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Summary 

The preparation of a whole set of maps at 1 :2 00 scale of a sample 
area a t Montagnana histo r ic site~ has arisen new in t erests in th e 
classical cartogr aphy. Int egratio n of different technical procedu 
res~ map and p r ospect repr esentation~ codification of metric and
quali tativ e informati on have been discussed . 

In a previous paper / 1/ after the explanation of the "provocative " 
character of this study , a series of problems have been anal i sed , 
justifying the choice of the 1: 200 scale as an experimental basis . 
A sample area at Montagnana, an ancient vi l lage covering 30 hecta 
res approx ., on which since two years some hundred terrestr i al -
shots have been performed , was therefore chosen , and then the rna 
king of a 1:2 00 scal e cartographic system was decided , provi d ing 
the division of the whole historic area into an orthogonal net 
work with 1 00 x 100 rn2 meshes , originating and oriented according 
to the national reference system . In case of employment of the sa 
i d system to all the h i storic Italian sites , a geographic referen 
ce frame connecting the different surveyed areas will be realized . 
Such a procedure requires : 

~ - the possibility of drawing partial maps of the zonesphysically 
non- connected one another , but geographically fully enclosed ; 

b - the substantially indifference of the maps to the geoid or tan 
gent plane reduction procedures ; -

c - the practical insertion i nto the official cartographic system 
of the national territory ; 

d - the making of a basic informative tool useful and available in 
memorizing procedures and to be utilized as a reference in pract! 
cal use ; 

e - the avai lability of a complex informative system which being 
rounded on coordinate numerical recording , a llows the spatial lo 
calization of different information aiming at data automatic pro 
cessings . This particular practical use of the maps seems to be
especially helpful in h i stori c and a rtisti c monument catalogation 
and in the data-bank making . 
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The sample area was established in the main square at Montagnana , 
as it is rich i n architectural elements both of building units 
and urban facilities , the first ones nearly completely surveyable 
by aerial and terrestrial shots , the second ones by aer i al shots ; 
the whole then integrated, as for the non-visible e l ements , by ter 
restr i al surveys . Accuracy was especi ally aimed at , taking into
account the map - scale . 

Flight . - During Spring 1 979 three parallel strips were carried 
out covering completely the ancient center of Montagnana . A sin 
gle- motor aircraft was employed on which a 300 mm Ze i ss camera
was mounted , 1/ 1 000 stop , overlap 60% approx .; flight height 
300 m approx . Photograms resulted therefore at a scale ranging 
from 1:9 00 to 1:1 000 . Draggin g effects were negligible . Pr i nting 
of positives on 0 .1 8 mm fi l ms . 

Ground control points for aerial and terrestrial restitution of 
photographs . - The network consists of a precision polygonal clo 
sed around the v i llage , slightly l arger than 2 km , with two tran 
sversal branches along the main street a xes and perpendicular o
ne another . The network p l an i metric adjustment gave a m. s . e . on 
each vertex not exceeding + 20 mm . The network is framed into the 
nationalreference system (Gauss - Boaga) with 1 vertex and 1 azi 
muth without distance cartographic reductions. All the vertexes 
are materiali zed in fi x landmarks: plani metric coordinates of pho 
tographic control points were determi ned by irradiation starting
from the said landmarks for aerial photograms , and plano- altime 
tric coordinates , when necessary , of poi nts signalized on fa~a= 
des for terrestr i al photograms . 

Heights of ground points were determined by geometric levelling . 
Accuracy of control points i s of the same order as that of the 
frame ' s vertexes . The three successive aerial photograms inclu
ded the whole studied area . The two resulting models are based 
on 15 uniformly distributed points and determined in their three 
coordinates . 

Terrestrial shots . - Bi-cameras (SMK 120) were mainly employed ; 
for few shots only a monocamera (Wild P31) , 1 00 mm focal length 
was used . They were a l ways with horizontal axis , after positio
ning of the camera on the ground or on the top of an especially 
equipped car , owing to the low height of buildings facing the 
streets . Orientation and d i mensioning of photograms taken by the 
hi-camera were carr i ed out not only by the usual operative tech 
nique , namely positioning a rod at the building , but also assu
ming some photographic points of fa~ades as having the same coor 
dinates obtai ned by aerial shot restitution. 

The expedi ency of such a procedure was checked on some buildings 
by absolute or i entation of the mode l on some points marked on the 
fa~ade and determined by the contro l topographic network and then 
by restitution of terrestrial model of points common to the aer~ 
a l model and comparison with their abso lute coordinates . The nu
merical results of residuals which are satisfactory for now, do 
not a llow a meaningful statistical interpretation owing to the 
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sample ' s smallness . A wel l-grounded belief is however admitted 
that as for 1: 200 scale mapping , the method is quite effect i ve . 

Aerial shot restitution . - The instrument used was an OMI AP/C3 1, 
an analytical instrument that OMI itself put kindly at our dispo
sal and whose performance i n this very field will undergo a fur 
ther improvement as the AP/C 4 model i s near to be produced . Re 
stitution was consequently done partly at OMI , Rome and partly in 
the Istituto di Topografia , Foto grammetria e Geofisica del Poli 
tecnico , Milan , where the instrument was successively planted . So 
me starting i~conveniences due to usual checking problems were -
overcome but they unavoidably i nfluenced the foreseen working pro 
gram . The particular software characteristics of the instrument -
too required some fitting and operative devices . The use of an 
analytical instrument was whosen as more versatile and suited to 
the aim . The possibility of i ntroducing focal lengths of aerial 
as well as terrestrial shots even if different as in the case of 
the bi - cameras , the point numerical restituti on speedness and its 
accuracy make it the ideal instrument when continuous passage is 
required from aerial to terrestrial shots and viceversa . 

The model absolute ori entation is possible on AP/C 31 by means of 
a maximum of 12 known points . This procedure was fol l owed for our 
tvm models , with 8 ground points in a l l for the first and 7 for 
the second one : 1 and 2 ground points respectively were neglected 
due to their unsure position or poor v i sibility . Table I reports 
the absolute orientation residuals of the two restituted models . 

TABLE I 
==================================-============================== 
Points Model 1 Model 2 

residuals (em) residuals (em) 

X y z X y z 

1 0 . 0 0 . 6 0 . 9 -1 . 8 0 . 3 - 0 . 3 
2 0 . 0 0 . 0 - 2 . 5 - 3 . 0 0 . 0 5 . 5 
3 4 . 2 0 . 6 - 3 . 3 0 . 0 0 . 0 0 . 1 
4 - 7 . 9 - 7 . 4 2 . 7 3 . 6 0 . 7 - 7 . 1 
5 4 . 2 0 . 9 6 . 8 - 2 . 4 0 . 1 0 . 2 
6 3 . 6 2 . 7 0 . 4 - 4 . 8 4 . 4 3 . 8 
7 - 5 . 4 - 4 . 2 - 2 . 9 1 . 2 - 5 . 9 - 2 . 2 
8 -1 . 2 6 . 4 - 2 . 2 

The orientation ' s angular parameters never exceed 2g . Graphic r~ 
sti tution , including a little smaller than 3 hectares ares , has 
considered the aims of the map itself , which may be summarized , 
taking into account the reasons e xplained in / 1/ , on the two pla 
nime t ries on which the programmed cartographic maps are based ; -
they form the two roof- height and ground maps and give graphic 
information on all the most meaningful and possible e l ements of 
this scale . The drawing is completed by numerical , literal and 
symbolic marks explained in the legenda , aiming also at under
lini ng its technical and instrumentalvalue , avoiding its weighing 
with over direct-information and graphic descriptions . A suitable 
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numerical codification allows to find on the map - margin the re
spective absolute coordinates for the points of geometrical in
terest in the planimetries (edges, building caissons, eaves, etc . ) 
what requires the coded recording of all the restituted points a 
mong which the essential and meaningful ones are chosen, still -
being however all available . The map or the two cartographic dra 
wings are partitioned into d.5 x 0 . 5 m2 squares according to the 
official network so as the everytime represented area be 1 hectare . 
A 20 mm "dumb" out-framing eases the connection of contiguous 
squares . This map completed with significant numerical informati 
on turns out to be in our opinion easily readable, and allovTS the 
spatial framing of building reliefs at a detailed scale . Fig . 1,2,3 
represent the said drawings . 

Restitution accuracy tests . - The tests were made in two times : 
the first is a repetition of the analytical restitution , the se 
cond is a direct ground control . As for the first one , a re - orien 
tation of the first model was made . Table II shows the residuals
of the con~rol points of the repeated ~1odel 1. The control points 
of the previous operation have been used . 

TABLE II 
================================================================ 
Points 

1 
2 
3 
4 
5 
6 
7 
8 

X 

0 . 6 
-4.8 

5 . 4 
0 . 0 
0 . 0 
0 . 6 

- 3.0 
0 . 0 

Model 1 (repeated) 
residuals (em) 

y 

2 . 0 
-4.4 
-1 . 5 

0 . 0 
0 . 0 
2 . 8 
0 . 9 
0 . 0 

z 

1 • 1 
- 3 . 5 
-3.1 

3 . 7 
4 . 9 
5 . 1 

-5.3 
- 2 . 9 

Orientation parameters are practically the same as in the first 
test. The restitution was then repeated for a qualitatively se 
lected series of points . The certainly and clearly individuated 
ground points as edges of traffic signals , manholes , etc., were 
separately considered from the as well sure ones but more diffi 
cult to be collimated due to their nature as f.i . the bases of
buildings, of arcades , etc .; the same was made for non- exactly 
identified points generally on height as balconies , eaves, chim 
ney-tops, etc . The results are summarized on Table III . -

As one can see , the kind of the point influences somehow the re 
stitution accuracy ; well individuated ground points even if nu
merically few, show lower m. s . e . 

Averaged va l ues show some systematical differences in coordina
te y , due to a different positioning of the model in the se 
cond restitution as to the f i rst one . It must be stressed that 
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TABLE III 
=============~=====-========================= ·======~=====r====== 

Kind of Co or N- of points wi:t h dis tan Total Ave m. s . e . 
poin t dina 6. 2-and 1 - resti t u of 

-
- ce f r om r age em tes -

tion comprised between em :pJints em 

0~6.<5 J 5~6. < 81 8~6. <1 2 1 >12 

Eaves edges, X 82 7 4 1 0 . 4 3 . 5 
roof- tops , sky y 41 47 5 1 94 - 3 . 8 5 . 2 
l i ghts , chim-
ney-tops , bal - z 78 11 5 0 1 . 9 3 . 7 
conies , etc . 

Groud points X 55 8 1 3 0 . 7 4 . 7 
like bases of 30 22 7 8 67 - 5 . 9 7 . 8 
buildings , pi_l. y 

lars , etc . z 48 1 6 3 0 3 . 1 4 . 2 

Ground points X 1 7 7 2 0 3 . 9 4 . 5 
l i ke manholes , 1 7 8 1 0 26 - 2 . 5 3 . 7 pedestrian y 

crossings , etc . z 24 2 0 0 0 . 0 2 . 6 

the 13 values h i gher than 1 2 em are really little exceeding such 
value : the max values is 18 ern . The compari son between absolute 
coordinates of ground points fi xed by topographic method and the 
restituted coordinates of the same points ensures that the diffe 
rences are of the same order as between the two different restitu 
tions . The values found may be improved by taking i n to account the 
experience , but they are altogether significant on t h e real possi 
bilities to r eali ze 1: 200 scal e maps . -

Graphic drawings to be mapped at 1: 200 constitute as said / 1/ an 
integrated whole of maps and prospects bearing defined functions 
and meaning . One of the general aims of this complex of represen 
tations is to supply a unifying spatial reference frame to act as 
a model for a ll the detai l ed scale surveys whi ch , l ike 1: 200 re 
spect to l ower scales , may be positioned and oriented within the 
mesh of 1 hectare sti ll keeping the intrinsic accuracy characteri 
sti es typical of different scales . Such a system a llows practical 
ly expectations for a r eal co- ordinati on of all types of cartogra 
phic production also for h i ghly detai led scales and according to
the systems of projection most fitted for survey operations and 
drawing purposes . 

Cata l oguing problems of h i storic and artistic monuments woul d thus 
probably f i nd more practical and reso l uti ve answers . 
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Fig . 2 - Above : 1 : 200 roof map (detail in the network mesh) 
Below : making- up of the prospect geometr i c schema accor 

ding to a network axis 
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Fig . 3 - Ground map showing the l ocation of network mesh 
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