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4 SCIENTIFIC PROGRESS AND IMPACT REPORT 
 
4.1 PUBLISHABLE SUMMARY FOR THE PERIOD 
For all units the work of CHT2 has proceeded in months M6-M17 nearly as planned, despite the big difficulties of 

the Project Leader unit, that has not yet been financed by its national agency (i.e. the Italian Ministry of University 

and Research - MIUR) due to unjustifiable delays that put this project in the risky condition of not completing all the 

expected activities in its 30 months’ duration. Unfortunately, no guarantee has been given by MIUR about the timing 

for solving this situation. Currently the resources for supporting the project on the Italian side has been anticipated 

by other subjects found by the Project Leader with a tiring and time-consuming activity of fundraising that can’t give 

more than what obtained until now. So, if this situation of absence of funding from the official funding agency will 

not change in the next 2 months, no more resources will be available for continuing WP1 and WP3, whose 
responsibility is on the Italian unit PoliMI. 
CHT2 has been working on the full integration of the temporal dimension, its management and visualization, for 

studying and analysing Cultural Heritage structures and landscapes through time. This has been done by 

developing a methodology in the framework of WP2, that has been regularly delivered at M10.  

The project is proceeding with the collection of archival and real data on the field and the development of scientific 

methods for facing the four case studies in UK, Poland, Spain and Italy, that are being used for testing the 

aforementioned methodology. 

In addition, a significant dissemination activity has been started, with the participation to several specialized 

conferences in the field by representatives of all the CHT2 units, the production of a Massive Open Online Course 

(MOOC) by the University of Newcastle and the production of a TV program for a Spanish TV channel by the 

University of Salamanca. 
 
 

4.2 OBJECTIVES FOR THE PERIOD 
 

• WP1: The first objective was to guarantee the financing for the PoliMI unit for keeping the project alive, 

that should not have been one of the tasks of this project. In the framework of task 1.1, in addition to 

standard coordination activities, the aim was to use of the project web site was for publishing project news, 

together with the preparation of communication tools such as the project logo and the word template for 

the documents produced by the various partners in the framework of this project. At the end of the previous 

year some activity on the IPR issues was initially planned in this WP for this period, whose responsibility 

and effort was assigned to the POLIMI unit (task 1.2). However, due to the lack of financing mentioned in 

section 4.1, the limited resources available have been used for the regular management of the project 

(task 1.1) and the activity associated to task 1.2 has been postponed to next year. 

• WP2: Temporal studies are central to Cultural Heritage research for the investigation of change, from 

landscape to architectural scales. However, a variety of methods can be used for approaching this issue, 

therefore the development of an integrated methodology capable to include a multidisciplinary approach 

was critical for this project. For integrating both the technical view, given by the analysis of data collected 

by various sensors in different times, with the point of view of the humanities, more related with the analysis 

of text sources and archaeological remains, a specific document, coordinated by the USAL unit, was 

planned at M10. 

• WP3: The plan here was to start at M7 the collection of pieces of information in different forms, ranging 

from archival data (maps, images, etc.) to current data collected on the field, starting to merge them 
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according to the methodology produced within WP2. This is the hard core of the project because on this 

data collection the practical results originated by this project will be based. For this reason, most of the 

time resources of the NCL, SSSA and POLIMI units were planned to be concentrated on this activity this 

year. 

• WP4: A minimal activity was planned on this WP for concentrating the resources on WP3, that is resulting 

even more challenging than expected. 

• WP5: Start of the project website with all its functionalities, including the possibility for each partner to 

publish periodic updates in form of blog posts. In addition, on WP5 the project planned to start publishing 

the first results on international conferences dedicated to these topics, such as the ISPRS World 

Conference in Prague the ISPRS 3DARCH conference, the International Conference on Virtual Systems 

and Multi-Media and other similar international events. 

 

4.3 WORK PROGRESS, ACHIEVEMENTS AND FUTURE ACTIVITIES 
4.3.1 Progress, changes and remedies 
According to the agreement between the partners already documented in the first annual report, the updated work 

plan involves an arrangement of the various Work Packages according to the schema in Fig 1. 

 

 
Figure 1 – Updated Workplan, as approved after the KO meeting 

It has to be noticed that this slight change from the original work plan represent an attempt to manage in the 

smoother possible way a difficulty related to timing difference between the different partners due to their local 

funding agencies. This lead to a formal start of the project for the Italian and the UK partner on Sept. 1st 2016, while 

for the Spanish and the Polish partner the official start was on Jan 1st 2017 (M5 for the other two partners). This is 

why WP2, without changing its duration and effort per partner, was moved from M5 to M10 included. For the Project 

Leader this will involve an extension of fourth months of the whole project that will be negotiated this year with the 

Italian funding agency. 

According to such plan, the last 12 months (M6 to M17 included) have been mainly focussed on the final 

methodology definition and on data collections for the 4D modelling purpose.  

In terms of efforts, the planned number of Men Months allocated for the project are reported in Table 1 in the 

hypothesis of a regular effort. 

As shown by the numbers in Table 1, the two most time consuming activity were expected to be those associated 

with WP2 and WP3. In addition of such unbalanced effort on those two WPs, a further concentration of efforts on 

WP3 occurred due to the choices in the development of their work of the Polish partner, that spent part of the effort 

expected for WP4 redirecting it on WP3, also for the priority given by to the objective of obtaining the expected 4D 

results as soon as possible, anticipating possible publication and dissemination efforts.  
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 Total project 

Men/Month (MM) 

Total duration on 

the work plan 

Months (M) 

MM/M WP duration on 

the reported 

period 

MM on the 

reported 

period 

WP1 – Management 18 30 0.6 12 7.2 
WP2 – Methodology 27 6 4.5 4 18.0 
WP3 – Data acquisition 54 22 2.5 12 29.6 
WP4 – 3D models publication 33 23 1.4 11 15.8 
WP5 - Dissemination 30 26 1.2 12 13.8 

Total 162    84.3 
Table 1 – Men Months spent by the entire project in the different WPs for the reported period (M6-M17 included), 

hypothesizing a uniform effort during the project 

 

4.3.1.1 WP1 Activity 
A logo for the project and a word template for the various documents to be circulated by the partners have been 

created. The logo, shown below, is the project acronym with a graphical change in the “H”, that represents visually 

the evolution in time of a building, changing from a tower to a skyscraper, with the addition of an arrow symbolizing 

the time passing. The logo uses just two grey levels for avoiding any reproduction complexity, usually not suitable 

with the concept of logo.  

 
Figure 2 – CHT2 logo developed by POLIMI with the help of communication designers in the team 

The logo was used as iconic representation of the project in the Word template that was used for the production of 

the first deliverable (Methodology). 

 

4.3.1.2 WP2 Activity 
Multi-source data fusion is one of the main challenges to face 4D reconstruction and visualization of CH. This 

implies providing a solution for the combination of mixed data sources (both metric and non-metric) with the aim of 

creating time-varying representations. For this purpose, the suitability of the different sources of metric data have 

been systematized according to the CH objects size and complexity.  

Besides reality-based models, reconstructive models have also assumed an interesting role, for the possibility to 

visualize architecture that no longer exists. This is achieved through an analytical process based on the integrated 

knowledge of historical sources and real 3D data. For more than twenty years researchers have discussed the use 

of virtual reconstructions of environments that no longer exist as an instrument for the interactive interpretation of 

archaeological ruins or heavily stratified archaeological sites, for the presentation of generic cultural sites and even 

for new archaeological discoveries. 
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In order to define a shared standard based on strict methodologies, different relevant initiatives have been 

suggested by the CAA Virtual Archaeology Special Interest Group (VASIG), the Cultural Virtual Reality Organization 

(CVRO) and from the European project EPOCH (www.epoch-net.org). Some of these contributions have been 

reported in the London Charter (www.londoncharter.org), the main aim of which was establishing internationally-

recognized principles for the use of computer-based visualization by researchers, educators and Cultural Heritage 

organizations.  

On the basis of such criteria, several 4D projects have been developed that have integrated 3D data capture of a 

contemporary scene with 3D data of the same site reconstructed from paintings representing rigorous perspective 

views, from plans giving the horizontal footprint of a building and drawings for reconstructing the elevation, from 

written sources describing different historical stages of a building, or using the size of actual excavated decorations 

and the knowledge of specific rituals for adding geometrical constraints to the geometrical reconstruction of a 

religious building. 

The 3D digital reconstruction and documentation of existing CH assets for their next 4D visualization is a complex 

task that typically involves a hybrid approach to fuse heterogeneous datasets.  

The use of integrated approaches and technologies represents a crucial aspect since CH elements and sites usually 

present peculiarities that do not allow the definition of standard methodologies and procedures for every situation 

and context that it is possible to find. Investigations have confirmed, on the one hand, that the workflow is often 

complex and requires expert assessment. On the other hand, it has been shown that the optimization of final models 

is the best practice. In order to overcome these critical aspects, the geo-technologies that can be used and 

combined in order to acquire 3D information of CH are classified according to the scale of the study (Fig. 3).  

 

 
Figure 3 – Three dimensional survey techniques characterised by scale and object size 

In addition to 3D digital surveys, performed through an integration of different technologies, the reconstruction of 

structures that are nowadays partially or totally destroyed might be based on a multiplicity of historical documents 

that very often have non-metric properties, such as: 

 

• historical maps; 

• ancient photographs; 

• ancient drawings and sketches; 
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• ancient paintings, which represent tilted views of non-existing scenarios (especially useful for the height 

reconstruction of buildings); 

• other historical iconography; 

• written descriptions on ancient texts; 

• indirect geometrical deductions. 

 

The first step for historical reconstruction started with redesigning in CAD software an updated version of the 

documents (e.g. ancient maps), or applying some perspective estimation deduced from the old graphical 

representation. Such historic data lack in objectivity and mutual coherence due to reasons such as: the line 

thickness of old drawings; the presence of errors in ancient surveys and restitutions; the distortions introduced by 

the different reproduction devices used to generate the current paper instance of a particular document; improper 

conservation of the original document (e.g. due to humidity/temperature stress), that may give a low accuracy in 

the final representation. Such lack in objectivity required a further step for adaptation from rough graphic output of 

the traditional representation technique to the precise CAD drawing, maintaining a proportional coherence between 

single pairs and the whole. The presence of non-coherent variation in dimension and proportion among drawings 

of different historical periods was compensated by non-uniform scaling.  

Aside from the working scale, there are certain parameters that will influence data acquisition planning and data 

processing and, therefore, will provide the best suitability towards using a specific technology.  

Once a 4D dataset has been collected and registered, it is necessary to use specific tools and methods that will 

allow their integration in order to undertake CH management, analysis and visualization tasks. Although Building 

Information Modelling (BIM) is used in modern architecture for representing buildings, not only graphically but also 

as a hierarchy of functional parts, its concepts have been ported to the world of ancient buildings, leading to the 

term Heritage BIM (HBIM). This also requires an interpretation of the collected 3D data that have to be subdivided 

in a semantically logical way. GIS and BIM models have the ability to integrate digital data and representations of 

the real world from different systems. They are not mutually exclusive but rather complementary methods that are 

used to support decision-making and problem solving depending on the CH scale. It is not easy to reach a global 

consensus in this matter; however, between rural landscape and architectural scales the difference becomes more 

noticeable. For these last two scales, a GIS and a BIM model, respectively, are the most suitable solutions to 

integrate the processed data. Meanwhile, for an urban landscape scale there is less of a consensus to decide which 

of the two systems is the most appropriate in this regard. This is because BIM is used in a relatively micro level of 

the real world (architecture and handles mainly indoor data) linked to three-dimensional solids and surfaces; and 

GIS is used in macro level of the real world (terrain, land parcels and outdoor data), traditionally paired with two-

dimensional data. The strength of GIS lies in the ability to provide data referenced by spatial or geographic 

coordinates. Thus, a GIS is both a database system with specific capabilities for spatially referenced data, as well 

as a set of operations to spatial data management. High-level geospatial datasets are required together with a 

relational database. The optimal situation would be to encompass the advantages of both systems, so that a final 

toolset would allow an easy data translation that optimizes the capabilities of the separate software and methods. 

In this regard BIM and GIS can be integrated into a unique system, which enabled tracking of the supply chain 

status and providing warning signals to ensure the delivery of materials. GIS is widely used for integrating, 

visualizing and analysing information about real world assets, such as buildings and transportation infrastructure, 

with surrounding context that may include environmental, demographic, structural, and scientific information. 

CHT2 proposal is to go beyond this state-of-the-art by creating new evidence-based methods that can be used in 

assessing and analysing past and future directions of change in the heritage field, thereby developing the concept 

of reconstruction for preservation and safeguarding, and data sharing for lost or hidden heritage assets. In this way 
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CHT2 will engender a collective awareness platform for Cultural Heritage understanding, leveraging the emerging 

"network effect" by combining open online social media, distributed knowledge co-creation and data from real 

environments ("Internet of Things") in order to create awareness of problems and possible solutions that will require 

collective effort and enable new forms of collaborative research and innovation). The methodological innovation 

consists of a structured pipeline for generating diachronic 3D models at geographical, urban, architectural and 

object scale. The digital reconstruction methodology is based on historical and philological considerations that will 

generate a feedback on the quantitative 3D data originating from instrumental measurements for hypothesizing a 

possible reconstruction of a certain scenario in a past state. Such reality-based 3D data will also produce a feedback 

on the historical hypotheses, enriching them and generating a loop that allows refinement of the 4D reconstruction 

to the optimum level possible from the present day and historical data. 

A specific effort will be focused on managing within the same data flow different levels of uncertainty embedded in 

the historical interpretations - potentially quite high - with the lower, although not negligible, uncertainty of survey 

methods for gathering the current state of a scenario. Although a unique logic will drive the project, two specific 

project threads will be developed for different survey scale ranges. Specific 4D visualization solutions will be 

developed to allow the browsing in space and time of the digital outcomes originated by CHT2.  

 

 
Figure 4 – Three cases of time-dependent 3D analysis covered within the framework of the analysis of our legacy 

through time 

4.3.1.3 WP3 Activity  
Most of the efforts of the project have been concentrated on WP3. The updated situation for the various partners is 

described below. 

 

4.3.1.3.1 USAL 

The study case was the Medieval Wall of Avila and in particular the Alcazar Main Door. This construction is the 

most important example of a military structure of the Spanish Romanesque style but also an exceptional model of 

the European medieval architecture. The construction of the city wall is perfectly adapted to the topography. The 

wall was used not only to defend the town of possible invasions or even to protect the people from possible pests 

or epidemics but also to control the trade of the city with the outside. The southern sectors are shorter as they are 

built upon a cliff that acts as a natural defense. The western and northern sections grow in height, reaching the 
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tallest and thickest points located in the east section. There are nine gates giving access to the town, of which the 

most awesome is the Alcazar Main Door. In 1884, it was declared a National Monument and in 1985, the old city of 

Ávila as well as its churches were included in the UNESCO´s World Heritage list in 1985. Some references state 

that the building dates back to 1090. Other researchers have argued instead that the wall's construction most likely 

continued through into the XII century. Its large size is a clearly example of a challenging CH sites for the recording 

and documentation processes. In spite of its linear nature (Figure 5), the towers and wall distribution, the gates, 

and neighbour city buildings make the data acquisition and processing difficult. 

 
a 

 

 
b 

Figure 5 – Avila city walls: a) survey with laser scanner; b) 4D reconstruction 

For this project, surveys with TLS, Photogrammetry and MMS technologies have been made as well as all these 

data were integrated with historical information related to ancient maps, historical images, drawings, iconography, 

etc. from the archival of Duque de Alba Foundation, Local Museum and the Council of Avila. 

The data processing and integration of the Avila’s city walls measurements generated a large point cloud model 

shown in Fig. 5a that was used as input for producing the reconstruction of the 4D model (Fig. 5b). 
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4.3.1.3.2 SSSA 

The test objects are several fortress in Krakov.  During the meetings with representative of the  City Monuments 

Conservator, City of Krakow (Halina Rojkowska-Tasak), Historic Museum (Piotr Opaliński) and Cracow Polytechnic 

(Dr Krzysztof Wielgus) test region of Cracow Fortress was draftly selected (June/August 2016). During several 

working meetings with P. Opaliński test objects were established by making a selection in order to obtain various 

types of forts interesting from a historical point of view.  

Selected objects belong to I and V Circuit Defence. It was the sector with the greatest strategic importance in 

Krakow Fortress because of its proximity to the Russian border. 

 

Objects were divided into three categories: 

I. Fortifications of the most interesting in terms of military significance and architectural form 

(Yellow on the attached map) 

II.  Fortifications important (Orange) 

III. Fortifications other (Green and red)  

 

Figure 6 – Location of different fortress in Krakow, surveyed and analysed in the framework of the CHT2 project 

 

Some of them (Fort Kościuszko, Fot Sudoł, Fot Batowice, Fort Węgrzce) have archival data that have been 

collected, manly historical plans and maps. Starting from this documentation, historical 3D models were prepared 

in CAD software from the scanned plans with the assistance of a specialist, experienced with the Cracow Fortress 

history, implementing all available data, which might be interesting for 3/4 D presentation. An example is spatial 

data (maps, orthophotomaps, Digital Terrain Models DTM etc.) shared by the the Main Office of Geodesy and 

Cartography (Główny Urząd Geodezji i Kartografii GUGIK). 

New registration was instead performed in 2016 for Fort Batowice and For Węgrzce using Terrestrial Laser 

Scanning (TLS) and Unmanned Aerial Vehicle (UAV).   

Terrestrial laser scanning was made during a Master Thesis preparation (Mikrut S., Struś A., Moskal K. 2016) using 

a Z+F IMAGER® 5010C. Resolution range of the scanner is 0.1 mm and the scans were performed with the 
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extremely high angle resolution of 100,000 pixels/360 H&V that takes 81 min (normal quality) and 162 min (high 

quality). 

UAV measurements were performed by Eurometrex (eurometrex.pl) using a Phantom 3 Professional DJI. 4K video 

at up to 30 frames per second and capturing 12 megapixel photos was accomplished. All new collected data were 

automatically processed with the Agisoft Photoscan software. 

 

 

a 

 

b 

Figure 7 – Fort Kościuszko: a) DTM; b) 3D model from historical plans 

 

a 

 

b 

Figure 8 – Fort Sudoł: a) 3D model from historical plans; b) 3D model from historical plans 

4.3.1.3.3 NCL 

In AD 122 the Roman Emperor Hadrian ordered a wall to be built, dividing Britain in half. Stretching over 117 km 

(80 Roman miles) from Bowness on the River Solway on the north-west coast of England to Wallsend on the River 

Tyne in the north-east, it was to become one of the most heavily defended frontiers of the Roman Empire. The Wall, 

complemented by a sophisticated system of outposts and coastal watch stations, offers a remarkable glimpse of 

ancient society. In addition to housing one of the largest concentrations of Roman soldiers anywhere in the Empire’s 

provinces, Hadrian’s frontier system was home to an incredibly cosmopolitan array of civilians. The Wall today 
(http://hadrianswallcountry.co.uk/), a designated UNESCO World Heritage Site since 1987, and its 

surrounding landscape is very different to that of Roman times, although significant portions are still visible in 

coastal, rural and urban settings. The remaining fabric and landscape of the Wall are subject to various modern 
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day stresses, for example tourism, urban development and natural hazards, making the Wall an ideal case study 

for the CHT2 project. 

The CHT2 case study focusses on three different study sites: Beckfoot, Corbridge and Birdoswald (Fig. 9), that 

characterise natural hazard phenomena facing the Wall in the 21st Century. The fort, civilian settlement and 

cemetery at Beckfoot (https://historicengland.org.uk/listing/the-list/list-entry/1007170), located to the south-west of 

the main Wall, has been subject to significant coastal erosion over recent centuries, with archaeology buried under 

sand dunes being frequently exposed by coastal processes. Birdoswald (https://historicengland.org.uk/listing/the-

list/list-entry/1010994) is one of the best preserved of the 16 forts located along the Wall, but, together with the 

nearby milecastle at Harrows Scar, is at critical risk to landslides instigated by fluvial erosion from the River Irthing 

to the south of the site. Finally, the modern day settlement of Corbridge (https://historicengland.org.uk/listing/the-

list/list-entry/1006611) marks the site of the most northerly town in the Roman Empire, but is subject to fluvial flood 

hazard from the River Tyne to the south. 

 

 
Figure 9 –Location map of CHT2 UK study sites overlaid on Google maps. 

As the primary aim of CHT2 is to merge heterogeneous information in order to deliver enhanced 4D heritage digital 

products, a variety of methods were used including historic mapping, archival aerial imagery, Unmanned Aerial 

Vehicle (UAV) sorties, airborne laser scanning (ALS) and geophysical surveys. Accurate new data acquisition 

took place at Beckfoot (UAV survey, archaeology and geophysical survey) and Corbridge (geophysical survey).  

 

a 

 

b 

 

c 

Figure 10 – Dense clouds taken from the different sites with various technologies: a) 2016 dense point cloud 

generated by SfM from UAV NIR imagery of Beckfoot; b) 2008 airborne laser scan of Birdoswald Roman Fort and 

surrounds; c) 1946 dense point cloud of Corbridge landscape generated by SfM from archive photographs 

supplied by Historic England / English Heritage. 
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Amongst other datasets, In each of the three case studies this has resulted in a heterogeneous timeline of disparate 

data streams that require reconciliation to be meaningful. For example, at Beckfoot, English Heritage archival aerial 

imagery from 1948 and 1991 has been digitised, augmented with ALS data from the UK’s Environment Agency for 

2009, 2010, 2013 and supplemented by 2016 UAV (both RGB and NIR imagery were captured), as well as 

geophysics survey. Core data for the Birdoswald and Corbridge study sites include similarly multifarious episodic 

surveys over similar time spans. 

Data for all study sites were processed following the CHT2 designated workflow, mentioned in WP2.  

3D data for each individual epoch shown in Fig. 10, were fused using various approaches, including surface 

matching and ICP routines, to ensure rigorous registration from epoch to epoch, thereby generating spatially 

consistent 3D time series for subsequent cultural heritage analysis. 

In order to maximise the value of research outcomes by promoting their transfer to individuals and organisations, 

CHT2 is also considering ways to best visualise and disseminate results. An example of such a visualisation from 

the Corbridge dataset is given in Figure 11. Material from the project is also feeding into a Newcastle University 

Massive Online Open Course (MOOC), entitled Hadrian's Wall: Life on the Roman Frontier. This free to participate 

MOOC is available at https://www.futurelearn.com/courses/hadrians-wall. 
 

 
Figure 11 – Visualisation of 2016 Corbridge landscape generated from archive photographs supplied by Historic 

England / English Heritage. 

 
4.3.1.3.4 POLIMI 

The case study covers the south-west area of the city centre of Milan that corresponds to the Roman Circus area. 

On this zone, it’s possible to see several traces of the different historical periods from ancient times until the densely 

urbanized structure of the present days. According to some archaeological finds, Milan was inhabited since the V 

century BC in the area corresponding to the current Via Meravigli, Via Valpetrosa, Piazza del Duomo. In this zone, 

some protostoric tracks converge, with traces of the following Roman roads still recognizable in the city plan. Such 

roads connected Milan with some towns and villages in its northwestern neighbourhoods belonging initially to the 

Golasecca culture, a prehistoric civilization who lived in the Ticino River area from the Bronze Age until the 1st 

century BC. The route towards Vercelli crosses the area studied within this research and corresponds to the current 

Corso Magenta. In II-I centuries. B.C. excavation works and levelling have been made, in order to adapt the ground 

to the Roman urban model. At that time, a first urban planning was conceived, probably maintaining the Golasecca 
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road network. The entire settlement occupied an area 80 hectares, with a spatial organization influenced by 

differences in height, watercourses and by the existing routes. In the second half of the I century. B.C. the 

Romanization of the territory was completed. With the arrival of the Romans and their culture, the investigated area 

was first dedicated to housing and productive activities. 

In the area, now occupied by the Archaeological Museum, recent excavations have revealed the presence of a 

domus belonging to various pre-imperial times. At the end of the I century BC, good quality residences and 

production activities should have been present, probably related to the metal extraction from the sediments of the 

Nirone river (then diverted to leave space to the Circus and city Walls), and the related processing. A subsequent 

domus must have been built in the I and II centuries AD, later transformed in a prestigious domus in the III century 

AD. For none of these buildings, unfortunately, a complete plan is known. 

In the 286 AD, with the tetrarchic subdivision, Milan became the capital of the Western Roman Empire, under the 

emperor Maximian.  During the imperial period, up to 402 AD, the area has been modified by the construction of 

major buildings such as the imperial palace, the circus and the defensive walls. 

The Circus was the open-air venue for chariot and horse races, or rather the place dedicated to the celebration of 

the Emperor's greatness and for this reason it was generally located near the Imperial Palace. The Milan’s circus 

was also adjacent the defensive walls with which shared the western part with it. This particular location has 

probably resulted in a number of peculiarities, such as the absence of the arc of Triumph on the apex of the curve. 

Although the circus of Milan was one of the most important of the empire, today only few traces are still visible: a 

tower of the city walls, a tower of the Carceres reused as a bell tower (formerly belonging to the Monastero 

Maggiore), and some sections of the walls or foundations in the private properties nearby, sometimes hidden in 

their interiors or in the basements.  

Historical sources report the existence of the circus until the Longbard's era. From that period, as happened to other 

monuments in Milan, the materials of the roman structures were used in other buildings construction. Archaeological 

studies were conducted mostly at the beginning of the '900 and after World War II, during the reconstruction of 

some private and public buildings, when it was possible to see the several archaeological remains. Many questions 

are still open about the building’s elevation and its relation to the surrounding area: the imperial palace and the 

town fortification walls.  

The area of the circus includes the Church of San Maurizio, whose nucleus is of early Christian origin and was built 

in the form we know today at the beginning of ‘500. The church was connected to Monastero Maggiore in Milan, 

one of the most important female monastery of the Benedictine order, active since the Carolingian age. 

The convent, among the largest and richest of the city, had its greatest extent in the ‘700, until it was abolished by 

decree of the Cisalpine Republic in 1798. After this event, it was used for laic purposes (barracks, female school, 

military hospital). 

During the‘800, the main cloister and the buildings connected to the opening of two new roads (Via Luini and Via 

Anasperto) were shot down. Other serious damage occurred, moreover, following the bombings of august 1943, 

during the World War II. Nowadays, unfortunately, only small portions of the monument remain visible and a lot of 

historical documentation has been lost in a fire during World War II. In the '60s of last century, the area of the 

complex was used as headquarters of the Archeological Museum of the Municipality of Milan (Civico Museo 

Archeologico di Milano) that still takes care to preserve the memory of the various eras represented in this part of 

town. 

The rest of the area occupied by the ancient Roman Circus is instead almost entirely occupied by residential 

buildings and small remains of the circus are still visible in the basements of modern buildings in that area.  
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Figure 12 – Plan of Milan Circus according to archaeological studies conducted by De Capitani D'Arzago. 

Legend: full red pattern: foundations of visible walls or put into light; obliquely red dashed line pattern: identified 

masonry foundations; red dashed lines pattern: supposed masonry foundations. 

The first kind of source taken in to account are the bibliographic resources to document the history of the city and 

the monument of the area. In particular, historical texts were considered, from which it is possible to infer useful 

information about life, state of the monument and reports of past and contemporary archaeological excavations.  

Especially important for the study of the monument it was the text of the archaeologist De Capitani D'Arzago that 

the late '30s of last century has thoroughly studied the circus theme, confirming the existence, location and essential 

size of them thanks to discovery of the parallel walls, some portion of the foundations and a large part of the curve. 

In Fig. 12 the positioning of all the recognized portion of the walls of the roman circus and in Fig. 13 the plan 

reconstruction of the monument. 

 
Figure 13 – Reconstructive drawing of the Circus and the Imperial Palace by F. Corni. 
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The literature search was also conducted in relation to other examples of imperial-era monuments and preimperial-

era domus; so it is possible make up with references to other historical cases to any missing information on the 

area under analysis.  

Another step of the work was a collection of maps, drawings and images concerning the various topics covered in 

the research. Drawings and historical paintings are fundamental to get information no longer available today. When 

possible data for individual monuments are searched. If these are not available, as in the case of the search area, 

historical representations of elements of the same typology and age are searched. 

This kind of approach is useful to have typological indications and to validate the reconstructive hypotheses 

proposed by scholars. In our case, for example, we have been researched sources regarding: (i) domus of pre-

imperial era; (ii) Roman circuses built in the Empire in the same period; (iii) monasteries of the Benedictine order. 

Unfortunately, in the case of Milan have come to us poor graphical representations of the monuments concerned 

during their period of use. Regarding more recent times, we have been collected all the drawings of survey 

campaigns carried out in the area. In the post war period, many buildings destroyed by bombing were rebuilt. In 

this phase the excavations for the foundations of the buildings have, in some cases, revealed archaeological finds 

that were sometimes enhanced in the same building while other times covered. In the latter case the survey 

drawings made during excavations are fundamental to get information about archaeological remains today no 

longer accessible. Then a depth iconographic research was carried out collecting also different maps from various 

periods that can highlight the urban structure of the area. About 60 city maps represented in different historical 

periods have been identified, at the Civica Raccolta delle Stampe Achille Bertarelli, and analyzed to study the 

evolution of the urban area. 

Another type of data taken into account are the photographs. Images of artefact or urban area from different points 

of view and about two or more different periods are a valuable support for the three-dimensional reconstruction 

work. Specifically, a research in the photographic archive at the Superintendence’s office was performed and with 

regard to the area of interest, about a thousand images have been found, of which about 100 were selected. This 

selection regards artefacts visible on construction sites or inspections of the superintendent. These images are a 

valuable documentary heritage because many artefacts are no longer visible, embedded in the foundations of 

modern buildings.  

Starting from a detailed map of the circus made in the late ’30 of the last century, the work is verifying the accurate 

current position of all the remains of the walls of the structure. This part of the work dealt also with a capillary search, 

in connection with the inspectors of the Superintendence of Milan, of all the street numbers of the actual buildings 

in which basements are still visible the remains. During this search, it was also stated that all the cadastral units 

interested by archaeological findings are under restrictions but, given the period in which this limitation were 

produced, most of them are brief and not clear. Hence, it was difficult to identify the single structures, their position 

and their extension. 

Another stage of the work regards the 3D survey with reality-based techniques of all the remains still visible in order 

to have a starting point for the reconstruction.  

Currently survey works of the visible portions of the monument have been performed only at the archaeological 

museum in Milan where the access was obtained rather easily for the friendly cooperation of the archology 

superintendence and the museum direction. 

Afterwards, along with the superintendent, all areas subjected to archaeological restrictions have been screened in 

order to assess the actual presence of remains, their state of conservation and the opportunity to perform a three-

dimensional survey.  

This part of the work, dealing with a massive archaeological remain underneath the city, has been much longer 

than expected and is still in progress. 
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Figure 14 – Example of photographic material available through the archives: some of the remains visible in the 

area of the ancient roman circus in Milan shot in the '50s, when the area in the city centre was excavated for 

restoration works after the damages of WW2 

 
4.3.2 Deliverables/output 
 

TABLE 4.3.2: Deliverables 

Deliver-
able 
number 

Deliverable 
name 

Brief 
description of 
deliverable 

Lead partner 
(country) 

Planned 
delivery 
date 

Date 
delivered 

Actual/ 
forecast 
delivery 
date 

Comments 

D2.2 

Guidelines 
for 4D 
landscape 
analysis  

Multidisciplinary 
approach for 
analysing time 
evolution (3D+T) 
of landscapes 

USAL (Spain) M10 June 30, 
2016  

For the sake of 

simplicity the 

two topics have 

been treated in 

a single physical 

document of 25 

pages entitled 

"Methodology 

definition", 

where both 

scales are 

considered 

D2.3 

Guidelines 
for 4D urban 
and 
architectural 
analysis  

Multidisciplinary 
approach for 
analysing time 
evolution (3D+T) 
of buildings and 
urban areas 

USAL (Spain) M10 June 30, 
2016  
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4.3.3 Contribution to JPI-CH  
 
TABLE 4.3.3: Contribution to JPI-CH visibility and the priorities and challenges of its SRA  

Contribution to 
Contribution 
by (deliverable 
number (s)) 

Brief description of what is contributed and how 

General JPI-CH visibility     

SRA 
challenges 

Developing 
reflective 
society 

 D2.2, D2.3 

CHT2, aiming at reconstructing the changes through time of 
important Cultural Heritage in four different countries, has a 
strong impact in understanding how the environment and cities 
are changing. The possibility to highlight the temporal 
modifications of European Cultural Heritage permits to identify 
the strong connection between the past and the modern time 
and allows understanding which agents (environmental or 
human) caused the changes and sometimes the disappearance 
of Heritage. 

Connecting 
people with 
heritage 

 D2.2, D2.3 

It is always difficult for non-experts to understand completely a 
Cultural Site without proper explanations, and even so, 
sometimes this information is not enough. The correlation 
between texts and images can occasionally help in 
understanding, but if the Heritage is complex or not fully visible, 
it is almost impossible to make it understandable. For 
comprehending our past, one of the most important factor is to 
safeguard it and it is mandatory to provide the best tools to non-
professionals. The methodology provided by the CHT2 project 
helps to give back to the ancient structures selected as test 
cases their past splendour making their understanding more 
accessible, especially regarding the roman circus of Milan, 
which is completely hidden below modern buildings. In this case, 
the 4D reconstruction is a helpful tool to make aware the citizens 
about the history of their city. 

Creating 
knowledge D2.2, D2.3 

In cities that have a long past and are still living on ancient 
remains, it is required to have a proper mapping of the 
archaeological risk, in order to avoid the destruction of remains. 
Maps like this can also help in understanding why the modern 
city or landscape has developed in a way instead of another and 
can be a support to decision-makers who have to deal with the 
normal management of the infrastructures. Products like the 
ones given by the CHT2 project helps in finding innovative 
approaches able to combine the safeguarding of our Cultural 
Heritage, forming the basis for any kind of decision regarding 
intervention on Cultural Heritage, helping assess the risks and 
issues involved. 

Safeguarding 
cultural 
heritage 
resource 

D2.2, D2.3 

The inclusion of the time factor in the survey of a cultural 
heritage asset allows to do predictive analysis that may help in 
taking proper countermeasures  against for example pollution or 
natural events that might represent a threat for a specific 
heritage asset (e.g. the coastline changes minacing the Hadrian 
Wall)  
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4.3.4 Future activities 
• Three of the four partners of the CHT2 project (NCL, SSSA and POLIMI) will orient their efforts in finalizing 

the 3D models corresponding to different ages and link them in a 4D reconstruction of the different sites 

• In particular, POLIMI aims at 3D surveying all the circus remains still available in the basements of several 

private houses, sorting out the authorization issues with the archaeological superintendence of Milan. This 

survey will be then oriented in a georeferenced coordinate system that will allow to precisely reference the 

current state of the city with the buried remains of the Roman circus. However, this specific step, will be 

available only if the needed funds will be paid by the Italian funding agency (MIUR) before April 2017, 

otherwise, even with a delayed payment, the remaining time would not be enough for completing the work. 

• USAL has done most of the planned work, therefore will not produce further data 

• SSSA will spend more efforts that in the last year for the activities related to WP5  

 

4.4 PROJECT MEETINGS AND INTERNAL COLLABORATION 
 

TABLE 4.4: Project internal collaboration and meetings 
List of internal meetings 

Date Location Participants Weblink to periodic reports/minutes (if 
applicable) 

Jul 16, 2016 Prague 
POLIMI, NCL, USAL, 
SSSA 

http://cht2-
project.eu/2016/07/16/second-cht2-
meeting/ 

        
Collaboration / communication amongst consortium member 
Type of exchange * (choose from list of options 

below) 
Type of organizations 
involved 

Countries involved 

joint publications Universities and Associations 
Italy, UK, Spain, 
Poland 
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4.5 IMPACT: DISSEMINATION, NETWORKING AND KNOWLEDGE TRANSFER 
 

4.5.1 Networking activities (external) and stakeholder involvement 
 

TABLE 4.5.1: Networking and stakeholder involvement 

Brief description of 

networking activity / how 
stakeholders have been 
involved in the project 

Please indicate whether 

the activity is open to any 
interested stakeholder 

(yes/no) * 

Stakeholders involved (more 
than one category is allowed)  

Indicate the outcome / 
impact / opportunity for 
(transnational) 
collaboration 

Indicate the number 
of stakeholders 

reached in each 

category 

Indicate the number 

of stakeholders 

reached, that are 

based outside the 
EU, for each 

category* 

 

 

 

 

Contribution is creating 4D 

digital models with the 

CHT2 methodology 

yes Cultural Heritage institutions Documentation about 

previous studies supporting 

the decision, on top of which 

start the CHT2 activity 

5 0 
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4.5.2 List of scientific publications 
 

TABLE 4.5.2 Scientific publications 

Peer reviewed publications (starting with the most important ones) 

Number Title  
Main 
author 

Title of 
journal or 
series 

Issue 
number, 
date or 
frequency 

Publisher 
Place of 
publication 

Year of 
publication 

Relevant 
pages 

Permanent 
identifiers [1] 

Open access 
[2] publication 
(yes/no) 

1 

4D reconstruction and 
visualization of cultural 
heritage: analyzing our 
legacy through time 

Pablo 
Rodríguez-
Gonzálvez 

Proceedings of 
3DARCH 2017 Bi-annual ISPRS  Hannover, Germany 2017 not yet defined not yet assigned yes 

2 
Interdisciplinary data 
fusion for diachronic 3d 
reconstruction of 
historic sites 

Laura Micoli Proceedings of 
3DARCH 2017 Bi-annual ISPRS  Hannover, Germany 2017 not yet defined not yet assigned yes 

3 
Cultural Heritage 
Through Time: a case 
study of Hadrian’s Wall 

Karolina D. 
Fieber 

Proceedings of 
3DARCH 2017 Bi-annual ISPRS  Hannover, Germany 2017 not yet defined not yet assigned yes 

4 

Diachronic 3D 
reconstruction of 
historical sites in urban 
context 

Gabriele Guidi Proceedings of 
CAA 2017 Annual CAA Atlanta (GA), USA 2017 (expected) not yet defined not yet assigned yes 

5 

Mobile LiDAR System: 
New Possibilities for 
the Documentation 
and Dissemination of 
Large Cultural 
Heritage Sites 

Pablo 
Rodríguez-
Gonzálvez 

Remote 
Sensing Monthly MDPI Basel, Switzerland Still under peer-

review not yet defined Still under peer-
review yes 

 



   
 

[23/27] 

 

4.5.3 List of other scientific outputs 
 

TABLE 4.5.3 Other scientific output 

Type of output (choose from list of 
options below) 

Brief description of type of output and 
focus/ topic 

Date 
(mm/yy) 

Authors/ developers 
(organizations and, if 
relevant, persons) 

Country(ies 
involved) 

(end)users/ 
target group 

Open access [1] 
publication 
(yes/no) * 

Issuing institute 
and/or code (if 
applicable) 

training or educational instruments, 
workshops, courses/modules, 
summerschools  

CHT2 contributed to the production of the 
MOOC entitled "Hadrian's Wall: Life on 
the Roman Frontier", by providing aerial 
time-varying images of the Hadrian Wall 

  Ian Haynes; Karolina 
Fieber UK 

University 
students; common 
public 

yes   

 

4.1.1  Dissemination and knowledge transfer 

 

TABLE 4.5.4: Dissemination and knowledge transfer activities and tools 

Type (choose from 
list of options below) 
* 

Brief description of medium and topic Brief description of overall impact/benefit Stakeholders and audience 
(direct stakeholders, private 

sector, public sector, the 

general public etc) 

Estimation of 

number of 
persons 
reached 
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websites cht2-project.org (project website) Description of the general project purposes 

and periodical updates through a "news" 

section, where the partners publish their 

advancements 

Academic and industrial users 

of technology for cultural 

heritage preservation and 

improvement, private and public 

sector, general public 

1000 

logos Project logo summarizing graphically 

the aim of CHT2 

Quick visual explanation of the project 

purpose  

Academic and industrial users 

of technology for cultural 

heritage preservation and 

improvement, private and public 

sector, general public 

1000 

ONLINE 
PRESENTATIONS 
(youtube movie, 
TED talk, webinar 
etc) 

Production of a TV program for a 

Spanish TV channel by the University 

of Salamanca 

Communication of the project progress to a 

broad audience  

Academic and industrial users 

of technology for cultural 

heritage preservation and 

improvement, private and public 

sector, general public 

5000 

ONLINE 
PRESENTATIONS 
(youtube movie, 
TED talk, webinar 
etc) 

Twitter: communication of second 

project meeting from the account 

@Nexus6it specialized in 3D tech & 

Cultural Heritage 

Communication of the project progress to a 

selected audience  

Academic and industrial users 

of technology for cultural 

heritage preservation and 

improvement, private and public 

sector, general public 

1000 
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ONLINE 
PRESENTATIONS 
(youtube movie, 
TED talk, webinar 
etc) 

Posts on the CHT2 blog about “Digging 

into archives for reconstructing the 

Roman Circus of Milan” 

Communication of the project progress to a 

selected audience 

Academic and industrial users 

of technology for cultural 

heritage preservation and 

improvement, private and public 

sector, general public 

1000 

ONLINE 
PRESENTATIONS 
(youtube movie, 
TED talk, webinar 
etc) 

Posts on the CHT2 blog about 

“Collection of archival images of the 

Circus of Milan” 

Communication of the project progress to a 

selected audience 

Academic and industrial users 

of technology for cultural 

heritage preservation and 

improvement, private and public 

sector, general public 

1000 

ONLINE 
PRESENTATIONS 
(youtube movie, 
TED talk, webinar 
etc) 

Posts on the CHT2 blog about 

“Archaeological remains of the circus 

on the modern topography of Milan” 

Communication of the project progress to a 

selected audience 

Academic and industrial users 

of technology for cultural 

heritage preservation and 

improvement, private and public 

sector, general public 

1000 
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5 FINANCIAL SUMMARY FOR THE REPORTING PERIOD 
 

5.1 FUNDS RECEIVED DURING THE REPORTING PERIOD 
 

Date of grant (tranche) Partner Funding agency + 
country Amount (€) 

  POLIMI (Project leader) MIUR, Italy  € -    

  NCL (Partner 1) AHRC, UK  € 73.289,00  

  USAL (Partner 2) MEC, Spain  € 12.225,00  

  SSSA (Partner 3) MNSW, Poland  € 27.744,99  

Total of funds received by project during reporting period  € 113.258,99  
Total of funds received by project up until reporting date (from the start 
onwards)  € 167.683,89  

 
Regarding this table, please note that for an error last year €60k was reported as received by the Spanish unit 
USAL. Actually the unit received €60k by their university, but only €30k by the Spanish Ministry of Economy, Industry 
and Competitiveness (MINECO). The other €30k were anticipated by the university and so they should not have 
been reported. 
Therefore, the total funds received by whole project from start onwards, is the total reported last year (€ 84.424,90) 
minus the amount erroneously reported (€ 30.000,00), corresponding to € 54.424,90, plus the total received this 
year (€ 113.258,99).  
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5.2 SUMMARY EXPENDITURE STATEMENT FOR THE PERIOD 
 
TABLE 5.2: Expenditure 
Item description Amount (€) 
Project Employment costs  € 174.707,68  
POLIMI (Project leader)  € 85.109,85 
NCL (Partner 1)  € 38.011,00  
USAL (Partner 2)  € 29.338,17  
SSSA (Partner 3)  € 22.365,92  
Project Equipment costs  € -    
POLIMI (Project leader)  € -    
NCL (Partner 1)  € -    
USAL (Partner 2)  € -    
SSSA (Partner 3)  € -    
Project publications costs  € -    
POLIMI (Project leader)  € -    
NCL (Partner 1)  € -    
USAL (Partner 2)  € -    
SSSA (Partner 3)  € -    
Project Travelling costs  € 3.265,93  
POLIMI (Project leader)  € 1.645,93  
NCL (Partner 1)  € 1.620,00  
USAL (Partner 2)  € -    
SSSA (Partner 3)  € -    
Project Other costs  € 426,69  
POLIMI (Project leader)  € -    
NCL (Partner 1)  € -    
USAL (Partner 2)  € -    
SSSA (Partner 3)  € 426,69 
Project Overheads Financial, Scientific, Administrative Support 
Fee (if applicable) € 76.212,93  

POLIMI (Project leader)  € 42.554,93 
NCL (Partner 1)  € 33.658,00  
USAL (Partner 2)  € -    
SSSA (Partner 3)  € -    
TOTAL EXPENDITURE  € 254.730,49 

 
Regarding this table, please note that for a trivial error last year POLIMI reported € 8.127,14 instead of the amount 
of € 20.119,75 actually spent in labour, with a difference of € 11.992,61. This involved also an increase of € 5.996,31 
in the overhead. The total POLIMI employment costs reported is therefore € 73.117,24 (the actual expenditure of 
this year) plus € 11.992,61 not reported last year. Similarly, the overhead is increased from € 36.558,62 (amount 
corresponding to this year) to € 42.554,93, for keeping into account the € 5.996,31 amount not reported last year. 
 


