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ABSTRACT 

A lot of architectura1 monuments of the Midd1e Ages are threatened 
by continuous pollution, especia11y facades by weathering of 
stones. Initia1ized by the Institute for Preservation of Stones in 
Wiesbaden (FRG) photogrammetric measurements were made to get nu
merica1 information about this process at the romanic monastery 
Limburg - part1y destroyed by a fire since the 16th century. Parts 
of stones on a cross co1umn were se1ected and a comparison of two 
surfaces with a time de1ay of one year has to be photogrammeti
ca11y generated . Because of the high accuracy demanded for this 
task (about 0.1-0.3mm) two terrestria1 survey cameras (Wild P32) 
were modified and ca1ibrated for this e10se-range application 
(image sca1e about 1: 8) • The procedure and first resu1 ts 
(numerical1y and graphies) will be presented. 
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INTRODUCTION 

A lot of archi tectura1 monuments of 
the midd1e ages are threatened by conti
nuous pOllution. This concerns entire fa
cades as weIl as small details of cul
tura1-historical importance. Curators of 
monuments are confronted since a langer 
time with this problem und cooperate with 
experts of scientific disciplines 
(chemica1 engineers, mineralogists etc.). 
Thus chemical and environmental influen
ces and causes are searched but in this 
way no statement is possible ahout the 
quantity of the weathering process during 
a fixed period • Hence, for curators of 
monuments this is a first indicator if 
precautional measures against the weathe
ring of stones are necessary or not. 

PARTICIPANTS AND HISTORY OF THE OBJECT 

Two years aga the Institute for Pre
servation of Stones (IfS) was founded. 
Its main tasks are chemical and mineralo
gical research work. In addition a pilot 
project initiated by Dr. Kraus with the 
Institute of Photogrammetry (TH Darm
stadt) was defined: surfaces of natural 
stones are surveyed photogrammetically to 
get information about the quantity of 
loss caused by weathering. As test object 
parts of stones were chosen on a cross 
column of the monastery Limburg &. d. 
Haardt (elose to Bad Dürkheim / Pfalz, s. 
fig. 1). The time delay between two sur
veyings is a little bit more than one 
year. 

The former monastery Limburg is a 
foundation of the emperor Konrad 11. and 
was build up hetween 1025-1042. It was 
destroyed for the most part by a great 
fire in the beginning of the 16th cen
tury. Afterwards the church was only re
built incompletely /DEHIO 1984/. Since 
that the nave without roof is exposed to 
the weather (s. fig. 2). Since 1969 re
storation is carried out hut reter only 
to the brickwork. Almost all of the ori
ginal stone surfaces, hewed in the stone
mason-technique of the 11th century and 
very often similar to a herringhone pat
tern, are destroyed and completely washed 
out /Dölling 1979/. 
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Surfaces of natural stones have a1-
ready been surveyed wi th photogrammetric 
measur ing techniques. There I ei ther the 
elassification of different zones of va
rying level of damage or the determir;a
tion of the loss of surfaee were carrled 
out, s. /Heckes et al. 1988, Grassegger, 
Eckstein 1990, Mauelshagen , Stracken
brock 1990, strackenbrock et al. 1990/. 
The results and experienees have shown 
that the quantitiy of the weathering pro
eess ean be evaluated by elose-range pho
togrammetry. 

In the following the own approach for 
surveying surfaces of natural stones is 
presented: equipment, measuring design 
and first results of one epoche. The com
parison between two epoehes and quanti
ties concernig the waethering process are 
not yet f inished. However, the resu1 ts 
will be presented just intime at the 
ISPRS eongress in Washington. 



f igure 1: the nave ( overview , left) and 
the cross colwnn containing the test ob
jects (more detailed, right) 

figure 2: natural stones with different 
level of weathering 

CLAIMS, CHOICE OF SURFACES AND PHOTO
GRAMMETRIC TASKS 

After an initial inspecting of the 
test object six parts on the cross column 
were chosen and spread over all directi
ons to get information about an influence 
of the position. Any portion covers an 
area about 20*20 cm2• The chosen surfaces 
also differ due the level of weathering 
(s. fig. 2). This was done because it is 
possible that form and quant i ty vary in 
different phases of the weathering pro
cess. 

The curators of monuments restricted 
the number of control points per area and 
required a respectful treating of the hi
storieal environment. Because apriori na 
statement about the account of the assu
:med loss of surface could be made by the 
cooperatinq mineralogists the range of 
accuracy was fixed to 0.1-0.3 mm. 
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The photogrammetric gamera 

1'0 apply two photogrammetric cameras 
(Wild P32) for the tasks described above 
some modifications had been caried out. 
The foeal length was changed to achieve 
an image scale of about 1:8 (i.e. a d!
stance of 60 cm to the stone). It was re
alised by inserting metal cones. After
wards the depth of foeus range was deter
mined empirically usinq an optical bench. 
In thls case the range is very small and 
it should be guaranteed that the range of 
differences in elevation on the test ob
ject ( max. 5 cm) 1s wi thin i t and the 
desired distance to the object can be re
alised .. 

After this modification the two Bur
vey cameras were calibrated using a test
f ield (s . f 19 • 4) • An alraedy existing 
testf ield (metal plate wi th borings to 
insert control points) was modified to 
adapt the differences in elevation to the 
new conditions. For both cameras in each 
case 8 photos were taken for the cali
bration procedure (s. tab. 1). The con
trol points were intrc;:Jduced in a bundle 
block adjustment with a standard devia .... 
tion of 0.1 mm in X and Y1 0.2 mm in z~ 
The results are summarized in table 2. 



figure 3: testfleld used for calibration 

omega phi kappa axo(m) dYO(m) 

ptloto1 0 0- 0 0 0 
2 0 0 200 0 0 
3 0 0 300 0 0 
4 0 0 100 0 0 
5 +20 0 300 +(l1 0 
6 ~20 0 100 -O.t 0 
7 0 -10 100 0 +0.1 
8 0 +10 300 0 -0,1 

d XO, dYO = difference of camera position 
reference = photo 1 

table 1: configuration of photos for ca
libration 

le092050 SNR lens53203 SNR 
ck (mm) 72.209 72.887 

dxO (mm 0.037· 6.9 0.4416E-E 0.9 

dyO (mm 0.008 0.9 -0. 1292E-« 2.Q 

s1 0.5326E-1 0.9 ..o.4287E- 0.5 

a2 -0.7984E-5 0.2 O.2404E-4 0.2 

a3 ..0. 1 036E-5 1.8 ..o.2768E-1 0.3 

dck 0.7195E-9 0.2E-4 O.2201E-~ 0.5E-5 

SNR = adjusted value / standard deviaton 

table 2: results of calibration for both 
cameras 

Determination of control points 

As mentioned above at the fixing of 
control points restrictions had to be 
obeyed. Therefore, foreach. part of a 
stone6 contral points were fastened ( s . 
f ig • 4): screws wi th a diameter of 5 mm 
and length of 5 cm. They were inserted in 
borings and fixed by a specific adhesive. 
The coordinates of control points were 
determined photogrametically: spatial di
stances were measured (s. fi9. 4) and 
three photos were taken. Two of these 
photos are in accordance wi th the stereo 
normal case and serve also for the survey 
of the stone surfaces (s. fig. 5). A self 
constructed tool was used to measure the 
distances within the range of acuuracy cf 
0.1-0.2 mm. 
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staD e 

figure 4: configuration of control points 
and measured distances 

The following bundle block adjustment 
was evaluated as a free spatial net and 
the measured spatial distances introduced 
with a standard deviation apriori of 0.1 
mm jDüppe 1984/. In f1g. 6-7 and tabe 3 
the standard deviations of contral points 
and the residuals of the distances are 
sumed up for the six parts of stanes. One 
can see that the required accuracy - es
pecially for Z-coordinates - was aChie
ved. 

The survey in the second epoche re
quires a'check of stability of the fixed 
control points. There a strategy 
respecti ve to /Pelzer 1985/ will be ap
plied. In order to guard against the loss 
of control points by changing of their 
position compared with epoche one addi
tional signals will be attached to the 
stones during the measuring campaign. Af
terwards they will be removed. This work 
will be done in the ne ar future. The re
sults of the comparison wiil be presented 
in a poster session in WaShington. 

STRATEGY OF DATA COLLECTION AND REPRESEN
TAT I ON 

Preliminary considerations 

Before evaluating stereo models for 
the purpose of surface modelling some ba
sic considerations are useful. They refer 
to the accuracy and quality of digital 
elevation models (DEM) deri ved of measu
ring a regular grid, the kind of data 
collection and the realisation of the 
comparison. 
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plan view of camera positions 

figure 5: configuration of cameras: left 
plan-, right side view 

100 

50 

_ stone6 

R stone5 

stone 4 

o stone3 
stone 2 

I stone 1 

2 3 4 5 6 

contral points 

figure 6: standard deviations of control 
points in XIV 
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figure 7: standard deviations of control 
points in Z 
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JL.JLm 

aide view of camera positions 

stone 1 stone2 stone 3 stone 4 stone 5 stonetl 
~ --~ --

1 -72 55 -63 96 65 -74 

2 -37 -82 47 -79 -67 84 

3 11 45 81 -82 24 -54 

4 -72 6 -50 -81 -19 -27 

5 26 40 -4 54 -77 58 

6 84 -56 11 34 96 36 

unit = microns 

table 3: residuals of the introduced di
stances 

SXV (micron) sZ (micron) 

Model 1 27 38 

Model 2 42 32 

Model 3 21 21 

table 4: residuals of 3 oriented models 

In jReinhardt 1991/ the most impor
tant requirements to a DEM are performed 
(s. chapter 5). They concern 

the average accuraey of any point of a 
DEM, 

the aeeuracy of slope and eurvature, 

the deteetion of gross errors, 

the eompleteness of morphologieal fea
tures and 

the fidelity and reproduction of eha
raeteristie topographie shapes. 

The geometrical accuracy cah be de
scribed by the following criteria as 
shown in jBalce 1987/ (error propaga
tion): aecuracy of the control points 
(SAl) after block adjustment l the resi
dua s after having fitted a model (sMOD) 
and the expected accuracy (correlated 
e.g. with the flying heigth in aerial 
photogrammetry (sMEAS)' 

s2GRIDPOINT=s2AT+s2MOD+s2MEAS (1) 



Set eAT = 0.1 mm, SMOD = ,0.04 mmQ(s. 
tab. 4) and sMEAS = 0.06 mm (l.e. O.l~ of 
distance to the object) you get a sGRID
POINT of 0.123 mm. So it is within the 
requlred accuracy range. 

The topics completeness of morpholo
gical details and the fidelity of charac
teristic shapes essentially depend on the 
sampling rate and the quality of data 
collection. According to the formula (s. 
jKraus 1985/) kind and size of details 
are the most important factors for the 
correct choice of the minimal sampling 
rate (compare formula (2). Figure 8 su
mes up some mesh sizes due to radius of 
details which are characteristic for the 
natural stones of Limburg monastery. 

DX =~*SGRIDPOINT*DRDETAIL (2) 

10 

DR(Swface) (mm) 

figure 8: variation. of sampli~g rate DX 
as a function of radlusof detalls DR 

For the comparison of two data sets 
i t is necessary to know if all topics 
mentioned above are to be taken into ac
count. It is clear that the accuracy of 
the control points and the detection of 
gross errors are important. Aspects refe
ring to morphological details and fide
lity of characteristic shapes are not so 
important if the comparison is not reali
sed using for each epoche. It means that 
the differences are evaluated diretly at 
the gridpoints. 

strategy for measurement and a fikst ex-
~ 

Because statements about quali ty and 
reliability of interpolated DEMs either 
empirically using references or with ana
lytical methods (compare jReinbardt 
1991/) can be made. On the other hand in 
our case two data sets have two be compa
red and the expenditure has to be as low 
as possible. Therefore, the following 
strategy was developed in correspondance 
with the participants: 
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representation of an entire surface 
only for visualization 

direct comparison of the differences of 
the gridpoints represented by single 
profiles 

subdivision of one surface in - if ne
cessary - more sampling areas (compa
rable a progressive sampling) where the 
densitiy of sampling rate varies, 

repetitive measuring of some profiles 
per model to get an idea about the in~ 
dividual accuracy of the operator. 

The chosen strategy has the advantage 
that the accuracy of the differences de
pend only on the variables introduced in 
formula (1)~ Influences caused by the in
terpOlation of an DEM are avoided. In fi
gure 9 an example for a small area of a 
surface of a natural stone is depicted 
(compare also fig. 2, right). The measu
rement was carried out on an analytical 
plotter P3 (Fa. ZEISS), mesh size 3 mm, 
number of gridpoint = 243. The small dit
ches are clearly visible. 

figure 9: visualization of a small part 
of a surface of a natural stone contai
ning a ditch 

A further aspect for surveying of 
surfaces of natural stones is gi ven by 
the fact that the stones have low 
contrasts by itself. In order to support 
the quality of measurement the photos 
were taken with an artificial light 
source (spot-light). The surface was 
lighted from upper left and it was yiel
ded an effect like hatching. This proce
dure has the advantage that the operator 
gate an very three-dimensional view in
stead of the small differences in eleva
tion on the surface. 



CONCLUSION AND OUTLOOK 

Al though the resul ts can not be pre
sented in i ts entirety in this paper i t 
could be shown that with a relatively 
small effort the reconstruction of a $ur
face of a natural stone with an high ac
curacy can be realised. Because the a.c
count of the weathering process is not a 
priori known, an approach passing into 
macro-photogrammetry as described in 
jMauelshagen, Strackenbrock 1990/ would 
have been more suitable. The resolution 
which can be achieved in that way - in 
the range of some microns - is in better 
accordance with the structure of a natu
ral stone. 

Regarding the developments in the 
area of digital photogrammetry relying on 
surface reconstruction for a elose-range 
application like this one new perspecti ... 
ves are given. Taking digitized photos or 
using a CCD-eamera it is also possible to 
meet the task. At our institute a first 
attempt will be made. Then the surface 
reeonstruetion will be evaluated with Fa
eet stereo Vision (FAST Vision), an ap'" 
proach introduced by Prof. Wrobel jWrobel 
1987/. In the future more and more auto
mazation of the measuring process will be 
achievedw This offers the curators of mo~ 
numents a. photogrammetric tool which en
ables a quiek interfering if stones are 
threatened by weathering of stones. 
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