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Summary Historical photographs of urban areas arealhiable source about the past,
providing an interesting means of comparison with the present day situation. In order to
make this comparison as direct as possibie attemptechereto fisuperi mposeo t he
sent and the past situation in 3D spahe;propeprocedure foperforming this taskis to
calcdate the exterior orientation dahe historical photoin question In our work we &

tempt to do this by means of correlating pointsotth photoswith their counterparts on
maps.It is very often the case thdtet information and dataresenton old photoscannot

be traced on present day magshistorical maps of the same periack necssary to po-

vide correlating infoTherefore old maps are georeferenced modern onesn order to
provide additional information and consequentg the resulting coamhates for calcula

ing the center ophotographicprojection O and its location and d&fide in 3D space
(X,Y,Z¥,d,9). After this st@, the photos can heoperly placed on Google Earth

Introduction

Historical photographs of urban areamstitute a valuable and rich source of informaabout
the past and consequently provide an interesting meartomparing their contewith the re-
spectivepresent day situation. In order to make this comparison as direct as passip&mpo-
sition of the present angast situation in 3D spade attempted The proper way t@ccomplish
this requires the knowledge / calculatiohtlee exteriororientation of thehistorical phots can-
cerned

In orderto calculate the exterior orientation afy old photoone has tatart by establishingo-
mologouspoints on thephotoand on a respective maphis is done in order to pvale points
with both thar photographic andnap coordinatesfrom these pairs of coordinates of respective
points the exterior ogintation can consequently bdatdated by measmof phobgrammetric po-
ceduresThe exterior orientation provides tkenter of projectior® with its location X,Y,4 and
attitude ¢ , § in 3D space.

The mapsised for providing the coordinates of the abovementioned control poaytsccasion-
ally be currenbnes(i.e. maps depicting the topography of nowadays), but most of the times the
need for usinglder maps is inevitable, since thgdrmation on old photos might be ddtlt to
correlae with the present day cartographsttuation: often objects and points on old photogsim
ly do not exist anpore and cannot be traced a modern maprhe informaion and data qa
tured on historical phototherefore most of the timekas tobe correlated toespective historical
maps of the same ped. For this purposeld maps are georeferenced, mder tobetransforned
to the coordinate systent the presentday reference map(s) and rmbined with currentgeo-
graphic informationAfter calculatinga p h extemobosientation grameteranentioned above
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the photocan be properly placed on Google Earth. In the following the procedure is given in more
detail anl test cases are shown.

Past cityscapesn current surroundings
Merging photos of the past into present day realityndoubtedlyattractive. Some examples of

the concept are demonstrated below, concerning old photos and paintings of Budapest-and Lo
donrespectively.

Figure 1 Budapest old and new, by the Hungarian photogragter ® n y i sofce URLB.n  (

Figure 2 Paintings of London past, as projected on Google Street View pHottisw of Greenwich from the riv€t7502)
by Cardetto (left), St Martins in the Field§1888) by William Logsdail (rightj sourceURL2

Apart from the charnof suchvisual comparisons angmporal correlationghere is a potential

for their use as valuable sources of information about the past, especiatycembined with
popular digital tools, such as Google Eaithe examples shown in Figures 1 & 2, for instance
use a 2D projective transformation in order to position the old photo onto theinvemsional
plane of the current viewn ourwork we attempto expand tls 2D approachby means of &ab-

lishing the location of past cultural objects (such as old photos, paintings etc.) in true
3Dimensional spacewith the help of the abovementioned photogrammetric procediter-
wards, he use of thavidely known environment of Google Earth can provide a popular andyeas
accessible hub for storage of the results and for crowdsourcing retdtix@ation.

Photo Orientation Procedure
The core of the developed application consists of the photogrammetricdpreder the exteor
orientation of photos. A prerequisite for this is the establishment of the cartographic basis of the

area in concern, so that the ground coordinates of the control points necessary fouliigocalc
can be collectedAn outline ofthe procedure followed is given in Figure 3. During the preparation
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of the cartographic material often old maps will need to be georeferenced and combine@-with pr

sent day map layers, so that respective characteristic points can be located on the fieauting

ing mapo as wel |l as on t he plgoundcontrd potts)earep oi nt

used by the exterior orientation algorithm deyed and presented in the following.
The exterior orientation of a photo can be described as the prockstareiningthe location of
(the center of) the camera lens in space and the orientation oftberca 6 s axaspt i ¢ a |

Old maps New maps

GEO-
REFERENCE

“Working map”
(with 3D info)

GCPs
(inX,Y, Z)

EXTERIOR
ORIENTATION

Lat,Long,Alt, tilt, heading, roll

Photo
oriented in
GoogleEarth

Figure 3 Flow diagram of the procedure followed fanientation and viewing afld photos in 3D space

For the calculation of thebave, i.et h e c gooseionandaientationin 3D space, the sbf
war e p &xtdki@@rientafiod was used. The package Wwas
versity of Thessaloniki during the academic year 204 3for use in the educationalgoedure
rel at ed t Imtrodubtien tacPhatogranemetdy, o f" seméster of4he Rural andrSu
veying Engi n eotstudigs Alithaughrinitialy dducationally oriented, the toére
can be used for singiemage resection, either from a digitehroera output or from scanned
documents (air photos as well as common terrestrial photos), provided that tlevespirior
orientation of the images has been determinedhe size of the cell of agital sensor is defined,
in em), andthatthe focal length of the camera used is set to a knowrevehe advantage of the
software is due to its ability of determining the exterior orientatiohawit knowledge of appre
imate values (one of the most important problems in the $egstres algorithm for resection-ca
culation is exactly this i.e. the input by the user of suitable appei® values of thécation
X,Y,Zof the lens center and of the rotation angtg§a of the plotographic system axgs
Determining the elements inw@s a twestepprocedureThe calculations performed in the first

dev

step concernthe estimation of the position of the intersection of three spheres, the centers of

which are the control points measured on the photographic image. As shown in Fitperéa®

center can be defined as the intersection of three spheres, the radius of each is the distance of each

control point from the optical center (i.e. the point in space from which the photo wasTé$leot)
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distances (a, b, c) cannot be defined directlyenéneless from triagles ABA, ACP andACA) it

is possible to calculate the angld§,o (via the weltknown trigonometric cosine formulpand
consequently to compute the sides of the triangj@sing from the photographic projection center
and endingt the three control pointShis is a specializedpproachbased on the solution of & 4
degree equatior{J a n,2804).Consequentlytriplets of control pointsn all possiblecombira-
tions areused, in order to determine the intersection of sphereshe estimated center of proje
tion of the photographic image.

O perspective senter

Sensor plane

Terrain

Figure 4 The geometry used by the resection algorithm (see text for explanation)

In the second step of the procedure an estimation ahtist possible position is done, on tre b

sis ofthe amount of closest solutions; the method of least squares adjustment in combination with
the collinearity equation is used (classic photogrammetric resection) for the determination of the
rotationsy,(i anda of the photo shot.

Finally a couple of coolidate conversions in order to prepare for input in Google Earth aes-ne

sary (seeFig.3some examples of the softwarebs tests

Photo Orientation Examples

The images used for testing the software are old photographs ofytioé Thessaloniki, bothex
rial (oblique) and teestrial.

Photo I: An aerial oblique photo of the city of Thessaloniki from the South
In the first example (Fig. 5) an oblique aerial photo of the city of Thessaloniki, viewed from the
South is usedThe photo dates back to the period betwé#smlate 1950s and early 1960s and its

i nterest |l ies also in the fact t hat i tulari s an

depictions, showingn intermediate phase thie embankment of the naturahorelinesouth of the

city, which took place in the period 198®@73.For the photo in question, since there was no other
information apart from the image itself, some assumptions were made, which led to a satisfactory
solution.

Initially, an estimatiorof the film format was made, on the basis of the height to width ratio of the
photographic image. The rati@200/864ixel) is approximatelyl.38 a number very close to the

ratio of the dimensions of a 135 filf50 1007)introduced bythe KODAK company(and haing
dimensions36x24mm). We assumed that only part of the horizomtetent of the photo was al-i

[33]

a



e-Perimetron, Vol. 10, No. 1,2015[30-41] www.e-perimetron.org [SSN 17963769

able and thathe photohad beerpartially cropped,n order to fitto the digital documerdccess
ble to us Given the vertical dimension @mmitwas esti mated t hatu-the di
tion is approximatel®7em.

Figure 5 Left, theoblique aerial photaused for the exterior orientation determination: it depicts the sea front of the city of
Thessaloniki from the South, in the late 19%88dy 1960s (marked in red are theundcortrol points used); Right the same
GCPs on the working map of the area: states of the shoreline can be seelored in cyanthe inner (older) one was
tracedfrom (georeferencedld topographianaps of the ¢y.

On the basis of this pixel size for the image, the interior orientatiorperdsrmed The last ne-

essary item for the exterior orientatocaln det e
length. The most common cameras of that period used S@mses, so a first attempt forrpe

forming the resection was done with the use of falue howeverafter analysis of the sation

via the calculation of the residuals and their projection on the original (Figtcg), the fnal best

estimation, throughn iterative procedure, resulted in a valu@@8 mm.

Figure6. Theresidualsof GCPsprojectedon Photo lafter its exterior orientation
Although the solution might seenot perfect since the presence of residuals would notde a
ceptable ira classic photogrammetric resection cétsis, significantly approximating reality (p
sition and rotations) and the conditions of the photo shooting, given the fact that thenefas-an i
mati on gap regarding the c anedmagedfdm). fTloscsafac- | engt |
tory outcome is evidenced by thell-matchingpositioning of the photo image in Google Earth,
by feeding the resulting values of the positiére{ altitude)as well as the rotation angles (Hea
ing, tilt and roll) to the avéable Google Earth interface.
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Figure 7 Photol positionedn Google Earthaccording to the values of thaterior orientation parameters; the possibility to
modifythe o | d trarsparercydeshances visual correlation.

Photo II: A terrestrial photo in the center of Thessaloniki city
Another example for the implementation and testing of the software was carried out using a te

restrial photofrom the early 28 centuy depictingDiagonios alocationin the centeof Thess-
loniki (Fig. 8)
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Figure9. Photo Il residuals of GCPafter the exterior orientation
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Figure10. Two snapshots of different transparencyRifoto Il positioned in Google Earth, according to the values of the
exterior orientation parameters

Working similarly, we used here a focal length of 50mm and a pixel value of 0.05mm. The resul
ing residuals are showin Figure9 and the estimated position of the photo is used for placing it in
Goagle Earth, according to the exteriorientation parameter§-ig. 10). By manipulating the
transparency one can compare to the present day topography. The more 3D featwaibiae

on Google Earth, the more interesting the visual comparisons. For instance here uheentah
church of Hagia Sophi@" century)is visible in both the old photo and on Google Earth.
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