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COMMISSION III

Atrial Triangulation - \érotri.mf>ulation Aenitriangulutiurt

President: Professor h.H. Thompson, I K, Saretar} Mr D\\ Proctor. \"K.

Tuesday Jul> 25 1972, 14:00

President's Rewcv. ior the u\irs 19(>S I9"2

In the President's Report for the period 1964 - 196S. the activities oi the Commission were said to be based

on the Resolutions passed at the Kith Congress in Lisbon m 1964. In particular it was mentioned that, as a

result, a Commission III symposium would be held sometime in the years hetween 1964 and 1968.

A comparable set of Resolutions were passed at Lausanne, but which did not include one calling for a

symposium although it was clearly understood by all concerned that a symposium would be held. Of the six

Resolutions passed perhaps only one. the last, has been the subject of any deliberate action, and it is with very

great pleasure that it can be announced that a most valuable report has been prepared by James M. Anderson

and Everett H. Ramey which has been included among the Invited Papers at the 12th Congress.

It has been the custom in the past to use the President's Report to give summaries of activities in a selection

of countries. It is to be hoped that a departure from this practice will not cause undue criticism. All the

information relevant to Commission III is, or should be. included in National Reports, and it is desirable, with

the ever-increasing volume of printed matter, to avoid duplication.

Again, it has been the practice to close a Congress with a set of Resolutions put forward by each Commission.

One must not expect too much from these Resolutions. They are in the nature of exhortations based on what

the leading workers in the field think are the desirable directions in which to proceed. If they are ignored

completely, the loss will certainly be to the various institutions at which Aerial Triangulation is carried out;

but, only when a working group is set up with specific terms of reference, can one expect any direct reference

to a Resolution. Now it may well be that the Resolutions as formulated are taken by members in this spirit,

but, by the way in which they are formulated, they may be regarded on the one hand in a more mandatory

spirit, and on the other as not clearly setting out what the Commission members meeting at a Congress think

should be done. For example, Resolution 1 (a) of 1968 says that "Data Acquisition is a theme of interest".

What exactly is meant by that?: more to the point, what did I mean by that? for I was one of those who helped

to draw up the Resolutions. It would, surely, have been much more valuable if we had said in what way

methods of data acquisition were then unsatisfactory and how they might have been improved. I wonder if it

would not be better therefore, if members agree, to confine Resolutions to those which the Commission expects

to be carried out before the next Congress, and to include the exhortations in the form of a review of the

position reached at the date of a Congress, together with guide lines to the direction in which we think progress

should be made. I hope perhaps that consideration might be given to this idea, which can be discussed

privately, and that we can find opportunities for open debate. There are obvious difficulties, not least of which

is to find someone capable of preparing a coherent statement in the available time.

I might add that, if my proposals are adopted in principle, I would have been under an obligation to hold a

symposium, and it would not have been left to my discretion. In fact, we did hold a symposium in London in

1971, and I would not be able to face you now if I had not.

The papers read at this symposium have now been published and circulated to those who attended the meeting,

and further copies are available. When one is in the chair at a meeting, it is impossible to say if it is a success;

but, it did satisfy the conditions ofbeing a small meeting ofeighty invited delegates, and the discussions were

certainly lively, and, as far as I could understand them, well-informed. I am afraid we English-speakers are

becoming very lazy for, as time goes on, we more and more assume that everyone can speak our language. At

the London symposium we made no provision for simultaneous translations, and there were no criticisms of

this. Certainly those for whom English is not their mother tongue presented their papers with complete clarity.

May I assure those who think that we English-speakers are in an enviable position, that there is another side

to the coin. We have to accept the fact that we now have International English as well as the Queen's English.

Those who speak uncommon languages can be thankful they have only themselves and their own newspapers

to blame iftheir language is debased. But perhaps we should have made provision for recording and publishing
the discussions. I do not myself think, along with some, that "the discussion is the most interesting part of the

paper". If we are honest we should admit that discussions are often illconceived and inconclusive; .and,

although there are those who have carefully studied the paper under discussion, and come prepared with valid
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criticisms, mail) of us speak near!) impromptu, dnd often express nothing hut well-worn prejudices. However,
that is not to say either that discussions are not worth holding or that ever)one agrees with me about recording
or publishing them. Nevertheless. 1 think we should now decide whether, if the intention, as I suspect, will be
to hold a symposium during the next quadriennium. the discussions that will inevitably take place should be
recorded.

What can I say about the progress of the subject since the last Congress? Things tend to change slowly, and
it is not perhaps easy when one is close to events to sense trends, but I have the general impression that there
are signs of a crystallization due I think to the improvement and development of computers. For man) years
now there has been controversy about the correct methods of computing aerial triangulation, of which there

appear to be three: the use of polynomials; the use of formed picture pairs as building blocks: and the use of
independent perspective bundles. I hope that our discussions at this Congress will point the way to the most

profitable direction in which to move. However, let me say that one point is clear. Much time and trouble has
been expended in the past, not least by myself, in devising methods that show some economy in computation.
I now have the feeling that this is no longer a worthwhile goal. Within reason, all computation is possible, with
one exception, to which I shall refer below; and for serious aerial triangulation the goal is clearly to arrive at
the method of computation that will give the most accurate results from given data. This is not a simple
problem to solve in practice, for the main reason that real data differs so very much in its reliability. For this
reason the Commission set up the Working Group to investigate the results of"different methods of calculating
from the same data. Our session on Wednesday is devoted to hearing the Report of this Working Group, and
we shall have some time to discuss it, and. if necessary, I shall try to find further time for this most important
subject. It would be wrong of me to give my views here, but even if we do not find we can arrive at a final
conclusion, I hope that the Report and the discussion will serve to give us firm guide lines for further work.

You will notice that we are still interested in the use of Auxiliary Data. It is obviously useful, but equally
obviously its use gains little ground. Let us not be despondent: the same phenomenon can be observed in the
progress of ground triangulation. When I first became acquainted with geodesy, auxiliary data was very little
used; but it is becoming more and more popular, and the reasons are in some ways similar to those that obtain
in the air. The Theodolite, like the air camera, is a simple straightforward instrument, and there has been a

great deal ofreluctance to complicate the acquisition of data with unreliable and awkward apparatus; it is more
than enough that the aeroplane will fly, and that the photographer has taken off the lens cap on a fine day. But
if installation is made easier, and the apparatus becomes more reliable, then auxiliary data must come more

and more into its own.

I have written elsewhere on the tendency of photogrammétrie plotting equipment to become more and more

expensive and complicated: not, I think, because this is necessary or inevitable, but because no effort is directed
into the opposite direction. Much the same tendency is to be observed in aerial triangulation. Highly
sophisticated methods are being developed, and are being used by a few organisations, but it is only too obvious
that many practitioners are being by-passed. I may be told that this is precisely what happens in ground
triangulation: only the largest organisations carry out geodetic triangulations. But the case is a little different.

A geodetic triangulation occurs relatively infrequently (we have had two only in Great Britain in a century and
a half) and covers a large area. The surveyor of topographical maps or large scale plans does not expect to carry
out his own geodetic triangulation. But an aerial triangulation is a massive operation closely linked to the

mapping itself, and the two processes are seldom divorced. If methods of aerial triangulation are not within
the competence of the practitioner they will not be used, and this is precisely what is happening in small

organisations throughout the world, although with some notable exceptions. Aerial triangulation can always
be avoided if sufficient control is available on the ground; and, as the density of this control is reduced, the

aerial triangulation methods become more and more elaborate and massive. Is there not a place for something
intermediate between no aerial triangulation and the full orchestra? I know of workers who are considering,
and have considered, the instrumental side of this problem: how plotting equipment may be used to acquire
the data, or how data so acquired may be transformed to a suitable form for calculation. But this is only one

side of the problem, and not perhaps the most pressing side. The average, self-styled photogrammetrist does
not like arithmetic. I know of some to whom the division of the sum of four numbers by four is a hurdle to

be avoided if possible. It is for this kind of man that something must be done, if aerial triangulation is not to

remain an esoteric exercise for those of us who can count beyond 10. It is surely possible to develop methods

that are less efficient in a statistical sense than the best methods, but which will give acceptable results with

considerably less effort by a slight increase in the control density? The large organisations are concerned to

reduce ground control to the lowest possible density, but is this necessarily the right line for all of us? I am sure

there is here scope for those of our members whose ingenuity is perhaps not being fully exploited by the

computer.
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Discussion of Address by E.H. Thompson

F.A. Ackermann. Verbatim recording is difficult and frequently unsatisfactory, and puts a burden on the editor.

I think a brief summary of the discussion should be prepared by the secretary of the symposium and published
in the proceedings.

This was agreed upon as guidance for future symposia, to be applied at the President's discretion.

S. Degual introduced his presented paper "Use of the Galileo Digital Stereocartograph for Analytical Aerial

Triangulation". The configuration recommended for triangulation is a Stereocomparator linked with a Loben

8K computer with fast paper tape recorder. Parallax is eliminated at 5 to 12 points, and the computer performs
the relative orientation and subsequently removes parallax from the stereo model. Pass points and control

points are observed, and xyz model co-ordinates are punched on tape. The next pass through the computer
connects the models together, and performs a linear transformation on up to 12 control points. This is often

sufficient; but, in further cases, a third phase is block adjustment, which can be on the same computer, provided
the 32K version is used. In response to a question, the reason for using paper tape is that it is cheapest. Punched
cards, magnetic tapes or discs may be used.

C. Togliatti introduced the presented paper by F. Sanso "An Exact Solution of the Rototranslation Problem ".

The problem is to obtain a similarity transformation, which includes a possible large rotation, without the use

of initial approximations or iteration. Quaternion algebra is used, which offers the advantage of allowing the

same representation for both vectors in 3-D and rotations. Both co-ordinate systems are referred to the centroid

of common points as origin, thus eliminating the translation. The quaternion of the rotation is found as the

eigenvector associated with the smallest eigenvalue of a 4 x 4 symmetric matrix. The 3x3 Rodrigues matrix

of the rotation is formed from the components of this quaternion. The accuracy of the iterative determination

of the eigenvalues, and the influence of measuring errors on the computed rotation, are studied also.

G.H, Schut. 1 draw attention to my publications on this subject, the latest being "Strip Formation from

Independent Models", (Photogrammétrie Engineering, July, 1968). Quaternions are here replaced by 4 x 4

matrices. The four parameters of the Rodrigues matrix are determined from exact linear equations, four for

each control point. There is no need to compute eigenvalues and eigenvectors. Recent tests show that the results

are virtually indistinguishable from least squares minimization of residuals at the control points.

U. Rauhala introduced his presented paper "New Solutions for Fundamental Calibration and Triangulation
Problems". The paper considers the use of generalized polynomial and harmonic interpolation in calibration

and triangulation problems, and combines photogrammétrie and ground survey observations in one

adjustment. The advantage is that better arrangements can be made for the isolation and reduction of errors

due to targetting, misidentifkation of targets, and of errors in observations. Tests indicate a high accuracy in

the determination of co-ordinates of new points.

T. Leberl. I think interpolation methods such as these are only an advantage with a regular pattern of points,
and employ high order polynomials with all the dangers of obtaining poor results, even though the residuals

at these points may be small.

U. Rauhala. Interpolation is very effective with regular points. Irregular distribution is a disadvantage, but not

more so than with other methods. The danger can be reduced by normalizing the polynomials, and using a

k-vector technique.

Wednesday July 26 1972, 14:00

Invited Paper: "Experimental Research in Block Triangulation" - Summary ofWorking Group Reports into

use of Simulator Data in Aerial Triangulation.

Co-Chairmen: J.M. Anderson and E.H. Ramey.

Discussion

R. Förstner. We used the lowest number of check points, because we used the same ones for all cases A,B,C.
Therefore, in cases A and B, we did not use all the available checks, though other participants did.
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E.H. Thompson. There are enough check points to make the difference insignificant.

E.H. Mikhail (on hehalf oI'D.C. Brown». Percentage drop in standard deviation is unrealistic, the percentage
drop in variance is more realistic. Also, iteration may not have terminated, in some adjustments.

G.H. Schut. As participant 1.1 did not consider it realistic to adjust without the two extra controls in the edge.
I consider the difference between participants 8 and 1» (Tables 2B and 2C) significant and worthy of further

investigation. The comparison of polynomial adjustments requires care because ofvariation of methods. The

use of secant plane heights rather than terrain (geoid heights) tends to give a favourable bias, since their

computation is not always practicable.

H. Ebner. Methods of block adjustment should be considered in three categories: strips (polynomial), models

(simultaneous absolute orientation of all models in a block) and bundles of rays (simultaneous adjustment

photographs). With comparator observation, bundles ought to be used, but the advantage of the model method

is that either comparator or analogue plotter observations may be used. The Stuttgart model adjustment
PAT-M, costs less that SI /model.

J.B. Case. The theoretical advantage of the simultaneous (bundle) method is that it can make better use of

realistic weights, auxiliary data and allowance for errors of secant plane conversion.

F. Ackermann. The interpretation of the results presented should indicate whether they agree with theoretical

expectations. The comparison of analytical and model methods agrees with our theoretical findings, and

generalizations may be made concerning the random error case. However, I raise a warning when systematic
errors are present, where the comparison may vary. For example, in the OEEPE test block of about 200 actual

photographs (presumably with some systematic error), bundles gave a worse result than independent models,

contrary to theoretical expectations.

Friday July 28 1972 9:00

Invited Paper: "ISP Investigation into the Accuracy of Photogrammétrie Triangulation" by K. Kubik and J.

Kure.

Panel discussion

D.W. Proctor. I ask the panel to consider, not only the results tabulated in the report, but the whole question
of further research into block adjustment and the computations which precede it. We have had reports now

on tests with simulated data, and of practical adjustments, and must consider the future programme of

Commission HI in this direction.

F. Ackermann. Considerable work has been done on research into theoretical accuracy studies and controlled

tests (i.e. special or simulated photography). This should immediately lead to a new programme of work for

the next congress. Included in this should be statistical tests.

Analysis of practical results might pause for a year or two, as methods are currently in a state of change.
At Stuttgart, about 30 blocks have been adjusted for cadastral purposes with consistent results: independent
models observed on analogue instruments gave (r2 in the range 6 to 12 /^m, stereocomparator observations 5

to 7 i"-m. These are all signalized points. With artificial marks for pass points etc., o-2 becomes 15 to 25 fm.

The significant difference is the use of signalized points. A block adjustment process is used, even when there

is enough control for each model to have an absolute orientation.

G. Togliatti. The data in this report is only significant in representing the present state ofaffairs. The analysis
inevitably considered non-homogeneous data, and extrapolation of the results would be dangerous. I agree that

theoretical studies should continue, and any further practical analysis should be very selective.

J. Kure. A number of responses were excluded, owing to unreliability of the data. One factor is that some

organizations do not need the highest obtainable accuracy, and are therefore justified in using less refined

techniques. Some use very short bridging distances, 2 or 3 models, in some cases supplying 16 extra controls

for the purpose; this is hardly aerial triangulation as we would understand it.

J.M. Anderson. Theoretical and practical studies should both continue. If the start of the analysis is delayed,
I know from experience that there will be difficulty in obtaining results before the next Congress.
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K. Kubik. The question of signalized pass points is an important one. and requires separate analysis.
General Discussion

H. Ebner. I wonder whether the différente in accuracy between the bundle method and others is partly-
attributable to different block si/e and control densitv !* think «". is influenced hy errors in ground control -

these should he weighted accordingly.

S.K. Ghosh. There is a saturation of theoretical studies Auunity depends on many factors, and I propose
research into fundamental problems, with the emphasis on practical systems.

E.H. Ramey. NOS obtain accuracies similar to those quoted by Ackermann. Signalisation of control is vital,

and the configuration of the block is also an important factor. The data analysed in the report was too variable,

and standardised tests would be preferable.

K. Torlegard introduced the presented paper "Accuracy of Block Triangulation" (co-author J. Tabs). In

addition to points noted in the abstract, he found that <r: is dependent on the accuracy of ground control and

the geometry of the block.

Friday July 28 1972, 14:00

Invited Paper: "Theoretical Accuracy Models for Block Triangulation" by H. Ebner.

Panel discussion

F. Ackermann (Chairman ). It seems that theoretical studies of the effects of random errors may not be worth

pursuing further. I suggest that the panel, in commenting on the results, might like to consider further studies

of compulation, and whether there is any evidence to judge the extent to which the conclusions derived from

theoretical studies are borne out in practice.

D. Osché. The study is interesting and valuable, but I was surprised that only regular control patterns were

considered. To what extent will the findings be modified with an irregular distribution as found in practice?

H. Ebner. With 60% sidelap it should make little difference, also for planimetric control with 20% sidelap.
However, irregular height control with 20% sidelap will have an effect.

K. Kubik. I agree that random error assumptions will not yield further information. There is a need to consider

systematic errors, and study should be concentrated towards the actual errors which occur, and their effects.

J. Talts. I agree, but I think the sources of systematic error are more within the province of Commission I, as

they are introduced during primary data acquisition (photography). There should also be concentration on

finding blunders early, as large blocks are expensive if the adjustment has to be performed several times due

to undetected blunders.

H. Ebner. Large blocks are not really a problem. Two presented papers ("The Computation of Large Blocks

with Anblock and its Application to Geodetic Surveys" by P.RJ. Boniface; and "The Planimetric Adjustment
of Very Large Blocks of Models: its Application to Topographical Mapping in Canada" by J.R.R. Gauthier)
deal with blocks in excess of 2000 models, and blunders should be easily found, and will be, if 60% sidelap is

used.

General Discussion:

U. Rauhala. Systematic errors can be reduced by interpolation methods; and the simultaneous adjustment of

ground survey and photogrammétrie observations should give better results, indicate gross errors of targetting,
and reduce the cost of ground survey by allowing a lower accuracy more homogeneous with

photogrammetry,

K. Kubik. The structure of a photogrammétrie block can be subjected to a mathematical strength analysis.
From this point ofview, 60% sidelap is a definite safety factor. The extra expense might be justified on these

grounds. Also the redundancy of observations which this provides can be used to eliminate gross errors.

J.B. Case. An alternative theoretical approach is to consider the effect of auxiliary data, both as a safety factor

and for improved accuracy. As for the simultaneous adjustment ofground control and photogrammetry, it has

some theoretical merit: errors of ground survey co-ordinates are highly correlated in a manner known only if
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a variance-covariance analysis is earned out. Simultaneous adjustment should give the most unbiased

results.

Presented papers

H. Meixner introduced his presented paper "A Universal Computer Programme for Analytical Aerotriangula-
tion", describing the adjustment programme at Stuttgart. Attention was drawn to the high rate of convergence,
and thus low computer time, even with large blocks, (i.e. OEEPE Test, Oberschwaben, 208 photos).

T. Schenk introduced his presented paper "Investigation into the Condition of Normal Equations in Block

Triangulation by the 'bundle' Method". Considerations include the relative merits of iterative or direct

methods, and precision of computation (stability, rounding errors, etc.).

Monday July 31 1972, 9:00

Invited Paper: "The Use of Auxiliary Data in Aerial Triangulation" by J.M. Zarzycki.

Panel discussion

E.H. Thompson (President). Economy has been mentioned, but this should not precede technical requirements.
I ask the panel to consider all aspects.

H.H. Schmid. Aerial triangulation comes within the field of interpolation, especially with non-vertical

photography. Auxiliary data provides additional geometrical data, but needs to be used simultaneously in the

adjustment. There are photographic errors (i.e. refraction near the aircraft) which are not easy to introduce

in any conventional way. The inclusion of auxiliary data in an adjustment does not produce mathematical

problems, but weighting is an important matter if the data is not to upset the internal geometry.

M. Cunietti. We have limited experience of instruments other than statoscope and solar periscope. One thing
is clear in Zarzycki's paper, that there has been no recent improvement in the accuracy of auxiliary data

equipment. All the effort seems to be towards photogrammétrie application, not improvement of the actual

data. Current situations can be improved if we concentrate on more refined equipment like that used on the

moon, and we should be looking to the future.

J.M. Zarzycki. More accurate systems are very expensive, and I have concentrated on those which are more

likely to be economical. Somehow we must greatly reduce the ground control requirements in remote and

inaccessible areas. I agree that auxiliary data should not be reduced to each photograph, but should be applied
through some form of smoothing procedure. I, too, am concerned by the lack of improvement in instruments,

but I did not cover this as it is a Commission II matter.

G.H. Schut. Based on our experience at NRC in the use of APR, I agree with Zarzycki that APR and statoscope
can considerably reduce the ground height control requirements. The APR data should be introduced in the

adjustment stage, rather than in the triangulation stage. We get a satisfactory height adjustment by using the

APR height data in a smoothing procedure. Similarly, clearances can be used in a smoothing procedure to

determine scale to an accuracy comparable with that of an adjustment, whose polynomials and a liberal amount

of ground control are used. It is surprising that so little use has been made of auxiliary data.

It is not correct, as Zarzycki stated, that the use of polynomials introduces a significant geometrical
deformation into individual models. This use causes problems at the compilation stage, only in the case of a

poor fit between strips because of the meaning of the co-ordinates of tie points.

H.G. Jerie. I reported 4 years ago on this subject, and I am disappointed to see no advances. Only APR is used

to a large extent, and only for large projects. Schmid is right in saying that the geometry of the bundle is

imperfect, but most users seek a lower precision in which this is barely significant.

I.S. Jacobs. One reason for not using auxiliary data is the existence of adequate control.

H.H. Schmid. When seeking accuracy of 4 or 5 fim there is little scope for auxiliary data, but in the 15 j^m

range there is more application.

P.R.J. Boniface. In answer to a remark by E.H. Thompson, in my design for a solar periscope, two small

cameras are linked back to back, and exposed simultaneously with the survey camera to which they are
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attached. The relationship with the Litter is obtained irons the photogiaphs of the downward-looking small

camera and the survey camera I ittle interest has been shown in this development by the manufacturers.

J. Kure. in Saudi Arabia, 3<Mi0H ime kin cover hah the country m a net öS 150 \ 5n km polygons for 1 50,000

mapping. Only one line of ground levelling exists, una lonti km away is the Red Sea suriace. I hree stages of

smoothing (statoscope. clearances, APR ) were applied in a computer programme, and some data was iejected.
Results may be summarized- statoscope tr r= 2m. clearance <r = 2.5 m. APR <r = 2m. overall rinse 1.3 m.

A number of check points weie picked up and none were in eiror by more than 3m. The stability of the

isobanc surfaces appeared to have been much better than expected. The Henry collection does not allow for

changes in the surface with time, or changes with drill during a strip. With strips of up to 150 models this was

significant. The higher accuracy of the laser profile! will demand hetter knowledge of isohanc surfaces

F. Ackermann. We are developing a programme for adjustments with APR and statoscope data, but cannot

report results yet

Tuesday August 1 1972, 9:00

Invited Paper: "Systematic Image Errors in Aerial Triangulation" by K. Kubik.

E.H. Thompson. Errors are random, constant or correlated. I do not like the term systematic. The correlation

is two-dimensional serial correlation, rather neglected by statisticians who have covered linear serialization.

H.H. Schmid. It should be borne in mind that a least squares adjustment gives a consistent set of results, rather

than the correct result. The distribution of residuals gives an estimation of systematic error, but a

variance-covariance matrix should be used to estimate the variances of the parameters. The study of

pseudo-inverses has an application in this work, and which will define the inner structure and correlation

within the system.

E.H. Thompson. It must not be overlooked, however, that least square methods have considerably improved
the results of blocks of aerial triangulation. Some correlation of residuals found in the dispersion matrix may
be due to algebraic processes, and not entirely correlation of the observations.

G.H. Schut. Simple polynomials were derived by G. de Masson d'Autume to correct for certain assumed strip
deformations. I tested these, and they need minor modification, but, in general, they give the required effect.

Kubik considers deformation at the photograph, and different polynomials are required to correct for these

deformations. Anderson and Ramey used an actual example of film deformation and camera calibration to

apply to the simulated block data. H. Ziemann has endeavoured to fit polynomials to this deformation, and a

very high degree polynomial is required (24 terms). The use of high degree polynomials can be expected to

give unsatisfactory results, and we may have to look for other methods.

G. Ducher. Monsieur G. de Masson d'Autume regrets his absence, and I would like to describe his paper.
Corrections were applied at the plates in an experiment, and the effects investigated for Kubik's four types. The

separation of systematic and random errors is difficult. High degree polynomials may lead to inappropriate,
or even indeterminate, equations. We will apply corrections, based on a statistical analysis of results of the first

adjustment in a repeated computation, after first being filtered for random errors. A few iterations should be

enough to reach stability, but this is early in the investigation at IGN. In conjunction with a better knowledge
of the nature and magnitude of systematic errors, there should be an improvement in accuracy.

E.H. Thompson. It is not so much that the determination of higher degree polynomials is poor, as that they
are not appropriate, and the coefficients are often not significant.

K. Kubik. The four types ofdeformation I considered are not supposed to represent actual deformation. I used

them as an example.

G.H. Schut. The use of a smoothing method, as discussed by Mr. de Masson d 'Autume in his presented paper,

may be the best solution to the problem of systematic errors. There are many publications on smoothing
methods in other disciplines, and these are worth investigating.

H. Ziemann. If you have no influence on photography, then you must make the best of the errors in it. I think

errors can be reduced, by the use of a réseau, or else the inclusion in the project of a test field for the system

calibration. The deformations in typical practical examples of photography are very variable, and do not

conform to any particular pattern. A new and improved camera with a réseau should be useful; at present I



am unable to get better than 4 /im pointing accuracy in the corners where pass points fall. The deformation

pattern remains approximately the same for one camera/magazine combination, particularly the larger
residual vectors. (See his Invited Paper in Commission I).

J.B. Case. I support the iterative procedure with analysis ofresiduals, but in the first iteration the ground control
should receive a high weight, or systematic errors will go into the control co-ordinates.

H. Ebner. The effect of systematic errors is very dependent on the bridging distances between controls. If

systematic errors are introduced into the stochastic model, a very big covariance matrix results; they can also
be introduced as weighted observations with expectations. In this way the programme is simpler and more

general.

K. Kraus. Kubik suggests use of correlation theory. I have done this for two years, and have published a full

description. It is used to correct triangulation after adjustment. Better homogeneity of the maps results,

especially with sparse control. There is a presented paper available (Paper HI. 18 with E.M. Mikhail).

M. Cunietti. We need to look at the physical aspects of errors. I believe that it is possible to determine the trend
and nature of systematic errors by studying the strips themselves, without needing too much ground
control.

H.H. Schmid. The sources of systematic errors are of concern to both Commissions I and II, but if they cannot

be eliminated, Commission III must seek ways to correct for them.

Friday August 4 1972, 10:45

Invited Paper: "Measuring the Moon with Apollo 15" by L.A. Schimerman.

Panel discussion

F.J. Doyle. A control network, established from earth-based astronomical photographs, has an accuracy that
varies from 1/2 km to 3 km from the centre to the periphery of the lunar disc. There are differences of up to

100 m between various libration models which indicates a significant uncertainty.

The relative timing of photographs in one pass is good to about 1 m sec, the relative times between

adjacent passes to 5 m sec, and the overall accuracy on UT is only about 20 m sec. The lack of Doppler tracking
data, when the spacecraft is behind the moon, also reduces the accuracy of the ephemeris. It is unlikely that

this photography will significantly improve the knowledge of lunar long (several years) and short ( 1 month
or so) period librations, or gravity field, owing to the very short coverage and short isolated periods of

photography. 20 Apollo missions were planned, the last six to have metric cameras; the last three have been
cancelled. Apollo 15, at a 30 "inclination, only covered about 10% of the surface. Apollo 16 had an inclination
of 10%, and much of its photography duplicates that already obtained. Apollo 17 is planned for Dec. 1972;
80% of its photography will duplicate that of Apollo 15 and 16, and the three together will achieve 16%

coverage. There are hopes for a photographic mission in a polar orbit, but if this takes place, it will not be
before 1980.

H.H. Schmid. Ranging to the emplaced corner cube reflectors has a precision of about 30 cm, and the data can

be fitted to the lunar motion to about ±10 m. This is a continuing programme which should result in

improving knowledge of librations. The photographic problems are basically those of timing and the

inadequacy of the coverage, because geodesists have only a minor influence on mission planning.

D.W. Proctor. Although today's speakers regret the low coverage, and cannot greatly influence planning, they
are personally largely responsible for the great improvement in the metric properties of lunar photography
since the days when cameras were used in which neither the lenses nor the réseau had been calibrated. Another

significant point is the example to terrestrial photogrammetrists of the use that can be made of auxiliary data

when the need arises.

E.H. Thompson. One source of this data is not normally available to terrestrial photogrammetrists; the
simultaneous use of a stellar camera.

F.J. Doyle. There are plans for earth-orbitting vehicles with metric cameras linked to stellar cameras, and

supported by many tracking stations. Such a system should be able to establish control suitable for 1:25,000
mapping in those areas where no such control already exists; the techniques developed for the Apollo missions
are capable of doing this.
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