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The purpose of this project wes te present & tast precedurs with
methods and techniques for evelustion of accuracies ebtained in a
simultanecus adjustment of dats from more than one photographic satellite
aission. The requirsment for a Test and Bvaluatiom Plan becams evideat
when it was deteruined that a2 cowplete void existed in the area of testing
the results from s simultameous, maiti-nizeien sdjustmsnt of all BARY
uissioas, While this ylan is presently directed towmyd the mitltipls
orbit adjustwent of the existing BAFF photegraphy, it is designed to be
sufficiently genersl to be applisd te any photogrammatric adjustasnt
ewploying axbital constraints. The approsch esployed comsists of a
series of discrete phases. The first step concems the gemeratiom
of an ephermeris from a reduction of the mmterials. Through an analysss
of the residuals generated on mission data, systemmtic exters csa de
recognized sand resoved. After the systemstic errers have bees reselved,
the adjusted exposure station data will be used te compute ths pesitions
of knowa geodetic comtrol points with associated erter propagation.parsastars.
The evaluation of the predicted errors in comparison with the known true
positicmal error represemts the fina]l phase of ths testing effert.

The author has arranged the repoct te highlight the astual watheds and

techniques for thw testing and evalustion outlined in Sectiom 1XX,

Test Proceduras. In recognition of the iwportance of the statistieal

nature of the plan, sll attewpts bave besu made te estabiish s methommtigal

and philosophical ground werk for the final description of the plan. The
discussion presentsd em the accuracy and precisicn significance of the adjustwmmt
prodlea is both comprebansive and pertineat to the problam st hamd. In
recognition of the pesulisrities of the multi-uission veductiona of DAF?Y
missions, many expansive and time covsuming statistical tests for the

goodness of fit of residuals couid be performsd. The Studeats "¢¥
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The purpose of this project was te presemt & test precedurs with
methods aud techniques for eweluaticn of accuracies ebtained in a
similtansous adjustmant of data from more tham eme photegraphic sstallite
aission. The requiressnt for a Test and Evaluation Plan becams evideat
vhen it weas deteruined that s complete void existed ia the area of tasting
the results from s simultanecus, mlti-missien adjustmemt of all MIY :
uissisns, While this plsn 13 preseatly directed towsrd the miltiple
orbit adjustusnt of the existing BAFF photegrephy, it is desipeed to be
sfficiently general to be applisd te any photogrammstris adjustment
employing orbital constraiants. The approseh ewployed cemsists of a
series of discrete phases. The first step concems the gemeratiswm
of an ephermaris from a reduction of the materials. Through an anslyses
of the residuals generated on misaion data, systemmtic ervers can bs
recognized and removed. After the systematic errers hawve besn reselwed,
the adjusted exposure station data will be used te computs the pesgitiocns
of known geodetic coatrol points with associated erver prepagatien.paremstars.
The evaluation of the predicted errors in comparison with the known true
positismal erxor represents the finel phase of the testing effsxt.

The author has arraaged the repoct to highlight the astusl matheds and

techniques for the tastiag and evaluation sutlined in Sectiom XX,

Test Precediures. In recognitiom of tha {spectance of the statistical

nature of the plam, 8ll attespts have bosu made te establish s methemmtisal

and philosophical ground werk for the fina] dascriptieon of the plan, Tim
discussion presentesd om the sccuracy and precision sigaificance of the adjustwmat
problem iz both cosprehendive and pertineat to the prodlem at hasd. In
rocogunition of the peeuliarities of the milti-mission reductions of DAFP
nissicns, many oxpansive and time consuming statisticsl tests for the

goodness of fit of residuals could be performed. The Students "t*
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u;niti.cuieo test for mean sad F-ratio significance test for wvariaace

are sufficiently slegent to msat all demands for error amalysis and do

not place & tremsndous computational burden om the wser. The aspects of
these twe tests that Lave led the Contracter to this choice concera the
"safety factors" builr into the tests used snd the fact that the tests
can be used with coaftidence even if the distributions are nom-norual.

In addition to a statistical discussien, ths contents of Appendix B

help to represent the supporting mathematics - equaticus sod formulae -
necessary i a couwplets set-up of the testing and evaluation progran.

The description of the actual test procedures used in assessing the
accuracies obtainable from s simsltaneeus muiti-missien adjustment is

in sufficient detail te be impmdistely applisd te the DAFF data reductions
and general emsigh to be applied te futyre analyses. The test is aimed

at detarmining the aceuxacy of a point en the greund that was positiened
by pbotograsmetric intersection fxom two or mere exposurs statiens whoes
positiouns have been obtained from the erbit adjustment. A brisf

emphasnis is made by the Contrsctor concerniag the pxeblems of cowparvsative
evaluations of mslti-mission reductiens utilising RECAP and YRACE. The
difficulties of such comparative analyses becoms {mmgdiately spparemt
even with the few comments wmade by ths author. In ordar that systematie
errors be detected, the obsarvation residuale are divided into subsets
based on some physical characteristis sad then a cowparison is medse of
the msan and varianee of sach subeet to am squiwslent statistic for the
full set of residuals. The residuals for rsage, tracking cemsras,

control points, and rolative gsometry peints sre gamarated, collected
ssparately, and then the two statistical teats - Student’s "t" sud "P-ratio" -
applied. A tabuler displsy (an exswple fs countained in Appewidix A of
report) rspresents the failwre, magnitude and frequency for & particmlar
charactaristic residual and permits further amalysis fer systewstic errer
identification and subsequent re-adjustasmt. Thess systmatic ervecs,

of course, can be mission dependent, datus dependent, trscking imstrumsntatiom
depemdent or a combimation of depandent exrers. The Camtracter was act

to provide a means for identifying the charactsristic of swvery possbie
erTor source 8Men in a particular residual snalysss. The suthor has,
hovever, provided the guidelines needed for meking a logical daduction

of a particular systematic error. Although the user is extremely

capable in the technolegiecal ares of the processing, transfor, snd
wsnsuration of photogrammstris data, the Contracter has cutlined presedurss
for these particular items to insure that such procedures are standardined
fer the test. Cowputation ef che sheck poiat pesitiens sad propagation eof
orrors through the associsted weriance - covarisnse matriz provides the
data nseded for subsequent accumuey amslysis statemsmts. A check eof auch
position statemsnts agaiust the known tims check psint pesitions will
provide the meeded imforwmticn to determiune vhather or mot all systemstic
errors in emposure station positions bave besn reduced balew & randem
8rTor Beise level. The sasple of the cowputed chask point positiems fall
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‘withia a particular probebility sllipiseid {a 90% prebability ellipisoid
was chossa by the Centractor) them tie coordinates of any unknown points
can be computed and with a high degres of confidence. In other werds,
all the systamtic ervors have been sliminatad and a trus accuracy
statement for this peint is availabls, which of gourse is the whole
purposas for the geasratiom of the Test and Evaluatiem Plan. Nothing in
this plan reflects an originel msthamatical formulatien te solve this
problem. The plan does, bhowever, represent a refreshing approach to a
sorious problem wvhich has beea neglected for tee leng.

The Tast and Eveluation Plan contatued in the final report represents
an excellent wehicle for amalyzing the simultansocus msltipls-mission
adjustasnts of the DAFF wmissions and apy future reductiouns. This gsnersl
eritique statemsnt includes eseh and svery aspect of the report. Altbeugh
specific formulations, tables, sxawples, and descriptions vere made by
the suthor, the plaun is really designed to place flexible guidelines a»
to the final eveluastiona, metheds, snd techniques and emables the user
to bring to bear om the problem of RAFF mnission smalyses, che mximm
in-house talents amd sxperience, Notations on specifie itsws should de
made. The statistical tests suggested by the Comtractor will surely
be adequats for evaluatisn for gecdness of fit and overall systewstic
error elimination. Since these tests are probabdly a2 1ittle diffaremt
than thoss noxmlly used, it is worth meting thet particular advantage
realised in this problea of multi-uission reductions. The mmin poimt:
is that a high confidenee in results of the analyses is pessible even if
the data tested is a possible wea-normal diatribution. The problem of
comparing RECAP amd TRACK reductions s importaat to the fmmediats snalysas
of DAFY missiouns and it had been hoped that the plan would include in a
more dafinitive fashion a procedure to perform this cosparisen, MNowever,
in noting the extrems complexity of such analyses, the plan provided will
repressut the departure poiat for cesparative anaslyses asd this deficiency
is not {n amy way seriocusly detrimental te the coutent and ultfmate
purpose of the plan. The report did mot cover svery pessidbility that may
be encountared ia systemstic error defimitions. The very ssope of the
problem is much toe difficult to sdequatsly presemt fn this repsct
becsuse of the severe cowplemity of the analyses. YThose items listed in
the treatusnt of a paramster dapendent systemstie errors are mors than
adequate for the weeded errer smalyses. The sequence of the trestmant
for errors are such that the elimimation of the pessibls larger sources
are cousidered first and subsequent erver scurces syatemstically slimiasted.
The sections covering the actual BAFF-type data wsed and the
swployed ia reductions smalysea previde the needed puidelines fer a plaoned,
deliberate, and comsistent appreach to the problem. An smcsllent wvehicle
for arriving at an accuracy evaluation for a mission or particular portion
of a mission 1s present in the comparative checks between conputed positions




snd aceuraciss and known wvalues for the sams points, This vepert
represents & most sigunificeat tool fer svelustion of DAFY and ether
uissions and has been needed for too long. The current status ef the
reductions of AN indicates that the svailabilicy of a Test and
Evalustion Plan at this tice is not only opportuns, but necesssry.

The Centractor's somclusions ars anti-¢limatie in light of the amcelleat
pressntation. The recommmdations are equally vell-foundad and they follow
logieslily from the body of the report. An investigation ef the ultimate
sccuracies of existing msterial with additiocnal anzlysss of future inputs
of othar coatrol mey, as stated, euable a signifipant by-product to be
produced - a plan for gontrol enhancemsnt to be formalated froa
conclusions of the study and analyses.

The Test and Evaluation Flan presented im the report is sxsellent
{n content and in presentation. It is recommtuded that this report be
accepted. Also it is recomnended that efforta ba initisted to put tha
recommendations made by the Contrscter im:o a defimitive study plan.
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