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· Abstract:The purpo s e o f this study on one hand is to locate , 
I 

through orthophotographic plotting,the s~ cce ss ive operations of 
restoration carried out on the mosaic decorations of the stru- : 
ctures of the dome vault;on the other hand is to quantify , throul 
gh zenithal orthophotoqraphic plotting added to the analitycal-1 
one,the deformations induced in the vault by the subsidence to ! 

which Ravenna terri torv i s subject . ! 
Introduction: Graphical representation of a monument or building 
is nece ~ sairly accomplished using orthographic projections onto : 
appropriately chosen planes in space of the surfaces which make ~ 
up the object to be drawn . It is evident that the choice of thei 
se planes i~~ particuJ.arly important in order that the resul ting l 
repre sentation of the building or monument will be the best posj 
sible . A good drawinSJ must acc'Urateli show not only the formal- ~ 
appearance of the structure but also the quality of the building 
materials a'; well as the construction characteristics used in ! 

i 

building it . As known, current procedures employed for making , 
a survey of a building by the traditional direct method involve ' 

I 

the use of the meter, plumb line, level , square, etc . and are · 
based on the assumption that the various .lines and surfaces 
which delineate the structure are geometrically well defined 
lines and surfaces which have taken well defined positions in 
~;pace . It is most improbable that a drawing made fran this type 
of survey wi ll show abs ences of parallelism, asymmetries and 
possible irregularities in the structure , factors which are e­
specially important for the conservation of a building or monu­
ment . In contrast, thc:;c problems in obtaining an accurate re- I 
presentation of a huildinq or monument are easily resolved usin~ 

' the photogrammetric method . The camera registers every little ! 
deta il and nuance on film with precision and objectivit~, thus ,. 
the work of ar t being ';urveyed can be studied and explored in 
the ~mallest detail in orrler to have a correct basis for compa- 1 
ri s on or more important to have available all the information 

• necessary to determine the best methods of conservation 
GBNERAL CONSIDERATIONS 
The Orthodox Daptisterv in Ravenna, aiso known as the ''Neoniano ~ 
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· rlerivcd from Bishop Neone who commisc;ione;l its con s truction , 
dates from the V century and thus preceeds the true Byzantine 

, period even though the Byzantine influence is clearly visable . 
The Bapti stery is a structure formed by an octagonal base of 
around 4 . 5 m per side . Four of the sides are occupied , for a 

i third of their remaining heoght , by covered niches protruding 
I the outer part of the base . Three chapels and the present bap-
i tisimal font arc located in these niche~ . The original bapti-

1 

: simal font is located at the center of the building and consists 
of an octagonal sculptered marble basin whose height is about 

'1 .1 m and whose external dimensions are about 1. 5 m on each 
side. One of the sides forms an elevated pulpit . From the time 
of its cons t ruction until today, the Baptistery, just as all 
the other buildings and mounuments of the same pr'riod in Raven- . 
na , has ~unk nearly 3 meters into the ground because of the 
phenomenon of subsidence in Ravenna and the surrounding area . 
Thu s, tLe pre';ent hei ght of nearly 12 m, mea s ured from the 
ground to the eaves of the Bapti<;tery , repre';(~nts only about 
4/5 of its total height . The present floor is the third floor 
constructed dur in g the period of subsidence of the building and; 
it is aln:a.dv about 50 em below grourid level . The present study: 
wa~; mac:c pos,_;ible by the cooperation of the Istitu.to Di Topo­
grafia , Georlesia e Geofisica Mineraria of the Facolt~ di Inge- ' 
gneria, Uni versi ta di Bolo~jna and the Regione Emil ia-Romagna . 
The objective of this study was twofold : 1) to determine and 
1uantify the d~formations of the 0 ome for the purpose of me~su­
rino the extent of suhsidence relative to the various structu- ' 
res w~ich make-up the building and 2) to make it possible for 
th0se studyina the mosaics to recogonize the successive. resto- ' 
rr1tions of th e dome's mosaic decorations using the stereoscopic: 
pictures obtained with our photogrammetric methods in addition 
to 8 color orthophotoprints • 

. PH OTOGRN-1HETR IC PROCEDURES USED IN TAKING THE PHOT03RAFHS FOR 
: THE ZENITAL SURVEY OF THE ·DOHE 
' Initially, in order to obtain the data relative to the subsi­
' dence and thus the deformation of the structure , two series of 
. stereoscopic zenital photographs were taken : the first series 
,was made usind a Veroplast monocamera ~ film size 1 Jx18 em , I 
Matr.N. 00209 made by the Officine Galileo in Florence and ow­
ned by the Istituto di Topografia , Geodesia e Geofisica Minera-l 
ria . The second ser ies was made using a Wild P 31 monocamera , II, 

film size 4x5 inches , Matr . n . 55015 made by the Officine Wild 
in Heerbrug and loaned to us by the Wild company in Milan. Ho- 1 

wever, these photographs proved to be insufficient and did not I 
completely cover the rlome . Better results were obtained using i 
only t he Ga1~leo camera to make 4 scans (perp~ndicular to ~ach I 
other) co~pr1sed of 3 photographs each . The p1ctures for tnece i 
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~~~~~-~-~-;~--t~k~~-~it·h- -the camera mounted- on--;-dolly ; the cent~r-1 
of the objective was maintained at about 30 em from the floor / 
in order to insure that the area covered was as large as possi­
ble . Care was taken not to decrease excessively the basic ratio , 
expressed in percent , between the maximum and average from the 
objective of the camera to the surface being photographed since 
a too low ratio was not compatible with the instrument being 
used to make the orthographic projections for the stereo plot-
ting . The following ratio resulted : 4666 _ o! 

982 1 - 47 /o • 
Even though this percentage is high , the large overlapping ass~ 
red that the stereoscopic character of the photographs was not 
lost at the time of oreparing the models . For the Veroplast ca­
jmera,the sensitive mat erials used were black and white glass 

'

plates (REPLICA 23 AGFA..:.GEVAERT , film size 1 3x18 em , 16 ASA) 
as well as flat film (KODAK- VERICOLOR , negative and KODAK-EKTA 

1

1

CROME , positive , for artificial light and 80 ASA) appliec1 onto 
glass pla te s using bioadhesive paper l_HEATSEAL FTIJM) . For the 
Wild camera, '.ve used flat film ( KODAK- VER ICOLOR for artificial 
light, film s1ze 4X5 inches) mounted in appropriate frames . 
The definitive zenital photographs, taken in 4 scans comprised , 
of 3 photographs each, covered the area of a square whose sides ! 
~ere a n average of 6 . 64 m long consisted of a total of 8 stereo~ 
!grams . The positions used for taking the pictures resulted in a 
~asic ratio which varied from 3 . 32 _ 

01 
~ 11.09- 30~ to 
I 6 • 42 = 50% giving an overlapping which varied from 70% to 50% . j 

Jin order to have uniform and constant illumination the pictures j! 

~ere taken at night with artificial light from four 1000 w i odi-
1 

~e lamps having a color temperature of 3500°K . A diaphragm ratioi 
I I 

bf 1:1 2 was used ; exposure time was 1 5 sec for the black and ' 
lwhite film and 9 s ec for both the positive and negative color 
!film . The carac teristics of these scans are given in fig . 1 e 2. 
PHOTOGRAJ-.1METRIC PROCEDURES' USED IN TAKING THE PHOTOGRAPHS FOR 
THE SURVEY OF THE SEGMENTS OF THE DOME 
For this survey , the dome was divided into 8 segments , each 
one overlapping its weight bearing arch . The Wild camera was 
used to photograph each ~ egment separately . Two photographs ~e­
re takers of each segment from positions at each and of a llne 
H 20 m long and diametrically opposed to the segment Fig . 3 

I T~e camera was pos itioned about 1 . 90 m from the floor wtth it s 
joptical axis inclined at 45° to the horizontal (~i~ . 4) . As can 
'jbe seen from Figure 9 , this inclination was suff1c1ent to cover 
,the entire surface of each segment from the central keystone 
Jto the capital of the weight bearing arch . 
DETERMINATION OF THE POINTS OF REFERENCE 
Points of reference for each individua~ stereogram were taken 

. - -- - · . -- ---·- ------- ---- - . - ------ -- ----·------------
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!~~o~~~~~t~~-d~~: ~~t ~ ~~ ~~~l:~f~~l ~ 0~~e~h: -~=~~-~:~ ~~~ :~~~n:1 ~~- ~ 
w1th the center of th1s octagon ; these po1nts were marked w1th ~ 
small brass cones ins erted directly in the pavement . The survey I 
of all thec;e distances was made , a total of 24 measurements for 

;ming an optimum network having 9 elements more than the mi nimum 
1 5 required (Table 1 ) . The results reported in Table 8 were ob­
tained from the calcul a tions and compensations of the network 
using the usual method of indirect observations . The computer 
program for the calculations s upplied not only the compensated 
coordinates of the vertices (Table 2- 3) which were then transla 
ted to avoid negative values but also their ave rage quadratic -

,error and if desired the elements for determining the ellipses 
,,:of error (Fig . 5) . A~ ~~pected ; because of the small distances 
involved ; method of mark ing the reference points and the use 
of a previously calibrated steel cord , the maximum errors in 
measurement were of the order o£ ± 2 mm . A precise geometric I 
leveling of the verti c es of the octagon (points 2- 3- 4 - 5-6-7- 8- 9Y 
was done from the central pos i tion·(point 1 ) (Table 4 - 5- 6) . The 
level used was a ZEISS Ni1 belonging to the Istituto di Topo­
grafia , GP-odesia e Geofi s ica Mineraria ~ Using the external ver­
tices of these trilateral sections, 8 base lines more or less 
parallel to the individual segments of the dome were located . 
Teodolites (DK M 2 A with a pe riscopic eyapiace made by the 
!KERN company) ware positioned at each end of the base line and 
lthe method of frontal intersections was used to determine the 
Jreference points on each individual segement necessary for the 
!stereo plotting . Characteristic points alreacy present on the 
,dome were chosen as the reference po i nts . The axes on which the 
I 
!spacial reference points , calculated i n this way , were located 
!were then rotated 45° around the x-axis in order to obtain the 
!projection of the reference points for each segment onto a pla­
'ne parallel to a cord connecting the vertex and the base of 
the segment . 
STEREOPLOTTING PROCEDURES USING THE ORTHOGRAPHIC PROJECTOR 
The s t ereoplotting operation using an orthographic projector wa_ 
·done with the collaboration of the Compagnia Generale Riprese 
Aere e of parma who allowed us to us~ their excellent stereoplot 
ter , a PLANIMAT Zeiss Matr . n . 119222 and their orthographic pro­
jector , a GIGAS GZI - Zeiss Matr . n .1 2 1229 . This particular equi 
pment was chosen because during the stereoplotting it was neces 
sary to explore the optical model at a very large scale ~ The 

!PLANIMAT stereoplotter seemed particularly suitable in order 
jto assure the best approximations obtainable for the numerical 
!determinations to be made directly on the photographs printed 
Jon glass . The relative orientation of the photographs was done 
using a cimbination optical - mechanical procedure taking into 

consideration seven points of the photog~~?~--~ _ s-~~--~!-~~ich --~r-~_j 
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lin- or~e;--t-~ dra~--t};~ ~-~ti~~i--~~df;ls i~ the -d~~~i-~-ed-po;itio-~~~-;-~-1 
the floor of the Bapt1stery wh1ch formed a regular octagon alon~ 
with the center of this octagon ; these points were marked with 1 

small brass cones inserted directly in the paveJnent . The survey 

1of all the~e distances was made , a total of 24 measurements for 
1ming an optimum network having 9 elements more than the minimum 
1 5 required (Table 1 ) . The results reported in Table 8 were ob­
tained fror.1 the calculations and compensations of the network 

jusing the usual method of indirect observations . The computer 
program for the calculations supplied not only the compensated 
coordinates of the vertices (Table 2- 3) which were then transla 
ted to avoid negative values b~t also their average quadratic -

1error and if desired the elements for determining the ellipses 
lof error (Fig . 5) . As e~pected ; because of the small distances 
!!involved ; method of marking the reference points and the usc 
of a previously calibrated steel cord , the maximum errors in 
measurement '.vcre of the order o£ ± 2 mm . A precise geometric 
leveling of the vertices of the octagon (points 2 - 3- 4 - 5- 6- 7 - 8- 9)1 
was done from the central position·(point 1 ) (Table 4- 5- 6) . The 1 

level used was a ZEISS Ni 1 belonging to the Istituto di Topo- I 
grafia , Geodesia c Geofisica Mineraria ~ Using the external ver- 1 

tices of these trilateral sections , 8 base lines more or less i 
parall~l to the indivi~ual segm~nts ~f the ~ome were located . ,. 
Teodol1tes (DK M 2 A w1th a per1scop1c eyap1ace made by the 

I 

KERN company) ware positioned at each end of the base line and I 
the method of frontal intersections was used to determine the I 
reference points on each individual segement necessary for the 
stereo plotting . Characteristic points already present on the 
dome were chosen as the reference points . The axes on which the 
[spacial reference points , calculated in this way , were located 
iwere then rotated 45° around the x- axis in order to obta in the 
!projection of the reference points for each segment onto a pla­
Ine parallel to a cord connect i ng the vertex and the base of 
'the segment . 
STEREOPLOTTING PROCEDURES USING THE ORTHOGRAPHIC PROJECTOR 
The stereoplotting operation using an orthographic projector waL 
done with the collaboration of the Compagnia Generale Riprese 
Aeree of Parma who allowed us to use their excellent stereoplot 
ter , a PLANIMAT Zeiss Matr . n .11 9222 and their orthographic pro­
jector , a GIGAS GZI - Zeiss Matr . n .1 2 1229 . This particular equi 
pment was chosen because during the stereoplotting it was necesJ 
sary to explore the optical model at a very large scale ~ The 

'IPLANIMAT stereoplotter seemed particularly suitable in order 
to assure the best approximations obtainable for the numer i cal 
determinations to be made directly on the photographs printed 
on glass . The relative orientation of the photographs was done 
using a cimbination optical - mechanical procedure taking i nto 
consideration seven points of the photograph , six of wh i ch were 
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located in thE; traditional dic~tribution and one which was l oca­
ted at t he center of t he photogr aph itself . At the end of the 
relative orientation procedure , the average quadratic differen- . 

I 
ce of the rc~idu~l p~r~llax in y , measured at 15 points on each' 
model fell in the ranrre between + 0 . 01 5 and + 0 . 03 mm . The ab-

•• - - r 

solute orientation of the models , however , was clone by multiply; 
ing the spa ial coordinates calculated from the reference point~ 
by the reauircd factor for the particular scale desired . The 1 

';tereoplottinCJ proredurc's were espec i ally complicated because 
of the characteristics of the instruments employed as well as : 
the photogra phic scale of the pictures taken . The Planimat -Ze i s~ 

,stereoplotter allows the formation of optical models with an · 
enlargement of the scale of the photographs which varies from 

. 1 . 3 x to 2 . 9 x , while the GIGAS Zeiss orthographic projector 
1 

plots in·a ratio of 1 x or 2 x the scale of the photograph • Ini 
addition , the large difference in heights for the zenithal pho-· 

:tographs gave a ratio between the max i mum and average distance i 
.from the objective of the camera and the surface being photo-

;graphed equal to g~~l 47 • 511. . This ratio for the photographf 

taken of the indivi ua segments decr~ases to 1 858 1 ~ . 1' 

--- 2 /a 
The average lenght for the pos i tion of the proj~6ti~g e{ement ,

1

' 

of the GIGAS GZ 1 Zeiss orthographic projector is 475 ~~ . ran­
ging from a minimum of 320 mm to a maximum of 630 mm for a to- ! 
tal distance of 310 ~~ . Thus , the maximum ratio between the dif[' 
ferences in distance between the objective and surface photogra 
phecl and the average distance of projection was equal to 310 _ 

475 -
= 65 . 26% ; however , the orthographic projector could only tole­
rate a focal legth between 1 47 and 1 59 mm . Once it was determi- i 
ned that the orthographic projector was suitable for use in the1 
stereoplotting operation , it was then necessary to determine 
the ratio of the optimum scale which would be suitable for the 

:characteristics of both the instruments . For this reason , the 
,photographs , obtained with the WILD P 31 camera whose focal le~ 
'qth was 99 . 42 mm for the pictures taken of the individual seg­
:ments , were enlarged 1 . 5 times using a SEG VI enlarger belongin 
:to the Compaqnia Generale Riprese Aeree . This enlargement brou ­
'ght the focal length to 149 .1 3 mm , compatible with the charact~ 
'ristics of the orthographic projector ; the average scale of the 
photographs , originally between 1: 81.1 3 and 1 : 99 . 82 were thus 

'brought to values between 1: 54. 09 and 1: 66 . 55 . In this ~ay it 
was possible to obtain models with the Planimat on a scale of 
1: 40 wh i ch the orthographic projector then plotted at an enlaE 
gement of two times giving a scale of 1: 20 . The zenithal photo­
graphs , obtained with the Galileo camera at a focal length of 

'1 5 1 . 93 mm and having a scale between 1: 49 and 1: 80 , were enlar-

:ged 1.62 times giving a focal_ leng~~---of_~~-0_·_?~- ~ and a r atio __ _j 
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of scales between 1 : 30 . 25 and 1 : 49 . 38 . Wi~h these enlargements ,! 
it was possible to obtain optical models with the Planimat ha- ; 
ving a scale of 1 : 20 which the orthographic projector then plot ; 
ted at the s ame scale . Howeve r , the original photographs used - ; 
for these procedures had an enlargement ratio equal to 4 x in 

! order to maintain a focal length compatible with the plotti ng 
! instrument , i . e . between 147 and 1 59 mm . 
: ST8REOPLOTTING PROCEDURE USING THE NUMERICAL METHOD 
1 ~--------------~~~--------~~~------~----~~--------
'Numerical stereoplotting of the dome s urface ~as done using the: 
;1 2 zenitha l picture s taken with the veroplast camera in black 
j and white a nd print e d on g lass plates and th e s tereoplotter Pla, 
i nimat Zeiss equipped with Ecomat belong ing to the Compagnia Ge- i 
;nerale Ripre se Aeree . Thes e photographs were used to make 8 - ! 
(optical models (scale 1~ 30) completel y covering the whole sur- ' 
j face of the dome . A s e ries of profiles along they- axis of the 
: stereograms were made from these 8 models ; the real dis t ance 
: between thes e profil e s was about 24 em . The data points of the-! 
: se sections were fed into a computer using an Ecomat recorder I 
: and a Facit 4070 tape punch , al ways using actual distances of 
iabout 24 em . In this way for each model , we obtained a network 
!formed by more or less square sectioris 24 em on a side with 
!known spacial coordinates of the verticies . These coordinates 
.were rotated and translated in order to refer them to the same 
set of axes and thus a single network made up of squares 24 em 
on a side wa s obtained which covered the entire projection of 

' the dome . Using a table plotter , Calcomp Mod . 7800 , we obtained 
:a section on which the height of each point was indicated which , 
; in turn , allowed a relatively accurate location of the central i 
1 point of the dome . similarly , using the Calcomp mod . 7800 , dra- I 
' wing .:; were made of a s eries of sect ions on the dome dis t ingui- ! 
sh e d by meridian pl a nes. Using the coordinates of the points 
in these s e ctions, the best fitting equa t ion representing the 
curvature of each section was determined . Averaging these re­
sults , an extrapolation was made to determine the best appro­
ximation of the equa tion for the generating curve of the dome . 

!CONCLUSIONS 
:The deformations of the dome of the Orthodox Baptistery of Ra-
:venna which i s perhaps done to the phenomenon of subsidence '! 

'which has been continu1ng for some tlme 1n Ravenna and the sur-
1rounding are a were lo cated ~ nd quantified using the results of I 
· the photogrammetric survey reported here . A study of this type I 
:ha s much more s ignificance than just the pure a nd simple repor­
' ting of a series of me asurements , which even when obtained with 
very sophi s ticated technique :; conclude in the simple survey o-
'peration and in a dry pres entation of numerical values. However ~ 
' this photogrammetric survey made using steroplotting with ortho ! 
:graphic projections allows the combine.d study of the measurem- - ~1 

•ents along with an accurate reproduction of the Baptistery in 
- - - - - - -- ---------- -- --- --- .. • · -------- -- -- ------- _ __ __ ...... 
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color ; thus both a qualitative and a quantitative evaluation 
of the deformations can be made . 

Fig . 1 - Project of the 
zenithal final shootings 
executed with the Galileo 
Vero plast camera . 

\ 

l .. 

____ _J 

Fig . 2 -Front view of the cones of the zenithal final s hooting$ 
executed with the Galileo veroplast camera . 
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Fig . 3 - Project 
of the shootings 
executed with th( 
Wild P . 31 camera 
(optical axis in 
clination is 45° 
for the survey 
of the segment 
of vault . 

Fig . 5 - Graph of the polygo­
nal and error ellipses . 

-cr· 

Fig . 4 - Front vie w of the op­
tical cone of shootings execu­
ted with the Wild P . 31 camera 
for the survey of the segment 
of vault . 
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Fig . 6 - Orthophoto map of the whole vault . 
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Flg . 7 - orthophoto map of the slngle segment of vault . 
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