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Polimi 

The search of material for the reconstruction of the Roman circus has followed several different lines, all 
oriented to the integration of the maximum pieces of archival information, possibly useful for shading light 
on the structure to be reconstructed in its temporal evolution. 
In particular, the following action has been carried out: 

1. bibliographic research for identifying the most significant publications related to the area under 
investigation and on the Roman circuses of the same historical period. For this research the support 
of Dr. Annamaria Fedeli from the Archeological Superintendency of Lombardy and Antonella 
Caporusso, director of the Archaological Museum of Milan has been greatly valuable. The search has 
provided the following result: 
 

Felix temporis reparatio : atti del Convegno archeologico internazionale  
Milano capitale dell’impero romano : Milano, 8-11 marzo 1990" 
AAVV, a cura di: Gemma Sena Chiesa e Ermanno A. Aslan 
Pag.: 46-60; 137-156; 171-192; 412-440. 
 
Milano preromana, romana e barbarica 
Alessandrro colomboColombo 
Prima edizione: Famiglia Meneghina Editrice, milano, 1928 
Riedizione: Libreria Meravigli Editrice, Milano, 1980 
Pag.: 101-144 
 
Milano capitale dell’impero romano: 286-402 d.C 
Catalogo della mostra (Milano, Palazzo Reale, 24 gennaio - 22 aprile 1990) 
AAVV, a cura di Gemma Sena Chiesa 
Silvana Editoriale, Milano, 1990 
Pag.: 91-150 più tavole 
 
Milano romana 
Aristide Calderini 
Edito da Istituto Ortopedico 'Gaetano Pini', Milano, 1965 
Pag.: 43-142 
 
Milano romana 
Mario Mirabella Roberti 
Rusconi immagini, Santarcangelo di Romagna (RN), 1984 
Pag. : 8-40; 63-68; 78-84;  
 
L’area del Monastero Maggiore in epoca romana 
Paul Bloclkey, Donatella Caporusso, Nicoletta Cecchini, Anna Ceresa Mori, Lucia Miazzo, Carla Pagani, 
Anna Provenzali 
Editore Comune di Milano - Civico Museo Archeologico, Milano, 2013 
 
Il circo romano 
Alberto De Capitani D’arzago 
Casa Editrice Ceschina, Milano, 1939 
Pag.: 1-80 più tavole 
 
Roman Circuses: Arenas for Chariot Racing 
John H. Humphrey 
B. T. Batsford Ltd, London, 1986 
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Pag.: 18-53; 579-638; 687-691 
 
La città e la sua memoria, Milano e la tradizione di Sant'Ambrogio 
Atti del convegno La città e la sua memoria, Milano e la tradizione di Sant'Ambrogio, Museo Diocesano 
ai Chiostri di Sant'Eustorgio, Milano, 3 aprile-8giugno 1997 
AAVV, a cura di M. Rizzi, Cesare Pasini e Maria Pia Rossignani 
Electa, Milano, 1997 
Pag.: 20-39; 70-103 
 
Milano 
Lucio Gambi, Maria Cristina Gozzoli 
Editori Laterza, Milano, 1982 
Pag.: 5-9; 201-238; 279-332 
 
Milano città fortificata 
Mario Mirabella Roberti, Antonello Vincenti, Gian M. Tabarelli 
Istituto Romano dei Castelli, Roma, 1983 
Pag.: 11-143 
 
Milano città fortificata vent'anni dopo 
Atti del convegno, Milano, Castello Sforzesco, 1 ottobre 2003 
AAVV, a cura di Graziella Colmuto Zanella e Damiano Iacobone 
Quaderni del Castello Sforzesco, n° 5, 2005 
Pag.: 1-47 
 
Supplemento XVIII 1997, Rassegna di studi del Museo Archeologico e del civico gabinetto numismatico 
di milano. 
AAVV, a cura di Ermanno A. Arslan 
Pag.: 1-78 più tavole 
 
Milano Antica, V secolo a.C - V secolo d.C.  
Guida Civico Museo Archeologico di Milano 
AAVV, a cura di Donatella Caporusso 
Edizioni Et, Milano, 2008 
 
Immagini di Mediolanum, Archeologia e storia di Milano dal V secolo a.C - V secolo d.C.  
Donatella Caporusso, Maria Teresa Donati, Sara Masseroli, Thea Tibiletti 
edito da Civico Museo Archeologico, Milano, 2014 
 
L'area archeologica del monastero Maggiore di Milano, nuova lettura alla luce delle recenti indagini 
P. Blocley, N. Cecchini, C. Pagani 
Quaderni del Civico Museo archeologico di Milano e del civico gabinetto numismatico di Milano 
fascicolo 4. Numero speciale, anno 2012 
Editore Comune di Milano - Civico Museo Archeologico, Milano, 2013 
 
Considerazioni sulla topografia e le origini del cimitero milanese ‘ad martyres’ 
Marco Sannazzaro  
«Aevum», 1, LXX, 1996 
Pag.: 81-110 

 
2. Search in the archives of the Archaeological Superintendency of Lombardy, of old drawing 

representing pieces of archaeological evidence related to the area, examined, like those shown for 
example in Figg. 1 and 2. 
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Figure 1 - Survey 77c-1989. Source: Archives of the Archeological Superintendency of Lombardy. 

 

 
Figure 2 – Survey 6c-1949. Source: Archives of the Archeological Superintendency of Lombardy. 
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3. Systematic search in the photographic archives of the Archaeological Superintendency of Lombardy, 
of the images associated to the archaeological records associated with the region of interest. 1100 
images have been examined, 421 of which has been selected, together with the associated metadata. 
In Table 1 a synthesis of the images found, associate to different locations in the area, is reported. In 
Figure 3 an example of the type of images found with this research. 
 

Table 1 – List of the images associated to the archaeological records associate to the area of interest and conserved at 
the Archaeological superindency of Milan, that have been considered for this project. 

Topic Total Selected 
Circo romano 378 72 
Via Ansperto 297 94 
Via Vigna 67 15 
Via Circo 130 51 
Via Torchio 86 57 
Via Luini 25 25 
Via Cappuccio 74 70 
Via Medici 15 5 
Via Morigi 28 28 
Via Nirone  4 4 

Total 1104 421 
 

 

Figure 3 – Example of photographic material available in the photo archives of the Archaeological Superintendency of 
Lombardy: some remains of three pilasters of the circus photographed in the ‘50s, during the reconstruction after WW2, 
nowadays not accessible anymore because covered by the reconstructed buildings. 
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4. Search in the archives of the Municipality of Milan, of the historical cadastral maps related to the 
region of interest. In particular the following maps has been used: F205_038600; F205_038700; 
F205_038800; 

5. Extraction from the Territorial Data Base of the most recent map of the area of interest, originated 
by aerial images taken in 2012, shown in Figure 4. 

 
Figure 4 – Area of the Roman Circus of Milan, extracted by the Territorial Data Base of Milan (2012). 

6. Search into the Prints Archive “Achille Bertarelli” in the Sforza Castle of Milan, of some historical 
maps of the city useful for supporting a diachronic reconstruction of the area of interest, like those 
shown in figures 5 and 6. 

 

 
Figure 5 – Map of Milan, etching printing published by Gabriel Bodenehr, Augsburg, 1725. Source: Prints Archive "A. 
Bertarelli", Milan, Italy. The area in the red circle corresponds with the region where the circus used to be. 
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Figure 6 – Map of Milan, as it was in ancient times, published in 1760. Source: Prints Archive "A. Bertarelli", Milan, Italy. 
The area in the red circle shows the circus. Although the position is right, demonstrating that the existence of the circus 
was known, the orientation is opposite to the actual orientation gathered from the surveys on the field. 
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NCL 
An extensive archive search was conducted in order to identify existing materials, with particular focus on 
historic aerial photographs, including the Historic England (HE) Archive and Newcastle University’s archives. 
Although more data were available, two epochs of archive aerial photograph datasets were initially selected 
for each of the three study sites to complement the modern day epoch: one from the 1940s, one from the 
1980s or 1990s, as listed in Table 2. Selected archival photography was subsequently digitised at high 
resolution (600 dpi for the earliest datasets, 2000 dpi for 1980s/90s) by the HE Archive free of charge to the 
project.  
 

Table 2 - Archive aerial photograph datasets at Beckfoot, Birdoswald and Corbridge. 

Location Year Type of photography No of photographs 

Beckfoot 1991 B/W vertical 4 
 1948 B/W vertical  4 

Birdoswald 1990 RGB oblique 12 
 1946 B/W vertical 4 

Corbridge 1991 B/W oblique 1 
 1984 NIR oblique 1 
 1984 B/W vertical 24 
 1946 B/W vertical 3 

 
Archival photography was not digitised using a photogrammetric scanner and the camera calibration 
information was unavailable. Hence, in order to generate 3D dense point clouds, orthomosaics and digital 
elevation models from the archive photography, a structure-from-motion (SfM) and multi-view stereo (MVS) 
pipeline was implemented using Agisoft Photoscan. 1991 and 1984 NIR SfM-MVS products could not be 
reconstructed due to fewer than three aerial photographs existing for those epochs (Table 2). These 
photographs were therefore individually georeferenced and rectified with respect to the modern day SfM-
MVS orthomosaics. Discernible terrain features, considered to have remained stable over the years, were 
identified on both archive and modern day datasets. These were utilised to scale and orientate all SfM-MVS 
point clouds into a common fixed reference frame (Ordnance Survey (OS) Great Britain 1936, OSGB36).  
 

 
Figure 7 – Visualisation of a) 1948 Beckfoot, b) 1946 Birdoswald and c) 1946 Corbridge 3D SfM-MVS dense point clouds. 
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Figure 7 shows three examples of SfM-MVS 3D dense point clouds from the late 1940s. The dense image 
matching routines used in the SfM-MVS pipeline often performed poorly on archival datasets. This can be 
seen, for example, in the 1946 Corbridge dataset where data voids are clearly visible in the model (Figure 
7c). Such data voids are particularly apparent in the middle of open fields where image texture is lacking. 
Figure 7 also indicates the location of the common terrain features used as ground control points (GCPs) for 
georeferencing in the SfM-MVS pipeline. GCP distribution was often suboptimal as few features could be 
identified precisely across open fields due to the passage of time. This adversely affected the absolute 
orientation accuracy of SfM-MVS outputs. Accuracy assessment of the SfM-MVS processing and the co-
registration, based on ICP matching routines across archive and modern datasets, is reported under 
deliverable 3.3. 
 
Archival aerial photography was complemented by other data provided by English Heritage (EH) and 
Newcastle University, including historic topographic maps, topographic and geophysical surveys and 
drawings. For example, Figure 8 visualises a historic map, supplied by EH (English Heritage, 2018), which was 
georeferenced and rectified with respect to current-day Ordnance Survey topographic mapping. The EH 
historic map illustrates buried archaeological features (e.g. courses of Roman roads, mausoleum base 
structure etc.) which extend beyond the managed site of excavated archaeology, seen in blue. These features 
were also partly observed on archive aerial photography. All historic, modern and complementary 
georeferenced datasets together with the SfM-MVS outputs were recorded in an ArcGIS geodatabase to 
support the cultural heritage landscape evolution.  
 

 
Figure 8 – Map of visible, buried and other cropmarks across Corbridge Roman Town superimposed onto the 2016 SfM-
MVS orthomosaic. 
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USAL 

The USAL study case, Alcázar Gate, is the most solemn element of the entire Medieval Wall of Ávila. This gate 
is constituted by two large towers joined by a bridge (which is a unique and a singular element between the 
European walls) that reinforces the defense of access. There is no record of an exact date of the beginning 
of the construction of the Alcázar Gate (or citadel), but we can know from the history of the city of Ávila that 
the Alcázar Gate dates back to the second half of the 12th century, as indicated by the letters of Sancho IV 
addressed to the income collectors. However, the oldest graphic document that can be found is a painting 
belonging to the painter Anton Van der Wyngaerde who, on behalf of Philip II, paints the city of Avila in 1570. 
Due to its dilapidated state of conservation, in 1584 a direct intervention is carried out by Felipe II. The 
Alcázar Gate continues to be restored and modified, and already in the eighteenth century the Alcázar Gate 
definitely lost its status as a fortress to go through different uses. In 1749, with the cession of Fernando VI, 
the Alcázar Gate became a fortress and numerous reforms as opening windows, even demolishing two cubes 
of the wall and reducing the height of another, were done. 
In the outer walls of the Alcázar Gate were found patrimonial elements that today no longer exist, such as 
the house of the Alhóndiga, build, in 1590, from the southern tower of the Alcázar Gate, that was, formerly, 
an establishment where people sold, bought and even stored grain. This building throughout its history had 
different uses, cereal market, jail of notables, barracks of the civil guard and, before its demolition in the year 
1882. 
 
For the present study case, the most reliable historical resources are found in the plans of Juan Gómez Parral 
of 1749 (Figure 9a and 9b), and the plan of Pedro Moreau of 1750 (Figure 9c) in the conversion of the citadel 
to barracks. In this reform, according to the legend, a plant was built for the barracks inside which masonry 
arches are made, a square and a guard portal are created, as well as bedrooms and a gallery. We must 
highlight the opening of windows and the construction of an official gallery. The latter is of great importance 
since, as a consequence, two towers belonging to the Alcázar were demolished on the South canvas and the 
height was reduced in six rows of the Polvorín tower. The Alcázar is again in a ruinous state according to a 
report dated in 1780, and the reforms carried out in 1806 and 1813 do not solve the serious problem of 
deterioration. From this moment, the nineteenth and twentieth centuries lead to the total destruction of the 
Alcázar (1930). 
 

   
a) b) c) 

Figure 9 - Different historical sources employed: a) Juan Gómez Parral, 1749 (AGS. MPD. 14-027); b) Juan Gómez Parral, 
1749 (AGS. MPD, 14, 028); c) Pedro Moreau, 1750 (AGS. MPD, 14, 029). Source: National Archive of Simancas (Spain). 

Other historical documents employed and analyzed were: 
• Historical photographs. 
• Maps. 
• Written testimonies. 



 
 

 

 
Page 11 of 16 

To collect them it was necessary to perform an intensive documentation work of the element under study. 
The knowledge coming from these sources was added and weighted in the analysis by means of constraints 
about the buildings materials, constructive techniques and additional geometric constraints of those 
buildings that do not exist currently. 
The role played by the different data sources is related to their antiquity since present intrinsic 
inconsistencies, especially further back in time. In the case of the graphical material, old photographs are the 
most reliable, although they only cover a small temporal interval. These historical photographs used to be 
oblique and thus allow the single view reconstruction, being able to extract geometric proportions, and even 
a partial reconstruction depending the geometry of the shot. 
In the present study case, a total of three individual old images from c. 1860 – 1870 were considered (Figure 
10). They cover a temporal keyframe, where some extramural buildings were modified. They played a key 
role along with the plans, since they provided objective information, in spite of the lack of scale or another 
direct metric information. 
 

  
a) b) 

 
c) 

Figure 10 - Old images of extramuros buildings. (a) Mariano Moreno, from Moreno archive (00004_C). (b) Laurent, J. 
from Ruiz Vernacci archive (VN-06348). (c) Laurent, J. from Ruiz Vernacci archive (VN-17214). Source: Spanish Cultural 
Heritage Institute. 
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The other graphical source was a city plan from c. 1865, whose use in the project is marginal. Its low 
resolution, due to the small scale (around 1:10,000), has limited the accurate location of the surroundings of 
extramural buildings, e.g. the circular fountain (Figure 11). 
 

  
(a) (b) 

Figure 11 - Francisco Coello’s map. Public domain. (a) General view. (b) Detail of Alcázar gate. 

Finally, the written testimonies, which cover a temporal framework from c. 1860 to 1870, and an isolated 
one from c. 1935 describe the geometry of the citadel, the defensive system or the transformation suffered 
by the asset. In spite of being non-graphical, they were used as a constraint source when there was not 
graphical information available or there were discrepancies between the graphical information, the 
constructive hypothesis and/or the current remains. 
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SSSA 

Results of research concerning historical data were published (Glowienka et. al. 2017).  
Historical data for our case study (Figure 12) were one of the data sources applied in the project (Table 3). 
The visualization of 3D models obtained from LiDAR data (ALS) for selected forts are in Figure 13. Analysis 
were aimed at identifying architectural changes occurring in different time periods in relation to selected 
objects of the Krakow Fortress. For the analysis, the following LIDAR (Light Detection and Ranging) data was 
applied: Digital Terrain Models (DTM), Digital Surface Model (DSM), as well as the cartographic data: maps 
and orthophotomaps.  
All spatial data was obtained from the Polish Main Office of Geodesy and Cartography (Główny Urząd 
Geodezji i Kartografii - GUGIK). The majority of the cartographic data is available in the form of Web Map 
Services (WMS) on Geoportal (www.geoportal.gov.pl). The archival data was made available by the Historical 
Museum of the City of Krakow or obtained from private collections. In order to conduct a thorough analysis 
of objects of the Krakow fortress, DTM and DSM data was obtained, either in ASCII format, or in the source 
*.las (LIDAR) format.  
On the basis of DTM and DSM, the degree of destruction of selected fortress objects was determined, 
occurring as a result of the action of demolishing those objects in the interwar period (1920-1939) and in the 
1950s. The research has been made on the basis of all available cartographic materials, both archival (plans, 
maps, photos) and current (topographic map, orthophotomap, etc.) ones. Verification of archival maps and 
plans was carried out by comparing current digital images of the existing forms of fortifications with designs 
developed by the Austrians. As a result, it was possible to identify the differences between the original 
design, and the current state of the objects concerned. The analyses, which have been conducted, also 
allowed checking the legitimacy of locating the forts in terms of the object visibility from the enemy's side 
(foreground), presence and number of "dead fields" in the foreground, the effectiveness of blurring 
characteristic military forms by means of masks formed from tree rows and shrubs. Furthermore, the 
analyses involved examination of the impact of erosion resulting from the natural process of silting drains of 
forts' ground forms, as well as processes of obliterating of the slopes, sliding of the scarps, and flooding of 
moats and caponieres. “ (Głowienka et. al. 2017) 
On the basis of DTM and the DSM, the degree of destruction of selected fortress objects was determined, 
occurring as a result of the action of demolishing those objects in the interwar period (1920-1939) and in the 
1950s. The research has been made on the basis of all available cartographic materials, both archival (plans, 
maps, photos) and current (topographic maps, orthophotomaps, etc.) ones. Verification of archival maps and 
plans was carried out by comparing current digital images of the existing forms of fortifications with designs 
developed by the Austrians. 
Changes between archive data and current state are presented for one of the selected objects in Figure 14 
and Figure 15. Profile line based on plans are in pink, current state in black. Existing fragments of the fort is 
shown in red, while from archival data in yellow (in this case mainly – moat backfills). 
Based on the comparison of the archival data with the current data, information has been obtained on the 
differences between original designs and actual implementation of them, and the existence of errors in 
historic documentation. As a result of the analysis of models from different periods, it was possible to identify 
substantial divergences between the condition of the forts in the beginning of the 20th century, and its 
present-day state. In addition, the effect of the flow time and the impact of natural factors were observed. 
The influence of erosion as resulting from the natural process of silting drains of forts' ground forms, the 
blurring of the slopes, landslides of the scarps, flooding of moats and caponieres.  
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Figure 12 - Case study – Kraków Fortress (in red); selected objects in yellow 

 
Table 3 - Data types (Głowienka et al.2017) 

Fort	Name	 Archive	
data	

TLS	 ALS	 UAV	 Cartographical	
data	

Kościuszko	 +	 +	 +	 +	 +	
Batowice	 +	 +	 +	 +	 +	
Węgrzce	 +	 +	 +	 +	 +	

Marszowiec	 +	 -	 +	 -	 +	
Bastion	III	 +	 +	 +	 -	 +	
Łysa	Góra	 +	 -	 +	 -	 +	
Sudoł	 +	 -	 +	 -	 +	

 
 

 
Figure 13 - The visualization of 3D models obtained from LiDAR data (ALS) for selected forts: a) Kosciuszko, b) Lysa Gora, 
c) Sudol (Głowienka et. al. 2017) 
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Figure 14 - Kosciuszko fortress profiles (A-A', B-B') showing changes between archival plans and the current state. 
(Głowienka et. al. 2017) 

 

 
Figure 15 - The 3D visualization of the fortress Kosciuszko area, prepared on the basis of LIDAR data (ALS) and a 3D 
model derived from archival plans: a) complete object reproduced from Austrian documentation b) currently existing 
fragments of buildings - lack of the bastions no. I, II and the caponieres no. VI, VII.  
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