2
{ Xi=Xo ke '=( XimXomtm YA "= (14(¥4=Y0)?) .. .
+ Xo Xo=-txj E +?—i g ZANT | cmomiomres (2)

This is an observation cqu:tion which is in the forn
4 =B m— S (v)

where A is tho matrix of the coefficients and of dinenticn

M x I wvhore

M is the number of equations

N is the number of unknowns
n
Tote that by = e
L §1 1

where N =6, 9, 12, 15 in the respective coswo

= (X1=Xo)(¥1-Y,) - frelusn P 3'5’,

[ 2 Z.z; |

A= : 1 i
= (ygeXo) (M-, ) TP v

- () (gt s

H voried between 6, 9, 12 and 15 in the respective 6, S, 12
and 1J points cases,

X isthe cc lum veetor of unknowns a8 follows:

(c)



agr
x = |age
dk'l
dk"
L awh. S -5
B is the ntrix of ccentonts byi - b:;m
so thet
| 4 1
. byy- — Wy
B = l b.ya = Wn
\wn - by, IS =)

Fron ¢iuation (b)

AX = B multiplying b-th sides by AL
then ATAx = ATB if weighted becomes

AP = pTy» (f)

x = (aTwa) = ATvB e k2)

Sinece the observations in this project were done wmider
the scme conditions of (i) within & fow hours for each
modol, (ii) on the same day, (iii) under the same veatler
conditions (instruments were in an aire nditioned rcom) ond
(iv) by the same operator the otservaticns cre taken ¢ ¢ of

unit weight

x = (aTa) ™' ATB U,

ATp is the N x N positive, definite and symmetriccl

nornel netrix which features in the normal equations,

X is now substituted in the original equation to

solve for V {rasiduala );Ax - Ber v



Jach ~servation equation has a residunl such that

byi=byvy = = (X=X )(¥i-Yo)ag" +(Xi-Xo=txi)(Yi~To Jagh

-

Z Z
+(xa-xo>w-(n-xo-mi>w-§ (L P  zawn ___(3)
Z

fron v = Ax - B

vi = = (X3=Xo)ag"' (Yi=Yo) + (Xi=Xo=tucj )(¥i=To)+(Xs~Xo Jai:*
Z 7

- (Xi-Xo~bxi)dk" - % 1+(Yi-ro)2§z dw" =(byj=byn) wememem(lc)
z2

Estimation of accuracy of relative orientnatic. is
sed on the standard error of mensurement or determinction
of each olement of relative orientation,

Standard error is couputed from the varianeg. fter
—2

solving Tor the residuals (vs) variance f-JD is
coriputed from
2 VI erne (1)
B, ¥=n
and for an olservation of unit weight,
2 Yy .
T T ¥-x reomn e (12)
(&)
and stonderd error is given by
G, o ;*
° H(ManN (a)
The least square progranme 1.4 (courtesy of Mr. AcA. "o €:o0)

vas used to Solve for

(i) The  unimown (%s)
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(ii) The residuals (Vs)
(iii) the root mean square error (RMSE)

(iv) The standard errors (@) or I1,. . . ., IU)

Soo Apperdix C for the least squarc progronnc,
Appendix B gives the finanl results,

The least square programme is explained a8 fol'ovas:

3+2,1 Explamation and Exeeution of tho Loast Squarc Programme 1.4
(1) DI  means display

(2) DpEC reans degree, that is progrmme will  dive
angswers in degrees, therefore all unknowns
(X(1)500000se; X(N) as well as the standard
deviations (I1; ...ee; IN) are converted to
their respective values in grads by multil ing
by X, where K = 200:pie (PI).

(3) FIXED 5 means working to five places of deeinal,

(4) Dpmm neans dimension where

A is the matrix of coefficient

B is the cclumn matrix of constants

C is the normal matrix

D is the trmnspose of A nultiplied by the ¢ lumn
vector of constants B

E is the inverse of C

F is the transpose of A

X is the colum vector of the unkmowns (dgf, dg",
dk', dk®, dw",)

V is the matrix of residuals



1
3

M is the number of observatioms,

N is the number of unknowns.

(5) steps 70, 80, 90 allow for adeguate space for
data input.

(6) TRN means transpose

(7)  mar means metrix

(8) oper means determinant.

(9) 1INV means inverse of

(10) In step 230 MAT E is the variane3s covariancc

natrix.

(I) is the unit weight variance
E is the weipght coefficient matrix

(11) 1In step 260 I!, .esss. IN means the standard
deviation of each determination or measu-enent
of the number of unknownse.

(12) / means division except in the line 290

where it means or.

(13) * means multiplication :f;"w"f!:‘.': 0
) . DI :-,?,'.’:?{-"- iy
2 square of = 'y anSCLr SRy
4 1 q © r .\f:‘t:;\,j;;c c‘._‘”:"_-?-gv

LR s 4
(15) 40,5 means square poot of “RUTY

(16) R.M.S.E means Root mean square error S0.UTIC!.

) 31152449
(1) The solution of the unknowns (X 3);
=}
(ATa) ATB; MATF in line 100 -ives AT

MAT in line 120 gives AT3S
MATC in line 110 (dves ATA
1
MATE in line 140 gives (AT4)

line 150 solves X as MAT X - 3




(ii) Solution of the residuals;

V=4a -8B

lines 180 and 190 help to soclve x i.e,.

line 180 gives Ax i,e, MAT V=4 X

line 190 ~+ives AX -~ B MAT V=V - B

2.
(ii1) The unit variance Uo and variance—covariiace
.
U_x:_ are solved in lines 220 and 23%0

res pectively,

In each of the cases of six points, nine points,
twelve points and fifteen points, there were six, nine,
twelve and fifteen observation equations respectively in five
unkaowns (@', 4@, dkt, dk", daw") or (4 3). These five
unknowns gave a 5 X 5 normel matrix (AT4) in each czse.
The efore the number of redundant observations (M - i) in
each case was (6 -~ 5)=1 for six point case, (9 - 5)wé for nine
poiat case, {12 - 5)=T for twelve voint case and (15 - 5)=10

for fifteen point case.

The residuals were six, nine, twelve and fifteen in
number for the respective cases of 8ix nine, twelve and [ilf'teen

points,

The variance ‘J, is obtained from line 220 w.ile the

stand.rd errors are obtained from line 260,



Lxecution of the programme is performed by first
swilching on the instrument and then the rogramme is .;ed

in.

There after the data were fed in in the following

order;

[ A1l the coefficients in the M number of

qutians from 1 tO 2 to essessen M

. The constants (Bs) from equation 1 to
2 sadsanes O M and mquu’ed results wore

obtained finally.

Scc Apperdix B for fimal results,
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Chapter 4

ANALYSHS OF RESULTS

The analyvses ave tascd on the folloving:

(a. The affects of the distritutions of ihe Doinsa

on accuracy,

(v) "he effecta of the donsitics of the points

On accuracy.

in chaptor thme, it was stated that accuracy catimation
is delermincd from root mean sgrare errop(which gives rise
to st” aland errov), Therefore the accuracy estimation is
based on the standarl error of measurement or detemmination

of cach element of relative orientation.

4,1 Effccts of vhe Digsribution of “ass Points on sccuracy

In this case, Ffive deseribabie locations (shown in

figuro 4,1) woere chosorn in the model us follows:

(a) Standam Poinse Locatiors: Thuse points were
located es clisnly as possible to the points
commnnly referred to as standard points in a

model,
(t) Left hand ride locetion,
(e) Contrally standari loatien

(a) Centxmally middle location

—
-~

L.ght hani side loecation.
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Thc main criterion for choosing ‘hese locations was
that it vas absolutely necessary to maintain a uniforamity in
the location of poin's, irrespective of the number of points
involved, for convenicice ard ease of anclyses., Only thosc
five locations can convewserily accommudute +he 5iv points
casc, the nine points case, the twelve poin‘e case aa well

a8 tho [ifteen poinis case,

oth models were analyscd teogeller. The effects of
the distribution of poinls on accuracy o detoraipation of
cach clement of reletive orientalion are invectigated, The
analyses ars as follows: (Se2 table D1 and D.2 in Appendiz
D )ad': The sterdard point position yielded the lcast
standard crror in about seventv-five percent (735%) of the
cascf whilc in all the cascs, the ceantrally middle locations
yielded the highest st~ndaxd crror hence the poorest

accuracy.

ag": Here also very good accuracy can te obeerved ‘n
the standard points locaiion for sevenir-va percert (795)
of tle cases, The centrelly niddle locations recorded the
poorcst accuracy 1ith very high stamlard evror. A8 can
gcen from the Table D .1, the left hand side, iight hand side
and sometimes the censrally starmdard locatiors gave feirly
good results which ave comparable to those of the Stardard
poiat location. Ier cxarr’2, in the niwe voin' demsity in
the secord model, the led: awl ripk: nnsd sicz locajions
geve bott~r © 2o uby than Lhose of the ¢’a:suid poin's

locations,
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dc': Except for the left hanmd side position in the
sccord model, ‘in both models standard locations yielded
good results generally, Also the right hand side in densitice
fifteen in model one, ninc and fifteen in nmedel tvo mve

good results, as well as the centrslly standard in nodel one,

dc"s Out of the eight available densities (four
densitiés for cach model), the stanlard point location
yielded azccllent results in three as follows: nine and twolve
in model one and twelve in model two. In all others, the
different locations yiclded very good results oxcept the
centrally middle which gave very poor rosults and tac right

hard side in 8ix, nine and twelve dergitics in model two,

dw": Tn about fifty percent (50%) of the cases, the
standerd points location yiclded the best results, followed
closcly by the left and right hand locations and the centrelly
stancard locations, The centrally middle location yiclded
the vorst results in all the cases, and produces the sanc
poor accuracy for all the other clements a=s can be sceen fron

Tablee D .1 and D .2 (Apperdix D ).

4,2 The ©ffocts of Donsities of the Pass Points on Accuricy

The consideration of densitics ic based on the nuaber of

points usud, Tour cases are treated as follows:

(a) 3ix points case.
(b) Ninc points case,
(e) ‘“welve points caso,

(d) Fiftecen points case,

o1
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Herc the casec that yielded the least standard orror
of the detcrmination of cormrcction to cach clement of
relative oricntation gave the best results, Th2 amslyscs arc
ag follows for each correction to clement of rclative

orientation,

df': The least stardand crror of the dotermination f
this corroction to the clement of rclative oricntation (¢')
w8 obtained in the 8ix points case with the next beot
rosult ocecurring in the fifteen point case in both models,
The worst results were obtained in the tvelve point case in

about cighty percent of the locations.

df": Hero again the bost result was obtained in the
8ix points case for both modcls, The fiftoen points case
apd nine points case pove fairly good results, Twelve points

case did not givce good resmlts,

dk': The fifteen points ciuse and the six points caso
produccd goed accuracies in that order since both case gave
small standard errors. 1t can be scen that the twelve peint
case in modecl two gave better results than that of the nine

peint case although in model one it gavo the worst results,

dk": The six point cuse produced very good accurccy
and also the fifteen point case, The twelve point case did

not yield sood accuracy.

dw": Generally the fifteen points case and the six
points case produced good results for the determimationr of this

corrcction to the element w", The nine points case produccd
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some fair results, Here again the twelve points casc geve

very poor results,

It should be noted that in the six points case in both
models the centrally middle location yielded cxtrcmely poor
results vhich are not comparablc to any cther results in thoe
amrlyses tables, The explanation for this is given in

chapter five (sce 5.1).



Chapter §

501 Sunmary

From the table of amalyses, it can be seen that the
centrally niddle locations in all the cases yiclded vory noor
results especially in the six point case, In the centrally
middle locations, points were located very close to the inse
lire (or e e clustered arourd the linc joining the nodir
points of cach model)s The very poor results moy be
explained right away as having been caused by the fact that
the points were so closely located to each other that the
X=znd Y - coordinates of such points were too close tc give
a good solution, Accomding t. Van der ‘feele (1960), the
precision of the determination of the unknowns increases with
increasing differences betweon the proportions of the
coefficients of the urknowns in the different equations, 7This
comdition will not hold when these points are lpcated eclosc
to each other since the coefficients of the unknowns are
obtained Irom the X- amd Y- coordinates of points used in the
clearing of parallax, Therefore the precision of the
determinuition of such urknowns will be very poor. From the
table of znalyses, it can be secn that that is what obtained

in all the cases treated,

For all the cases, the standard error of the deterninctiocn
of df' ard ag" almost tallied while that of dk' and dk" almost
talliecd. This is cxpected sinece d¢'and d@" produced sinilor

effecets in a model that is no effeet along the base line but
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maximum y-jcrallax at points four amnd six with opposite sims
for d¢* :nd at points three and five with opposite sige for
ag" (5ec 1,2,1 ) Same exvlapation holds for dk' and dk* hero

cach has cffects that compliment the other (Pig, 1.2).

Ir gencral the standard points location using six
points nnd fifteen points gnve fairly good results, The rosulia
in the ninc peinte were fair enough, The twelve points mve
very poor results genemlly. From figure 4.1, it can be secn
that the spread of the twelve poiuts case is slightly different
fron 211 others and may therefore not yicld i1csults that mey
be cunpared with the others,

(Appodix D)
Looking at the amlysces tables,/it can bo oterved thet

for all locaticns an! for all the elenents increase in poeints
produced better aceuracy of dotermination of ag', agh, ¢,
dk" an! dW" in most cases (say in about eighty five pcreont

(855) of the cases),

5.2 Conclusion

'

from the Joregeing it then can be said that;

(1) Increase in rumber.of points does not =wcossarily

moan ~n inegoase wn Accuracy.

(ii) The location in of the points in the molel has

a great prt to play In the accuracy cipacted.

The snzll diserepencies may be due to Adifficultios
exgountordd in the acrurate loeztion of points in both nelels
8ince it was difficul* to choose some points duec to (i) poor

quality of :hotograph (ii) the position of some maturel pointo,



In other woris, both models were vory 1ifficult oncs,

In conclusion therefore, the accuracy of the pumeriecal
relative oricntation on the Wild 47 autograph depenls on
the density and the disteibution of points in the nolel
barring - 11 systematic crroars due to «oamera anl lons
distortions, poor quality photographs, capability of tho
observers an! an assumption that all light rays travellel In

straight lines,

In performing relative oriontation on the instrumont
by numerical methods, 8ix points may be sufficicnt to cdear
the model [ parallaxes, ecxcept in extremely very precise
work where more than six may be used, However for very
difficult nodela, it is beat to ecxamine the molel proporiy
and choose the hest natural points for removing parallix,
These points must howaver be as cloac as possible to the six
standard lpeints location (figure 1.1) universally accopted
for clearing y-parallax in a model, The reuason for this is
that the nadir points (points one anl two in figure 1,1)
have the sinplest relations between the y~-parallac and the
orientition elements and secondly the four corner peints
(3, 4, 5, 6, of figure 1,1) being farthorest away fron the
nadir points cn! from cach other will help in the sclution

of which will give best results,
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Appcndix 4

Derivation of the Diffcrential Formulas for Sirgle
Photozraphs Trom First Pripciples, Hallert f1%§2

fm—> L

o is the
perapective
centre

— Projeotion
planc

Fig, A.1 Single photopgraph and projcetion planc
aituation,
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The following assumptions are madc:

(a) Approximate. vertical photographs are assuid
(b) The wild system of coordimtes 1s assumed
(sec Pig, 2,1)
(z) w, @, k - rotations are about their res ective
x ¥ and 27 axen
(d) x, y, z are for the image plane while
X, Y, Z are for the projection nlane

(e) Derivation is on the projection planc.

In the abowve firurc, let P' a point in the image plilc
(it .0 e photogre ph) e project:d in P in the projociion

plane (i.c, the model planc).

It is required to dotermine the changes dx and dy of
the coordinates of point P as functions of the small
straislatiors dxo, dyd, dzo of the perspective centre 0 and the
photogravh as well as of the small rotations df, dv, @' around

their respective dyo, dxo %o axes.

From firat priuciples from the diagram for poiant P on

the projection plane

X=Rcesr ... (v
Y=Reinr (2)
2 g
oc IR = " - ——
o oN ON = osce

tan & ____..'E.. =_.mﬂ.9==
ON Z

X =—‘-¢_“‘“B . (3)
cos




tanac = -}-

Y= 2z tanec . (4)

from similar triangles

xZ |
E e g I
r=-¥-—fﬂ SRR (4.

from equations (1) amd (2) differentiating from firet

principles,

dxX = - RSin!dr

but Y = R 3inr
dX = = Ydr ......_.--.-..(7)
Also dY =R cos r dr

but X =R cos r dr

dY = X dr

-----------

difterentiating equations (3) and (4) will result in

dx -~ & tan B Sin ¢¢ dec

2 - A

cos

ayY = Z doc _(10)

-

Z
coso. = TE

Sin oc

from pythogoras theorem
R
0 = (¥ + £#W

'z Y
coaol = (o o} (11)

(2, 2)F pean

(2% + P e (12)
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Similarly tan B = -ﬁ-g- - = 7 e

-

Substituting (11) and 12) and (13) ijto equations (2) and

(10) will result in

u:-gﬂ— doc
aY = (1+ Y',?/ZZ) ZAoc N

Differentiated equations (5) and (6) become

dx =—§- dg

——— . -

aY

y/f az P~

according to equations (5) amd (6) for

dz = = dzo
& _ X . vy, L
alﬂ f - g [ ] /f =" E
x - X 4z -
Zz
dY -~ oy ——— dzo R ——

Sinilarly it is fourd that

at = (1+ Izjsz)z ap

ay = o - dﬁ —aat e

from equations 7, 8, 13a, 13b tarough to 19 a2rc cxnocs

the complete diffential formulas foxr dx anpd dY

— s . &

... (14)

... (15)

... (16)

.. ()

... (18)

..(19)

od



The following substitutiors arc made
dw  frr doc,dad -y df
dk for dr, dale for dxo
dby for dyo,dbz fuor dzo
and collecting 21l the like terms in equations (9), (©),

(13a), (13b). (14) to (19) the fr llowing arc obteinml

2 &
X = Atz - X% g (14 X/ 22 AL Gy e 20,)
Z —

dy = dbY - /717 + X% - -;“’ g« (14 T /2)me —~—(21)

The Di’ferential Foiwivla tor Y = Puranllaxes os Appiied to
Two Phctogrunhs (2 :wgel;

;’f e A v

_.,1 o e L ——

-‘:"n._’Z/ N ___7; "‘

Y

0

|

L
e e ———t ;m‘l—

0! is ‘he perapoeetive
centy. of lert
pho%o. raph E‘ \
O is the \
perspuciive centre
of right

3

Photo sraph N
.é/L Yiojuction
plane
‘11/." "‘.é',/ // x2
ST T Y i
_ 42
e e o ——— - -‘/
Tige A2 Pwc photographe an

i~



In the above diagram, a point shown on the 2 inages
nlanes p' and p" is projectdd onto the proj.ction planc at

P

h = base

subscript one and two denote the left and right pooto 1 pha

respectively,

Fore Y - Parallaxes ic defined as

Yy - o = dfy = de

or Yy - dYy = Y, =~ dY,. Thereforc ¥ . Inml:ax
is the difference betwecn the Y - coordimtes of nuinls as

measured on two photographs

dYy and de are the small changes in the Y - coordinates
of the point, This is so becauwse if no parallax cxists in the
model both Y - coardinates of the point measured on t.ic left

and right photogrephs should be equal so that
OPy = Qa} - AT = dYy - de
or in words
The change in the ¥ - parallax equals the change to the

Y - coordinatc of left hand projection minus eluye to the

Y - coordinate of the right hamd projection.
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From equation (20) it will be fourd that
Py = - db¥' + dbY" - /zdbzt + L/adige + k!
- (X =b) dc" - éﬂ- agr + (X=b) Yago
- %
Y2 YZ
+ (1 + ©/2) zaw < (14 T /) gau 2)

e e R S e e e — (2

Hore Py = dY' - dY"

Y

I

Yy = Y2 ad X = X4 - b = X=1

X is the coordinate of P in the model plane with  raip al

the perspective centre of the left projedtor,

Y is the coordinete of P in the model plane with origin at

the perspective cexntro of the left projector,

Z the projoction distancg, is the same for all points in

the model for a flat terrain,

It therefore follows that if the coordiwtes of the
porgspoctiva centre of the left projector are lnown then the
coordinmates of 2 point (say P) in the model plane to be used

in equation (22) will bu given by

Ip ~ Xo

Yp - Yo

where Xo, Ye, and Xp, Yv are the instrument coordimton of the

peraspective centre 01 and point P respcoctively.
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Development of Parallax Fquation Used in the Thesis

Taking a parallax observaticn, generally inplies that
some observation perhaps of the orientation clement should
be recorded following the elimimation of 7 ~ parallax in

a certain point with that clement.

Each projector of the Jild A7 atcreoploiter a8 sdx
degrees; three translations by, bx, be aml thvec rotations

W, #, k, to make a total of 12 degracs of irccdom,

Since 1t has been shown that db:' and diux' introduce
m Y- parallax into the model, (sc¢ Fipguro 2.2 Yo X%
therefore follows that for the elimimat’on of ~amllax in a
nodel theec arc two translations and three rcictions for cach
projector., Numerieal Relative Orientatio: o 1ld 47 (

(Bquation used ),

In using the pmrallax cquation developed Do the
righ-handed sys8tem of the coordipate syston oF the Wild AT,
the olements borne in mind werc w', @', Y, v, @ kv, by',

by", ' and 2",
The »arallax cquation is

Py; = = dbydbY-"/zavs 1+ ¥ /zabze gkt

- (Z=b)ik"- —I‘zf—dd'+[4§-9)rd¢"+(1# /,2) i

2
= (145 /2)zaum SR ——— 1))

whare Pyj = byj = byp. Ghosh (1960)

bym is the mesn of the parallax mcasireient road on by

(reading on the cloment used for elimimntion of ~vrallax)



at all points used for parallax measurcmont, arnd road on
by! by; is the perallax measuremert at cach point (i),

Ghosh (1968),

The X=perallax is removed cither with tie {oot dise
or the ix, In this thesis X-purallax is roioved with the

b,

Z is the projection distance which is < nmned

conastant for flat termiin and this holds {or this thesis,
In the above equation:

X=X - X%

T=Y - Yo

bxj is read and roecordcd at all pointas ‘or i =1,

2 - - = = 25 after removing X-porallax with Tlhe i at neint i
XI-b = X - X5 - x4
where Xi Yi are the instrument coordinatcs of point i

Recalling equation (23) and rewriting ~s follows with

"

Py; = dY¥j - ‘d¥;"

il

PYj = (=dby'+dby¥" +bdk") + X(dk'-dk")
= -;— (dbz '=abzr-abf") - %’-I (agr-agv)
+ (14 Yz/zz)z (dw'=dw")

with the pauvedcolemonts as follows:

(~dby' +dbY"+bdk")
(dkl' e dk")

It

AA
AB

]



E S

k- W
o T
AL = (dbz‘ -dbr¥ - bdﬁ") s “ el L ‘E—E ,
AD _ (af't - agr} Y .
wih AD = (dw' . d‘d‘") _ ._ .'ﬁ\h: . "«M -

et
W

In order to have five purallaxes proporticnal to <o 4,

T 2
X _Y/Z, - "%'J" and {1+ ¥ /22)2' in the medcl, iy ds

necessary to choose at least one element ivon ooch af the

' {::roups of pouedoelements to be uszd to elexr narallax from

the model, Von der Wecle {1960, : - S

from A4 . Ak ! B y ol L

from A B dic? PR L L %

from AC _ ' agh

L
from AD qg! ST
. : -

from AR dws
SRR S B .
. S

Thon the ramallex equation will roduce to

PY = "iz{l' agt + xdk! +(-3‘£-5—1-’)Yc1ﬁ" - (X=bJdk¥

P | {1+ ?2/;52}2: o | _ T (24)

P

T X
s - A

- Obtained by collscting all the coelficicnts of each

e P X+ b= o (D) e

elemont chosen for relative orientation (23) as follows:

T . .3;1: "‘kl‘j:. y ';{E . . r,': # 11
agr X a0 ( z )y S

dic? BRI, £

il
Aw?™ _— (1+ 'f/z2 Yz i
Equation (24) iz the equation used for thig yeroject,
q. Ial L3
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In section 1,2,1,2, it was stated tlatl cby' and dby"
have the same effects on the model, They introduce the same
amount of Y « parallax on all medel points as illustrated

in figure 1,2,

Therefore ecither by' or by" can be uwised vo senove

y - parallax from all the points in the model space effectively,
w! or w" may be used to remove y - paralla: i the model

gsince btoth have same effccts, The only constraint is that

an additional determination has to be done, "ac Ly! and

by" are well located on the Wild A7, %ley cin 2acily be
rcached from any comvenient sitting position infront of

the plotter, Tho by" knob is uscd in this thesis to clear

paerallax at all model points,
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Appondix C "~
LDROGRAUME 1.4
10 DISF "LEAST SQUARE PROGRAN"
20  STOP
30 123G
40  TIX2D 5
50  pmt A(m,N), B(K), c(wN,N), D(w), B(r,n), F(:,K), x(),
v(n)
60  lii READ A(MM,N), B(¥)
70 DATA = = = = = = =
L R
9  DITA = = =~ = == =
100 W7 F = TRN (a)
110 LM C=F » 3
120 LT DmP , B
130, IF DET (C) =0 THEN 290
140 NI B =IW (C)
150 HT X=E 4 D
160 DISP x (1); X(2); - - = - - ; x(W)
170 SPCOP
170 MATV =4« X
190 HM' V=V -3
200 pse Vv(1); V(2); - - - - - —; V(M)
210  SICF
220 1 =(v(1) 2+V(2) 24~ - = = -4+ ¥(H) 2)AU-N)
230 HAPE=(I) « E
240  UISP "RJM.S.B. =¥/~ "I 0,5



250
260
270
270

290

210

STOP
DISF
30F

104

"If = "B (1,1) 0,5; ~ = = =; "IN="E(i,%) 0.5

GO 70 300

DISP
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