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ABSTRACT 

For analytical st ereop lotters, orientation of stereopairs is the fundamental process in 
aerial triangulation, and therefore integral part of it. Hence, in a user-oriented envi 
ronment, orientation and bridging should be solved as rigorously, automatically, logi
cally and naturally as possible. This means, e .g.: no distinction between relative and 
absolute orientat ion, avoidance of point identification entries, simple distinction bet
ween different types of points, automated positioning according to available informa
tion, easy sw itching between plotter and comparator mode. In order to achieve these 
specif ications, adequate statistical a priori information must be introduced, and an op
timal solution be provided for the orientation parameters in real time. The paper is an 
attempt to specify such a so lution by means of a st ructured program of ·the real time 
orientation loop. Preliminary results based on APL simulat ions seem to iustify there
levance of the approach. 

INTRODUC TI ON 

The increasing relevance of analytical st ereotters as well as computer-assisted 

analog st ereop lotte rs has resulted in a certain rethinking of the process of aerial 

triangu lation . Particularly in v iew of the detection of gross errors at an earl y sta 

ge, analytical instruments may be considered ideal mensuration and data acqui~ition 

systems. In ord e r to fully explo it the system's potential, the process of triangula

tion must be made truly online. This entails an optimal recursive solution, inclu

ding the entire orientation procedure. Orientation may be inco~·porated in the t ri

angulation process by means of a highly interactive orientatic1n updating online or 

even real time routine, callable at any instant of time. If J! te mathematical mo

del is extended to comprise all types of t riangulation points, no distinction between 
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relative and absolute orientat ion is necessary . Based upon a unified approach, the 

paper attempts to describe and specify a general orientat ion routine for analytical 

stereoplotters. The findings can be applied to multiple stations. 

BRIDGING ORIENTATION 

Aerial triangulation is nothing bu t a multiple station orientation. Hence, exter

ior orientation - relative and absolute - may essentially be understood as the fun

damental process in strip and block triangulation. For any type of stereoplotter the 

basic unit, therefore, is the double image comprising two overlapping single images 

and defining an associated stereomodel. The classical determination of exterior ori

entation for analog instruments is generally a tedious task contributing virtually no

thing to production: analog orientation therefore is a nuisance. If stereocompi lation 

is performed in an analytical instrument, the process of exterior orientation has even 

become ent ire ly irrelevant. The reason is that, as long as the orientat ion data of a 

stereopair are known, i. e . stored and readily accessible to the real-time computer 

of the analytical instrument, the stereomodel can be compiled at any time immedia

tely after th e restoration of interior ori entation . Inevitable random observationa l 

errors on th e fiducials are suppressed below neg I igible threshold va lu es by a proper 

transformation (K RATKY, 1972). Geodetic or photogrammetric pass points in the 

two images are not required at all in this stage. 

In the purely analytical context, or ientation therefore becomes ent ire ly restricted 

to the domain of triangulation . Here, it has to be incorporated in the general tri

angulation process in a log ical, simple, natural, user-oriented, and highly interac

tive way. Th e orienta tion of a stereopair, therefore, must be co nsidered integral 

part of aerial triangulati on with an analytical stereoplotter. 

Moreover, it seems highly unnecessary to distinguish between relat ive and abso

lute orientatio n from an organizational view point. The on ly useful separation stems 

from the possibility to consider geometric conditions, th erefore to test the reliabili

ty of sections of the triang~lation network. A purely online concept of aerial tri

angulation must give the human operator a series of obv ious advantages in order to 

re lieve him from any kind of ted ious tasks. His main task must remain the precise 

measurement of points in th e stereomodel, and the system must guide him in the 

most convenient and safe way. As an example, en tries of point identification num-
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bers must be avoided to the utmost, perhaps even entirely. Also, the automated po

sitioning capability must be utilized to its extreme to the sole benefit of the oper-

ator. 

COMPUTER-CONTROLLED POSITIONING 

The operator should have the opportunity to continuously being able to decide, 

by simple means, on the accuracy state of the current mode l. This entails a mathe

matical approach geared towards a recursive or sequential sol uti on (MIKHAIL, 1973; 

DORRER, 1978). A properly designed real time program shou ld permit the human op

erator to update the orientation of the current stereoimage at any time and at any 

position. The whole mensuration process can be substantially accelerated by the au

tomatic positioning capability, if adequate functional and statistical a priori onform

ation is utilized. The better this information, the better the positioning, i.e., the 

less is the amount of necessary manual course settings in the stereomodel. Particular

ly important is that all types of triangulation points for connecting adjacent images, 

be distinguished from each other in order to initiate different actions. 

Figure 1 shows part of an automated positioning routine ("AUTO") that would per

form such a task. "AUTO" will be activated as long as the system has sufficient 

information about image points to be positioned. The information must be co ll ected 

from available control data and from previous measurements, and prepared for a lo

gical serial processing. Four triangulation point types must be distinguished, viz. 

-·- "old tie pointsn to previously measured stereomodels, and for which the image coor
dinates in the primary image are known, 

- "old control points" having been measured in the previous stereomodel, i.e. the image 
coordinates in the primary image are known, 

"new control points" i.e. control points not having been measured previously, 

"new tie points" for connecting the current model to the next model. 

"Old tie points" (OTP~s) and "old control points" (OCP~s) can be exactly position

ed by computer control in the primary image, i.e. the image common to the previ

ous model. Whi le OTP~s in the primary image shou ld be locked after positioning, 

the fine measurement of OCP~s must still be left to the human operator. Positioning 

in the secondary image, i.e. the new image, is on ly approximate, since both the 

orientation of the secondary image and the object location of OTP~s are not known 

exactl y . It is essen tial, in this stage, to make extensive use of a priori statistical 

:151. 



1-l 
lJ1 
N 

OJ/.JlO 

Pos;+i~ f.;.,._,.'Y ,· ... a,e 

Proied- do"'" \Too« pvi "<. 

iW'"'!J<>- -h> t ... iec-fol<;+-\0., 

o~ ec+ lltiDG(!lll 

Praje.ct~ fro...,. ,· .. ~,....t 

ctn' oo-1 ol:.jcJ- ~~ -h> 
sou.oqci·"'f ;..._.,.5C 

Posl ti.P"l Ofpf'Ox. $e{s'"'-d'i ry 

,·.,.. .. 'j e_ 

Lock p-lm.«f y .. O(p..._+!; 

P~i-\i ""' P"'""'''Y '"""~e 
P"'j~t.d· up Pv'-"' rw 

ob0e.cJ- "'-t.dde-j to ~e.< .. &«d

CI If j' 04A'\!)( 

Po.!>:tlo o<. OJ(ffJX:. >euM.<lc.ry 

..... ~e_ 

Prqicvt ue -M>"" ... ~ 
~i) col- w. .. do.{ tv p~ ... -
o.ry o.~ .reco"!J."'rj 
,-.,, ... c,~e._ 

fos itiOvt '¥f~- fVJ'"" •'Y 
.,..._J Se.c.ovtol'\7' !'w.'\jQ 

Fi g ure 1. Fl ow diagram fo r automated positioning of triangu latio n points 

Po.s;tt.,., pvlou<~ry 1\ .• ,_..g~ 

rroje.c.+ ~1)'-'l V\ f>-T>""" p,-i ........ 

;...._"'ere- +o ~ ..... +«-p) L._+;.,_, 

11b~ ev+ IM.Pd.e-1 

P~5eJ- Llf -fo....., 1-..j.:a,p~

cdto"' a~wl V~.< • cl-e{ tv 
s; e.c.o ... O.•vy i"""';:; e 

P~i-ll1>v1 ctfp~. Se.c.o.._J...,ry 
; ... <\~(.. 

/?.TJ<¢3 



information on the secondary orientation and on th e object (e . g . by interpo lation) . 

Only a recursive solution can give - step by step - opt imal results for positioning 

sufficiently close to the desired image points. "New control points" (NCP's) can be 

positioned only approximately in either image, "new tie points" (NTP's) may be po

sitioned exac tl y in one image according to a predefined point pattern, while in the 

other image only approximately. 

During computer-controlled positioning of image carriages the need arises as to 

whether a given ob ject point, i. e . either control o r inte rpo lated tie, actually li es 

with in the region covered by the current stereoimage. Theoretically the exterior ori

enta tionof each of th e two images has to be known and utilized. In o ther words, 

each object point has to be mathematically projected onto each of the two image 

planes, and then be tested for falling inside or outside a pre-specified image for

mat. This procedure may be denoted "windowing th e object". It is obvi0us that the 

degree of convergence in positioning will be directly dependent mainly on th e accu

racy of exterior orientation. No point identification numbers, though, need be en

tered or specified . 

Any automatic positoning of a point pair must be followed by a real time routine 

m order to allow th e human operator to manually perform course and fine settings 

to the exact point location , as well as to permit sufficient time for making decis

ions only the human can make . Such decisions are, e . g .: should the current point 

be used for updating the ori en tation or should it just be recorded . The real time 

program (F igure 2) must perfectly complement the computer-controlled positioning 

routine . An extremely useful feature is a programmed foot switch, called parallax 

sw itch, that interrupts the normal (primary) real time loop giving control to a secon

dary real time loop. Upon activating this switch, the operator would only gain con

tro l to the secondary image , thus observ ing parallaxes. Whether distinction between 

these two loops is made mostly by hardware (JAKS I C, 1978) or software, is immate r

ial. The parallax switch may be designed as discriminator between observed points 

to be recorded only or to be used for updating th e current ori entation. The two 

real time loops must safeguard improper activation of switches (see figure 2) . Thus, 

orientation updating ("ORIUP" ) is only possible if th e parallax switch is depressed 

in "AUTO" mode or in manual "CONTROL" or "TIE" mode. From a practical v iew 

po int, provision must be made for cancel I ing ("CANCEL" ) the prev ious ly updated 
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orientation by a "downdating" procedure. Also, a previously downdated orientation 

must be recoverable ("RECALL"). 

UNIFIED APPROACH 

Essential property of the mathematical model for such an orientation updating pro

gram is that, in o rder to optimally accommodate all these point types, a unique set 

of condition equations must be used. Since the coplanarity condition inherently con

tains no informatio n on the imaged object (e .g. object coordinates of control points 

do not occur), its use is limited. Only the collinearity condition is applicabl e to 

a truly unified approach to a general external orientation. Its theoretical incapabi-

1 ity to comply with stereoscopic measureme nts can be overcome by modifying the 

statistical model, viz. to incl ude cross-correlated image coordinates. This means that 

the covariance matrix for the four stereoimage coordinates is not a diagonal matrix 

if parallax was cleared stereoscopically. In fact only differences were measured in

dependently, yielding correlated image coordinates. 

All point types are then treated alike and by the same mathematical formulation. 

Fo llowing BROWN (1971 ), the stochastic model is extended further to accommodating 

different kinds of control by using statistical a pn on information for the object co

ordinates . If this approach is extended to include all other point types as well, a 

unified optima l solution can be expected . The following table exhibits the trace of 

the covariance matrix for image (Kx...) and object coordinates (KX) for the four tri-

angulation point types. 

Point Type tr>(K J) 
X 

tr(KxJ 

OTP 0 < ()oO 

OCP 0 < 00 

NCP >0 < 00 

NTP >0 ...... ()() 

It is essent ial that statistical a priori information be introduced as realistically as 

possibl~. E.g. the object position of a new tie point lying within a certain image 

may easi ly be est imated with an accuracy of several hundred meters. 

Unfortunately, this approach does not work from the very beginning of the data 
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co ll ectio n sch eme . As long as only insuffici e nt information has been gath ered, t he 

syst em underl y ing th e math ematical mode l is singular , and a unique optimal so luti on 

cannot be reached. E. g ., if suffici e nt control is lacking , the system w ill be unde r

dete rmined and will carry on its rank defici e ncy fo r a conside rabl e bridging distance . 

Th e prob lem is partic ularly serious for lo nger sectio ns without co ntro l. Th eore ti cally 

th e onl y way out of this dil emma is to conside r ori e ntation paramete rs as random va

riabl es and, by introduc ing prope r a prio ri informatio n, to pe rform a truly conditio n

a l adjustment, o r in modern te rms of estimate io n th eory, to process th e data through 

an optimal (recursive ) filt e r . This approa ch imposes no diffi culties fo r a sing le ste 

reopair , but results in a substantial inc rease in the number of equatio ns if mo re sta

tio ns are invo lved. Ultimate ly, however, this kind of approach will be chose n, par

ticularly whe n fast real time compute rs with fl oating-po int and array proc essors will 

be readil y availabl e . 

If th e ori e ntatio n paramete rs are treated a s genuine unknowns, the math ematical 

mode l takes the fo rm of a combined ad justme nt. Though mo re pl easing from a con 

ventional photog rammetric v iew po int, thi s approach is stochasticall y unreali sti c , fo r 

the inh e re nt infinite variances are definit e ly wrong . Practica l tests have shown that, 

a s theory wo ul d predict, a somewhat bette r fit is achi eved with the filt er approach. 

However, a e rial triangulatio n be ing o nl y concerned a bou t optimal fit of c oordinates , 

the combined adjustment approach seems fea sibl e . The probl em of rank defi cency 

for the unde rde te rmined case may be overcome by utili z ing a minimum no rm gener

ali zed inverse so lutio n. A conside rabl e amount of research has still to go into 

questi o ns associated w ith th ese two approaches . 

CO NCLUS IO NS 

O ri e ntatio n should be as gene ral as possibl e for a nalytical ste reoplotte rs , and it 

should be integ rated into th e triangulation proc ess . Th e human operato r must have 

th e opport unity to optimally update the current ori entatio n at any time and at any 

pos itio n . He must be abl e to reset th e ori entati on to a prev ious stage by remov ing 

already used data . Dist inc ti o n between diffe rent types of points must be made as 

simpl e as possi ble . Point identifi catio n numbe r entri es should be avo ided e ntire ly . 

Adequate use of statistical a prio ri informatio n must be made. Simpl e and log ical 

faciliti es must be prov ided for sw itching between pl otter mode and comparator mode. 
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Automated positioning according to available information must be as accurate as 

possible. This means that accurate orientation parameters be known at an as early 

stage as possible. Optimal recursive solutions are inevitable. 
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