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Abstract 

 Current efforts in the digital documentation of built cultural heritage focus on producing fully 

interactive digital surrogates using light detection and ranging (LiDAR) and structure-from-motion (SfM) 

photogrammetry techniques. These approaches require massive quantities of data in the form of point 

clouds or input images, along with enormous and difficult-to-share final models. Moreover, these 

approaches do not capture the architectural character as well as fundamental geometry. Rather than 

generating fully three-dimensional (3D) models, which is time-consuming and inefficient, stereography 

provides a potential alternative for graphic documentation. However, stereography has never been used as 

a heritage deliverable, comparable to architectural photos and technical drawings. Given this fact, this 

thesis suggests integrating stereography and stereophotogrammetry to allow users to observe stereopairs 

and record their spatial experiences (i.e., using a phenomenology method) or the architectures' geometry 

(i.e., using a Cartesian method). In fact, integrating these two approaches will significantly reduce the 

volume of data required for documentation, allowing for better long-term storage. These combined 

approaches do not require a digital surrogate and can provide nearly the same information as other 

documentation methods. In this regard, this thesis presents a comprehensive literature review on 

integrating stereography and stereophotogrammetry for digital documentation. In addition, some 

examples of heritage architecture in Kingston, Ontario, have been provided to showcase the gaps in 

heritage documentation. 
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Chapter 1 

Introduction 

1.1 Current Challenges and Prospective Goals 

Graphic documentation is necessary to preserve, conserve, and restore built cultural 

heritage. This documentation should not only record measurements, dimensions, and geometry, 

but ideally, should also convey the elusive concept of character, frequently at the centre of 

cultural preservation arguments (Andrés & Pozuelo, 2009). Historical graphic documentation 

sources were once comprised exclusively of paintings, sketches, and later, technical drawings, 

from the time of the Renaissance onwards (Perez-Gomez, 1982). Since the introduction of 

computer-aided design (CAD) systems like Sketchpad (Sutherland, 1964) in the early 1960s, new 

digital techniques have been employed to capture architecture in documentation. Nowadays, 

technical drafters propose using state-of-the-art 3D capturing techniques such as photogrammetry 

and LiDAR. These modern digital documentation methods that produce fully interactive digital 

surrogates, i.e., 3D models. However, significant problems are encountered with digital 

surrogates, and the enormously sized input and output data require high-end computers in order to 

produce these surrogates and allow end-user manipulation. At the same time, while the proposed 

methods can show some aspects of the character of built heritage, they do not adequately 

represent the interactions between the buildings and their environments (Mezzino, 2017). The 

solution is not to create bigger and bigger photorealistic models; digital surrogate dataset sizes are 

already exceedingly substantial and pose a fundamental problem in data authentication (Conway, 

2011). 

The research objectives are, first, identifying different methods that have been used for 

built cultural heritage documentation. Second, reviewing the potential of stereography and 

stereophotogrammetry in built cultural heritage documentation. Third, proposing the integration 
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of stereography and stereophotogrammetry for built cultural heritage documentation. There are 

three challenges that this review tries to address them. First, there is a lack of a literature review 

on photographic documentation of built cultural heritage. Second, the potential of "obsolete" 

techniques has been undermined for built cultural heritage documentation. Third, 3D modeling is 

an integral part of modern documentation methods, although it is not efficient in some cases due 

to requiring a larger number of overlapped images, demanding large storage sizes, time-

consuming image acquisition, and computationally intensive processes. 

This study offers two methods to examine the performance of the suggestive integration. 

First, the dataset, collected by stereography technique, can be examined phenomenologically. 

Phenomenology is a qualitative approach that emphasizes sensory experience as the source of all 

world knowledge, derived from Empiricism (Chang et al., 2008; Smith, 2013). This theory argues 

that our experience of the world is not entirely logical or scientific. According to Merleau-Ponty's 

phenomenology, the sense of space exists and ultimately reflects our ethical relations to other 

people and to the places we inhabit (Maurice & Colin, 1962; Morris, 2004). Studying the 

phenomenology of stereoscopy in the contexts of user experience, observation, and interpretation 

helps us present the nature and quality of architectural spaces both qualitatively and objectively. 

Stereography reproduces our experiences with architecture from the level of our perception 

(Andrés & Pozuelo, 2009; Goodman, 2013; Klahr, 2013, 2017). 

The second method examines architecture geometry. Descartes' method (the Cartesian 

approach) can test the dataset with the ability to measure as a meaningful and quantifiable tool. 

The Cartesian method is derived from the Latinized name Cartesius, offered by the French 

philosopher René Descartes (Dika, 2020). It is based on rationalism and is measurable and 

qualitative. The two methods proposed are Cartesian and phenomenological respectively.  

Stereophotogrammetry captures the geometry and extracts measurements of built heritage with a 
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number of photos, while stereography captures both visible and invisible dimensions of the built 

heritage character. 

1.2 Graphic Documentation in Heritage Conservation 

Built architectural heritage is considered worth conserving if it is sufficiently well 

designed, geographically well placed, well connected with its surroundings, technologically up-

to-date, and climatically compatible (Bond & Worthing, 2016; Europy, 1975). In fact, the balance 

of these characteristics renders heritage architecture irreplaceable. Moreover, heritage 

architectures often convey their architect's unique decisions toward realizing their vision. 

However, the value of heritage does not come exclusively from the architect: heritage values are 

frequently established at a community level, based on local criteria and community values, needs, 

and experiences (Avrami et al., 2019). Thus, heritage cannot always be defined nationally or 

internationally. A memorial centre, for example, can be architecturally distinctive or represent a 

famous architect's unique vision, and it does record a significant historical occurrence in the 

community at the same time (Bond & Worthing, 2016). Of course, as is addressed later in this 

thesis, value can sometimes be affected by ethnic and racial prejudices within the community. 

Good graphic documentation records and describes the values of the site, holistically 

called "character." Notably, some of these distinctive characters are visible, including 

architectural elements, internal and external spatial relationships, and even cracks and defects 

(Burden, 2000; Downes & Lange, 2015; Higgott, 2012; Nelson, 2004). In contrast, some 

characteristics are invisible, such as user experience and spatial perception (Frascari, Hale & 

Starkey, 2013; Hale, 2016). In other words, values define the character of built heritage. 

Character is not visible and measurable all the time; for instance, the feeling of space is invisible 

and not measurable. Current graphic documentation approaches capture the visible aspects of 

character, while the invisible aspects remain elusive.  
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1.2.1 Cultural Heritage 

Since the establishment of the Venice Charter in 1964, various conservation principles 

have been presented and endorsed in charters, recommendations, and resolutions by international 

organizations such as the United Nations Educational, Scientific and Cultural Organization 

(UNESCO) and the International Council on Monuments and Sites (ICOMOS) (Ahmad, 2006). 

Meanwhile, different definitions of cultural heritage have been offered locally, nationally, and 

internationally. For instance, UNESCO and ICOMOS, as international organizations, rely on each 

other and consider the term "Cultural Heritage" to encompass several main categories, such as 

tangible cultural heritage, intangible cultural heritage, underwater and natural heritage, and 

heritage in the event of armed conflict (Ahmad, 2006; CDIS, 2014; UNESCO, n.d.). For instance, 

Canada's history and culture have been influenced by the culture and traditions of its Indigenous 

and European (particularly British and French) inhabitants. As an example, Parks Canada is one 

of the national custodians of cultural heritage in Canada. However, while the protection of 

cultural heritage is part of the organization's mandate and charter, there is no clear definition of 

built cultural heritage (National Parks and National Historic Sites of Canada, 2021). According to 

Ontario's government website, historic buildings or structures are considered heritage resources at 

the provincial level (Government of Ontario, n.d.).  

Although architecture is evident in all proposed definitions, it is often not the most 

crucial element of cultural heritage. In new definitions, architecture is demoted by being 

implicitly placed alongside, or wholly subordinated, to other forms of heritage. In other words, 

heritage values of architecture cannot be fully understood. Since there is no explicit reference to 

architecture within these organizations. These values are the key to documentation requirements. 

For instance, built heritage is usually considered tangible or immovable, but it also has tangible 

and intangible aspects (Ahmad, 2006; Frascari, Hale, & Starkey, 2013; Mezzino, 2017). As 

mentioned before, unlike visible values, the invisible values that constitute character are not 
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easily measurable, and adequate documentation must include both. As American architect Louis 

Kahn (1901–1974) says in New Architecture and City Planning: A Symposium: 

Monumentality in architecture may be defined as a quality, a spiritual quality 

inherent in a structure which conveys the feeling of its eternity, that it cannot be 

added to or changed. We feel that quality in the Parthenon, the recognized 

architectural symbol of Greek civilization (Kahn & Zucker, 1944). 

Therefore, inattention to the intangible aspects of heritage character will cause it to be ignored 

when determining heritage requirements.  

 While simplifying cultural heritage categories apparently streamlines the interpretation of 

cultural heritage, it can lead to the misjudgment and underestimation of documentation 

requirements. It can be said that inadequate documentation is caused by a lack of properly 

understood values. Perhaps this is the main reason we have lost far more cultural heritage than we 

have ever preserved. Thus, these definitions are not structurally well-defined and must be 

reviewed since they are not formed in consideration of both the character and geometrical aspects 

of built heritage. We risk losing some cultural heritage over time if we cannot define it now; if it 

cannot be documented, it cannot be preserved. This perspective is close to the "anti-realist" view, 

which defines a reality in epistemic terms (Chang, Cartwright, Psillos & Curd, 2008). In other 

words, that cultural heritage does not exist as such until we define it. As such, definitions are 

crucial. 

A striking example of this turmoil and its destructive effects is the Carnovsky (Karnofski) 

bakery in Kingston (Figure 1-1), built in the 1870s and demolished in 2020 (YGKnews, 2020/12) 

(Figure 1-2). The underestimation and insignificance of the bakery's heritage values, despite that 

building being listed under the Ontario Heritage Act, can be clearly seen from the literature of 

that report (City of Kingston, June 21, 2018):  
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Although the entire parcel is listed under the Ontario Heritage Act, it is only 

the 2 1/2-storey Georgian style, stucco-clad building on the corner that has 

been identified by the City and by the applicant's heritage consultant as having 

cultural heritage value. 

 The incomplete definition failed to preserve the building in three ways. First, the 

definitions had not been conclusive enough for the legislation to rely on, thus the surroundings of 

the built heritage were not valued as much as the building's character (City of Kingston Oct. 17, 

2018). As a result, Sage Kingston Condos were built next to the heritage building without visual 

considerations, and eventually destroyed the bakery.  

 

Figure 1-1 Carnovsky Bakery building; Google Street View, July 2009, retrieved in April 

2021 (Google Maps, 2021). 

 

Figure 1-2 After demolition; R. Aalaeifar, Dec 29, 2020. 
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 Second, the only available document was one prepared by a heritage architect to assess 

the building in the city council. This document contains a few graphic documentations, which are 

mainly photos and general drawings (City of Kingston, June 21, 2018; Metropolitan Design Ltd, 

n.d.). The same document was used for the bakery's reconstruction as there were no other 

documents available. It is interesting to note that Google Maps (GoogleMaps, n.d.) has done a 

better job of tracking slow changes in the district in its online Street View (Google repository 

from July 2009, until November 2020 (Google Street View, 2009–2020) at an almost yearly rate 

(Figure 1-3). However, the purpose of Google Maps is not to create documentation, and the 

documentation has been done over time for the sole purpose of updating the platform. Identifying 

heritage resources and documenting them is one of the main tasks of heritage institutions, not 

something done in passing by technology platforms like Google.  

  

Figure 1-3 Carnovsky Bakery building; Google Street View, July 2018, retrieved in April 

2021 (Google Maps, 2021). 

Finally, the complex renderings from the heritage company are not compatible with the district 

(Sage Kingston, 2021) (Figure 1-4). This discrepancy is due to the fact that the current situation 

of the area is not taken into account, so that the renderings bear no resemblance to the site where 

the building is to be built. Architects always try to establish a connection between the viewer (the 

employer) and the designed environment by providing renders. The rendering industry, using 
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high-end computing technology, is becoming more photo-realistic day by day, but often it seems 

that the architectural design is done for another neighbourhood or even another country. This 

process contradicts a main principle of architecture: that the best architecture is designed and built 

for the same geographical point. And in this particular case, where architectural design is 

embedded in a protected built heritage structure, a contradiction of the character and values of the 

built cultural heritage occurs. 

 

Figure 1-4 The protective structure around the remains; R. Aalaeifar, March 13, 2021. 

In addition to inadequate definitions, other issues have arisen as a result of inattention to 

heritage values. For instance, in Kingston, the first capital of Canada, over 1000 designated 

heritage properties and districts are protected by the Ontario Heritage Act and Ontario Heritage 

Trust (Government of Ontario, 1990). Surprisingly, all of the designated properties date to the 

European settler-colonial period. There is almost nothing related to Indigenous heritage. As an 

example, Belle Island, located just north of downtown Kingston, is a valuable heritage site 

alluding to Kingston's Indigenous history. The tasks of creating an artificial beach along the shore 

of Belle Island and connecting the island to the mainland were assigned to the City of Kingston 

Parks and Recreation staff in 1988 (Figure 1-5). However, preparatory excavations of the beach 
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area revealed Indigenous human remains, along with shards of pottery, remnants of early tools, 

and a few pipestems.  

 

Figure 1-5 Belle Island, with marsh connecting to the mainland area that was once a dump, 

and later became Belle Park (Stones Kingston, 2018). 

The decision to create the artificial beach changed (in fact, destroyed) the landscape 

heritage and was considered a desecration by Indigenous people (Global News, April 2, 2019). 

Surprisingly, the site is still not protected or documented; however, it is mentioned that the 

human remains were carefully and respectfully collected, dated, and properly relocated to an area 

of the island that was better suited to burial (Stones Kingston, n.d.). In addition, the island was 

later detached from the mainland (Valier, 2019). The danger of an improper understanding of 

values is quite evident in this case.  

A dynamic documentation approach could track changes in value while being faster in 

action than changing the heritage definitions. In other words, what preserves built cultural 

heritage for the future is adequate documentation, not heritage definitions. The dynamic approach 
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must contain the property per se and include the relationships among the architectural features, 

spatial perception, user experience, and the environment. 

The importance of recording character is exemplified when considering the "adaptive 

reuse" of built heritage. The intangible and tangible aspects of a building are lost by reusing its 

existing structures for purposes other than what they were originally built or designed. As a 

result, while certain portions of the building are preserved, the functions and other intangible 

features are gone. Adaptive reuse, presumably, makes every effort to retain the tangible aspects. 

This example also shows how our proposed techniques for considering heritage neighbourhoods 

are significantly essential in capturing the aspect of character.  

1.2.2 Graphic Documentation and Heritage 

Values are the key to examining a property as built heritage, and heritage is determined 

by internationally, nationally, and locally defined values (Avrami et al., 2019). Since heritage is 

constructed through documentation, documentation is the only way to reveal values. There are 

many ways to document a built heritage, and it is important to note that while methods like verbal 

description and historical research are informative, they are incomplete.  

Graphic documentation depicts heritage values and offers all written and visual 

information in one package, avoiding the need for mental visualization of existing structures. In 

other words, the best practice is to offer documentation objectively and avoid any subjective 

judgment and interpretation. Thus, built heritage requires graphic documentation for its 

identification, assessment, information updating, monitoring, protection, and preservation 

(Government of Canada, n.d.). However, the best documentation also records significance and 

values within historical, social, scientific aesthetic, and economic contexts (Santana Quintero et 

al., 2008). 
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1.2.3 "Reverse Design" Process 

There is a term in project management called the phase-gate process, also referred to as 

the waterfall model. On June 29, 1956, Herbert D. Benington gave the first known presentation 

addressing the usage of such phases in software engineering at the Symposium on Advanced 

Programming Methods for Digital Computers (U.S Navy Mathematical Computing Advisory 

Panel & US Office of Naval Research, 1956). He described the development of a software called 

SAGE. His outlined steps were requirements, design, implementation, verification, and 

maintenance (Hughey, 2009). These steps are now tacitly used in the architectural design process 

to properly execute an architectural design; failure to follow this order of operations can cause the 

project to fail. The process is defined in phases. First, phase zero: in this phase, the architects 

study the land-based aspects to evaluate the extent of the ground's potential strength and 

earthquake resilience if the building were to be constructed. They will also be interested in 

knowing about the region's climate characteristics, requirements of the building, applicable 

architectural technologies, vernacular materials, frameworks, legal restrictions, and urban 

accesses like streets and alleys. In the next phase, all feasible design options based on information 

from phase zero are considered and the best one is selected, primarily based on economic 

justification. In this phase, the initial design is produced. Finally, in the third and last phase, the 

provided execution plans containing details and drawings are offered to the employer. 

 I argue that the order of operations for good heritage documentation should be the 

reverse of the design process, starting from the site's geographical location and finishing with 

small implementation details. This reverse process can begin with the details and architectural 

features, then describe the built area, and finally present the neighbourhood or region. The reverse 

process can also be considered the same as "as-built" documentation, usually called red-line 

drawings, which prepare a detailed blueprint to compare the proposed design with the built one. 

As-builts must be submitted by the contractor upon completion of the project to reflect changes, 
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such as weathering of the materials, substitutions, and improvisations by the contractor (Ellis, 

2021). They also include deviations from the proposed design that often occur in architectural 

details (Kalman, 2014, p. 303). This process is useful even if the initial design drawings are not 

available. 

 Unlike the work of artists, the authenticity of architectural work is guaranteed by stamps 

and signatures. In contrast, artists have their own styles, and their unique styles can be considered 

their signature even if the autograph does not appear in the artwork. Understanding the 

genuineness of the artwork and its originality has always been controversial amongst art critics. 

We can consider the importance of this situation for architects as they stamp drawings to approve 

their architectural style in preparation for construction. 

 German philosopher Immanuel Kant developed the idea of "empirical provenance" in his 

1781 book, Critique of pure reason. Empiricism is a philosophical doctrine claiming that 

knowledge is derived primarily from sensory experience (Chang et al., 2008, p. 221), and the 

sources of information involved in generating or distributing an artifact, such as entities and 

processes, are referred to as provenance or the origin (Australian National Data Service, n.d.). 

Therefore, empirical provenance discusses the significance of the dataset's authenticity based on 

sensory experience. New technologies require a transparent qualitative evaluation of their 

authenticity and reliability by other users, primarily under the influence of this theory (Mudge et 

al., 2008).  

 Today, digital advances in photography make it much harder to determine authenticity. 

Authentication is even harder with complex highly synthetic surrogates built from photos and 

other primary inputs. The greater the amount of data, the more likely the information can be 

manipulated, and the more probable it is that unauthenticated data will be used (Conway, 2011). 

Nowadays, we have tools like blockchain technology for data authentication in photogrammetry 

(Granshaw, 2021). At the same time, other technologies, such as NFTs (non-fungible tokens), can 
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certify digital assets as unique and not interchangeable (Dean, 2021; Goodwin, 2021). 

Photographs, movies, audios, and other forms of digital files can be represented using NFTs. By 

observing current trends, it can be concluded that any future method should have a strong 

approach for determining empirical provenance.  

1.3 Digital Surrogates 

Earlier forms of graphic documentation on paper have survived for hundreds of years, 

and photos taken in the 19th century have survived to the present. The same cannot be said of 

born-digital data from even a few years ago. Proprietary binary formats make the storage of many 

forms of digital documentation, like LiDAR, difficult for long-term storage. Without parallel 

efforts to maintain the software/codecs to open the data, files soon become unusable. As a result, 

there is no assurance that these new databases will last (Terras, 2007; Van Horik, 2005).  

The developing trends in modern digital measuring techniques, like LiDAR compared to 

traditional ones. The first LiDAR prototype was built in 1961 using laser technology acquired 

from the US, and it was used for the first time to map the moon during the 1971 Apollo 15 

mission.1 LiDAR scanners are costly, depending on their use, so there must be an economic 

rationale for their usage, and they must only be operated by competent technicians. Furthermore, 

while greater scan density can occasionally improve some outcomes, it results in additional data 

collection time and increased data volumes. These consequently large amounts of data cause a 

problem, as the key desideratum for any form of documentation is long-term archival storage 

(Terras, 2007; Van Horik, 2005).  

The current method of heritage documentation often requires building 3D digital 

surrogates, along with verbal descriptions and archival research. While 3D models are interactive 

and offer high-quality textures, they have four major problems: first, an enormous number of 

 

1 https://ntrs.nasa.gov/citations/20100031189 



 

14 

 

photos must be overlapped for the modeling (if photogrammetry is being used); second, high-end 

computers are required to process the models; third, post-processing is time-consuming; fourth, 

the 3D models do not adequately capture character. As mentioned before, empirical provenance 

should be considered (Conway, 2011). There is no easy way to record all the data manipulations 

that have occurred on the images, point clouds, and the final model, nor the many decisions that 

must be made but are not recorded.  

Moreover, because this technique places a greater emphasis on the outcome rather than 

the process, it reflects poorly on cultural heritage values and prevents their proper 

comprehension. In other words, the reason for documentation that is making a comprehensive 

combination record of architectural character and geometry is neglected. It is often believed that 

these surrogates have the potential to conserve cultural heritage perpetually (Mudge, Ashley, & 

Schroer, 2007) or would replace photography and drawing, and that in the future, the old forms of 

capture will be obsolete. However, it is more likely that the experts will re-evaluate the existing 

methods based on the worth of completed works and their outcomes. 

Digital surrogates can be viewed using augmented reality (AR) and virtual reality (VR). 

AR enhances the actual environment with pictures, text, and other virtual information via devices 

such as heads-up displays, smartphones, tablets, smart lenses, and AR glasses, rather than 

providing a completely immersive virtual experience. However, we believe that the current 

method cannot bring the viewer's attention to a specific focal point like photography.  

VR and AR technologies use vector models to describe spaces (Hanke & Grussenmeyer, 

2002; Wolf, 2018), while photography is closer to our eyes' vision and minds' perception of 

spaces. Wearing head-mounted displays (HMD)s to watch the VR and AR scenes separates the 

viewer from the outside world, and the low-resolution display constrains the viewer. 

Additionally, many VR goggle users suffer from computer vision syndrome (CVS), also known 



 

15 

 

as digital eye strain or cybersickness. Digital surrogates are collected by projects such as CyArk 

(n.d.) and showcased on websites like OpenHeritage3D (2021). Although the collected data can 

capture geometry and character, these datasets are massive. Thus, according to the rationales of 

cultural heritage documentation, such a project requires enormous expenditures of time and has 

no sufficient justification. 

We suggest the use of two putatively obsolete technologies (Wolf, 2018), stereography 

and stereophotogrammetry, to create a more compact heritage representation. We must first, 

however, contextualize this hybrid stereographic and stereophotogrammetric approach. To 

balance the requirements of graphic documentation with easy-to-access digital techniques and 

technologies, we propose a digital graphic documentation with an image-based technique that 

preserves empirical provenance, that is, the connection to the initial experience of our senses. The 

final data package for archived heritage content uses extending stereo correspondence methods 

with fewer photos to reduce data storage space requirements and recognize small architectural 

features. The scope of this work is to review the literature for the documentation of architecture 

using stereophotogrammetry and stereography. Future research can test the optimal equipment 

configuration that can provide a convenient, precisely georeferenced dataset.  
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Chapter 2 

Standards for the Photographic Documentation of Architecture 

2.1 Introduction 

Architecture is a combination of space, form, place, and function, whereas graphic 

documentation communicates the connection of these architectural elements and records a 

building's function, purpose, message, and narrative. Effective architectural graphic 

documentation supports the values of a built heritage and consolidates its presence by recording 

all built areas within spatial, cultural, and historical contexts. The relationships between these 

contexts are intertwined. Furthermore, like architecture, graphic documentation has layers, 

embracing meanings and purposes. Thus, inclusion of graphic documentation narrates the values 

of built heritage, containing its sense of space, human requirements, and user experiences. This 

section examines the requirements for photographic documentation at various international, 

national, provincial, and local levels. While photography has been considered a potent tool for 

heritage documentation in different standards and guidelines, this section demonstrates that there 

is still insufficient attention paid to photography (City of Kingston, 2021a). 

2.2 Photographic Documentation in Built Cultural Heritage 

2.2.1 The Purposes of Architectural Heritage Documentation 

Architectural heritage documentation is used for different purposes, such as 

identification, protection, interpretation, and physical preservation (CHIN, 2017). The first stage 

of documentation is to prepare initial reports and assess potential heritage. The second stage is to 

document the designated heritage after the assessment is complete. Different tools and guidelines 

are introduced internationally, nationally, provincially, and locally for both stages. These various 

guidelines emphasize that to properly document heritage character, it must be evaluated first and 

then conserved after offering major or minor alterations or additions to the designated district or 
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property (City of Kingston, 2021b). One of the central applications used in the first stage is a 

heritage impact assessment (HIA). An HIA is a structured process to determine the impacts on 

known and potential heritage resources within an area targeted for future development. In 

addition to national organizations that designate national resources, provincial and municipal 

institutions play essential roles in locally defining policies (Bayes et al., 2020). In Ontario, the 

local requirement to provide an HIA is derived from the Ontario Heritage Act O. Reg. 9/06, 

Section 2(d) of the Planning Act, Section 2.6 of the Provincial Policy Statement (Ontario, 1990). 

These reports inform the decisions of the municipality regarding identified heritage resources.  

After these assessments, the next step is conservation. After assessing and identifying 

heritage, the heritage site will be listed in the designated properties list, which updates from time 

to time (City of Kingston, 2020). Photography is a requirement in almost all standards and 

guidelines. Still, even though understanding and recording the sense of space and the character of 

built heritage are emphasized at all legislation levels, there is a lack of sufficient specific 

guidelines for optimizing photography in the performance of these tasks. 

2.2.2 International Conservation Organizations 

ICOMOS, a non-governmental organization associated with the United Nations 

Educational, Scientific and Cultural Organization (UNESCO, 2021a), has published international 

guidelines for heritage documentation as part of its mandate. The mission of ICOMOS is to 

promote the conservation, protection, use, and enhancement of monuments, building complexes, 

and sites (ICOMOS, 2011). ICOMOS, as the advisory body of the World Heritage Committee 

(UNESCO, 2021a), helps the committee create a list of potential historical places to be evaluated 

and registered on the World Heritage List (UNESCO, 2021b).  

The International Scientific Committees working for ICOMOS (called ISCs) gather, 

interpret, and publish information about heritage principles, techniques, and policies for heritage 
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protection across the globe.2 One of the oldest ISCs is the Comité International de la 

Photogrammétrie Architecturale (CIPA) (English: "International Committee of Architectural 

Photogrammetry"), founded in 1968 to facilitate technology transfers from the measurement 

sciences into the heritage documentation and recording disciplines (CIPA, n.d.a.). This committee 

continues its activities under the name CIPA Heritage Documentation. CIPA's aims are to 

promote architectural photogrammetry, sponsor related activities, contribute to technical 

development, and enhance the connection between photogrammetrists, architects, and surveyors 

(Carbonnell & Dallas, 1985). From time to time, CIPA produces a synthesis of new information 

and distributes it widely. In 2017, the 26th biennial CIPA Symposium was held in Ottawa, 

Canada, focusing on digital workflows for heritage conservation. In 2021, the 28th CIPA Digital 

Heritage symposium took place in Beijing, China (CIPA, 2021).  

It should be noted that the oldest international non-governmental organization of 

photogrammetry is the International Society for Photogrammetry (ISP), established in 1910. 

Their mandate is to enhance international cooperation between worldwide organizations 

interested in photogrammetry, remote sensing, and spatial information sciences. The society 

changed its name in 1980 to the International Society for Photogrammetry and Remote Sensing 

(ISPRS, n.d.a.). The organization held their first Congress in 1913 in Vienna, Austria. In 2022, 

their 24th congress will be held in Nice, France. Currently, ISPRS has considered five 

commissions to accomplish the scientific and technical works. For the four-year period between 

congresses, each commission is delegated to an ordinary member organization. Technical 

commissions form working groups, and each commission is solely responsible for organizing a 

symposium between congresses. These commissions include sensor systems, photogrammetry, 

remote sensing, spatial information science, and education and outreach (ISPRS, n.d.b.).  

 

2 UNESCO itself also published “The operational guidelines for the implementation of the World Heritage 

Convention” (2021c). 
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The charters below are developed and offered by ICOMOS and its sub-organizations. 

They will be analyzed to determine the status of photography and how it is considered in 

conservation approaches: 

2.2.2.1 The Athens Charter for the Restoration of Historic Monuments, 1931 

In 1931, the First International Congress of Architects and Technicians of Historic 

Monuments established the Athens Charter (ICOMOS, n.d.). It was the first charter to state the 

documentation requirements for historical monuments. Photography is explicitly mentioned one 

time in this document, but not in the "Carta del Restauro," the central hub of the seven 

resolutions. The charter recommends that countries and institutions publish an inventory of 

ancient monuments with photographs and explanatory notes. Although the words "character" and 

"values" are repeated and brought to attention in this short document, there is no explanation of 

how photography can help record these vital heritage elements. 

2.2.2.2 The International Charter for the Conservation and Restoration of Monuments and Sites, 

1964 

Also called the Venice Charter, this document was adopted as the first resolution at the 

Second Congress of Architects and Specialists of Historic Buildings in Venice in 1964 

(ICOMOS, 1964). It is a revised form of the Athens Charter, based on more than 30 years of 

international conservation experience. In the 16 articles offered by the charter, drawings and 

photographs are introduced as illustration tools to be involved in the analytical and critical reports 

in Article 16, named "publication." The charter states that the precise forms of documentation 

should be included for preservation, restoration, or excavation works (ICOMOS, 1964). 

2.2.2.3 The Burra Charter (1979–2013)  

This charter was adopted for the first time in 1979, and then updated in 1999 and again in 

2013, serving as the official ICOMOS charter for Australia (ICOMOS, 2013). The charter sets 

standard guidelines for decision-makers, advisors, owners, managers, and custodians to conserve 
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and manage places of cultural significance and defines processes to ensure the conservation of 

sites. It also emphasizes logging all information about historic places and making the records 

available to the public. Still, there is no use of the word "photo" or related words, and no sign of 

how a tool like photography will help achieve the charter's goals (ICOMOS, 2021).  

2.2.2.4 ICOMOS Principles for the Recording of Monuments, Groups of Buildings and Sites, 

1996 

The 11th ICOMOS General Assembly ratified this charter in Sofia (ICOMOS, 1996). This 

charter can be considered the first detailed manifest, involving more precise definitions of cultural 

heritage and cultural heritage recording. This document is also significant because it establishes a 

framework for recording cultural heritage in five steps, as follows: 

1. The reasons for recording 

2. Responsibility for recording 

3. Planning for recording 

4. Contents of records 

5. Management, dissemination, and sharing of records 

The keywords of interest for this study, such as "values," "character," and "photography," are 

repeated in this charter. This charter was ratified in 1996 and is the first instance where 

photogrammetry was used to record built cultural heritage, although the ISP was established in 

1969 (Patias, 2004). The charter writers tried to involve anyone with heritage interest and every 

possible form of traditional or modern documentation in their description of the recording 

process. While both recording the nature of the cultural heritage (character-defining elements) 

and photography are emphasized, specifically in the "Content of Records" section, there are no 

references to photography and how it should be done. 
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A comparison of these charters demonstrates that, although they all pay special attention to 

the values and character of the built cultural heritage, they have neglected the help of existing 

tools, such as photography, to capture these special features. Obviously, this neglect is caused by 

the lack of widespread use and the availability of photography, unlike today. In other words, 

photography is more accessible these days thanks to the digital era.  

2.2.3 Preservation Guidelines/References in North America 

Examining relevant documentation references and programs is essential in validating the 

datasets and results obtained from the documentation process. The following subsections offer an 

examination of the available resources in North America. 

2.2.3.1 Recording, Documentation, and Information Management for the Conservation of 

Heritage Places: Guiding Principles 

This standard reference (Letellier & Eppich, 2015) tries to guide the adequate preparation 

of documents for the future, answering the fundamental questions of why, when, and who. It also 

coined the term, "heritage information," referring to a comprehensive strategy that includes the 

three integrated actions of recording, documenting, and data management (Letellier & Eppich, 

2015, p. 36). Although photography plays a significant role in establishing the site's initial 

understanding, and is in its three mentioned actions, no photography guide is provided. 

2.2.3.2 The Standards and Guidelines for the Conservation of Historic Places in Canada 

This is Canada's first comprehensive pan-Canadian approach to heritage conservation 

practices, drafted in the late 1990s. Parks Canada published The Standards and Guidelines for the 

Conservation of Historic Places in Canada in 2003 (updated in 2010) to serve as an official 

document governing the conservation practice in the country. In 2010, the Government of Canada 

launched its second edition (Government of Canada, n.d.).  
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In the latest edition, some revisions, a clarification of the relationship between standards 

and guidelines, and a new statement of significance have been included. This statement contains a 

description of a historic place, explains its values and importance, and defines the character-

defining elements. Although this collection of guidelines pays special attention to the qualitative 

and quantitative categories of cultural heritage, it nevertheless suffers greatly from the lack of a 

guide for photography. 

On the other hand, it is worth mentioning that Parks Canada, as a high-level federal body, 

administers the Canadian Register for Historic Places (CRHP), Historic Sites and Monuments 

Board of Canada (HSMBC), Federal Heritage Buildings Review Office (FHBRO), and other 

offices regarding built heritage (Parks Canada, 2021). This integrated administration seems to 

have caused problems. For instance, the first mandate of the FHBRO is to help Canadian Federal 

Government departments protect heritage buildings, following the Policies on Management of 

Real Properties (Government of Canada, 2006), which took effect in 2006 for the first time and 

was revisited again in 2021. This office also serves archives for national sites of interest.  

Another challenge to administration is that the CRHP (a federal, provincial, and territorial 

inventory) allows the inclusion of local heritage sites that have been designated by individual 

municipalities and cities. The issue remains of how these local heritage sites, mainly those of 

private ownership, collect and distribute this information to the public, as the information 

contained in the CRHP is limited. Insufficient attention to the issues related to the built heritage 

and the lack of adequate guidelines for standardization requirements in documentation will cause 

further problems for heritage conservation and will increase the risk of losing heritage. 

2.2.3.3 The Historic American Buildings Survey (HABS) 

Administered since 1933 through cooperative agreements with the National Park Service 

(NPS), the Library of Congress (LOC), and the private sector, the Historic American Buildings 

Survey (HABS) (US Department of the Interior, 2016) was the first federal preservation program 
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in the United States to provide guidance for architectural heritage documentation (LOC, n.d.). 

The resource contains hand-oriented techniques and guidelines, primarily for creating CAD, 

drawing, and photographic documents. There are also two companion programs: the Historic 

American Engineering Record (HAER) and Historic American Landscapes Survey (HALS), 

which document historic architectural, engineering, and landscape records.  

The LOC keeps collected data on historic structures and sites dating from Pre-Columbian 

times to the twentieth century (LOC, 2015). The HABS has different guidelines for each part of 

the process, such as history, drawing, transmittal, field, CAD, and photography documentation 

(US Department of the Interior, 2020). These are the only existing guidelines dedicated to 

photography in North America (National Park Service, 2015).  

There are several significant drawbacks to these guidelines: 1) No update has been 

offered since June 2015. 2) Despite being updated in 2015, there is still no consideration of digital 

advancements in this era. 3) Some of the information is outdated, and many new technologies 

have since been introduced (like newly introduced file formats other than the tag image file 

format )TIFF)s for archiving purposes). 4) The suggested camera is a large-format view camera 

that is obsolete and not easy to access. 5) The guidelines rely on printing, not the use of software. 

6) There is no discussion about colour calibration, despite the need to see the actual colour of the 

scene. 7) The importance of taking photos at eye level has not been considered, even though the 

observer perceives the environment at eye level. 

2.2.3.4 Designating Heritage Properties: A Guide to Municipal Designation of Individual 

Properties Under the Ontario Heritage Act 

The Ontario Heritage Tool Kit (Ministry of Culture, 2006) is a set of guidebooks for 

municipal councils, municipal employees, municipal heritage committees, land-use planners, 

historical experts, heritage groups, and property owners. It is prepared to assist target groups in 

comprehending Ontario's historic conservation process. This tool kit has different guides for 
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different purposes, including: "Your community, your heritage, your committee," "Heritage 

property evaluation," "Designating heritage properties," "Heritage conservation districts," 

"Heritage resources in the land use planning process," and "Heritage places of worship." 

Although these guides are designed to assist in evaluating, conserving, and protecting heritage 

places in Ontario and often refer to photos and photography, they lack separate guidelines for the 

utilization of photography. 

2.2.3.5 Heritage Planning: Principles and Process, by Harold Kalman, 2014 

Kalman has been involved as a consultant in heritage conservation (referred to as historic 

preservation in the US) for many years. Although the book focuses on heritage planning and 

discusses the best practices and methods for creating a conservation plan (Kalman, 2014), the best 

standard methods, like photography, are not introduced. The best practices of heritage planning 

depend on the best understanding of heritage and its values to be documentated and such 

guidance is missing from this book. The second edition, (Kalman & Létourneau, 2020), builds 

upon the first one. The second edition emphasizes creating a record of tangible and intangible 

cultural heritage; however, the writers only make suggestions in this regard.  

2.3 Stereography 

Joseph Nicéphore Niépce achieved the first photographic image using an early device for 

projecting real-life imagery called a camera obscura in 1814. Stereography was introduced not so 

many decades after photography itself and enjoyed immense popularity until the beginning of the 

20th century. In this section, we will examine the history of the stereoscope as a medium, 

including its central issues, emerging trends, and much-discussed future. The earliest type of 

stereoscopy was invented by Sir Charles Wheatstone in 1832 using a pair of mirrors placed at an 

appropriate angle relative to the viewer's eyes (Fowles, 1994; Holmes, 1859; Wheatstone, 1838). 

He also explained new theories of vision (Gitelman, 2003). Wheatstone's technique used a dual-
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camera setup or a dual-lens camera, which was set based on the binocular vision of a human's eye 

distance (about 6.5 cm) to create a parallax (Klahr, 2017). The observed displacement of an 

object caused by a shift in the observer's point of view is referred to as parallax. 

In 1849, Sir David Brewster, one of the pioneers of stereography, modified Wheatstone's 

design. This modification and other improvements in photographic processes, like paper and glass 

negative, delivered stereography more functional and drew commercial-minded photographers' 

attention (DeLeskie, 2000). In 1851, when Queen Victoria and Prince Albert received a 

stereoscopic viewer as a gift in the Crystal Palace exhibition, the popularity of stereoscopes 

skyrocketed (New York Public Library, n.d.). In 1856, Brewster provided a detailed description 

of the stereoscope's history, methods, and applications in his book, The Stereoscope; Its History, 

Theory, and Construction, with its Application to the Fine and Useful Arts and to Education 

(1856). He proposed that stereoscopy could have applications in education, painting, sculpture, 

architecture, natural history, and engineering. His suggested typical applications do not contain 

instances of utilization such as natural disasters and war, although these events did provide many 

opportunities for stereoscopy. 

In 1859, Oliver Wendell Holmes (1809–1894), the American jurist, collaborating with 

Joseph L. Bates (1807–1886), invented a handheld stereoscope, called Perfescope. He did not 

patent his stereoscope as he thought it was simple (King, 2013). His article, The Stereoscope and 

the Stereograph was a major landmark in the development of stereography as he suggested the 

creation of special stereographic collections like libraries (Holmes, 1859). He describes the potent 

stereoscope effect: 

The first effect of looking at a good photograph through the stereoscope is a surprise such 

as no painting ever produced. The mind feels its way into the very depths of the picture. 

The scraggy branches of a tree in the foreground run out at us as if they would scratch our 

eyes out. The elbow of a figure stands forth so as to make us almost uncomfortable. Then 
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there is such a frightful amount of detail, that we have the same sense of infinite 

complexity which Nature gives us. (Holmes, 1859, p. 5). 

The stereoscopic viewing of stereo pairs became a popular pastime between the 1850s, 

from Holmes's stereoscope until the 1930s (King, 2013), and photographers delivered millions of 

stereoscopic views. The stereo pairs' subjects were varied from "local history and events, grand 

landscapes, foreign monuments, charming genre scenes, portraits of notables, urban architecture, 

to war and disasters such as floods, fires, train wrecks, and earthquakes (DeLeskie, 2000; New 

York Public Library, n.d.)".  

At its peak, stereography became a visual culture (Appel, 1995; Babbitts, 2004; Bak, 

2012; Fowles, 1994; Gitelman, 2003; Lindstrom, 2000; Malin, 2007; McLuhan, 1963; Parcell, 

1989; Schramm, 1988; Wester, 1992) and was taught even in schools in the early twentieth 

century (Bak, 2012; Darrah, 1977). Stakelon (2010) considers stereography an educational 

revolution (Wester, 1992). Moreover, stereography can be propounded as a successful example of 

a demand-driven supply chain on the market (Parcell, 1989; Malin, 2007). It was affordable for 

every income bracket (Klahr, 2017; Malin, 2007; Wester, 1992), giving birth to new companies in 

response to demand signals, and creating a massive market with a mutual benefit for applicants 

and producers (Becker, 1979; West, 1996). Furthermore, the mass production of stereo materials 

reduced the price in the market (Appel, 1995; Fowles, 1994). 

To ease our understanding of stereography's transition, we assume different interpretive 

chronologies for the stereographic periods, as follows: 

● First wave: Charles Wheatstone and individual experiences in his parlour. 

● Second wave: Institutional use as an object lesson, mostly by Underwood and Underwood. 

● Third wave: Public use as a recreational toy with the advent of the View-Master. 
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● Forth wave: Digital stereography and developments by enthusiasts after 1970s. 

There were also different commercial uses for stereoviews, such as documenting fashion, 

pornography (Häsler, 2018; Trotter, 2004), and the events of World War I (Kitch & Mendelson, 

2011). A particular focus of stereography history was the documentation of historic ruins and 

architectures (Klahr, 2016; Pai, 2014). Although many stereographic portraits were taken, the 

principal subject of stereography was landscape and architectural subjects in the early1860s, 

DeLeskie (2000) argues. For instance, in 1858, the American Journal of Photography 

acknowledged the progress of stereography in the right direction: Landscapes, Architecture and 

Composition (The American Journal of Photography, 1858, p. 82). In 1861, America in the 

Stereoscope was produced by William England, the Victorian photographer. This collection 

received public attention in England as it was the first series of stereoscopic views of American 

scenes and architecture (DeLeskie, 2000, p. 28).  

Undoubtedly, stereo photography flourished from the 1850s to around the 1930s (Trotter, 

2004; Wester, 1992). It became prevalent between 1890 and 1915 as a medium (Becker, 1979; 

Crary, 1992; Fowles, 1994; Malin, 2007; Parcell, 1989; Plunkett, 2008; Trachtenberg, 1990) and 

used for different purposes in other appearances, like the View-Master, introduced by Sawyer's, 

Inc., the American manufacturer, in 1939. Soon after, it was marginalized as a photographic 

medium, partially because of the perception of its obsolescence (Appel, 1995, p. 119; Klahr, 2017; 

Malin, 2007; Schröter, 2019; Wolf, 2018). It should be noted that the View-Master was used for 

decades afterwards (Figure 2-1). In 1952, the View-Master personal stereo camera was released. It 

was a 35mm film camera designed to take 3D stereo photos for viewing in a View-Master. The 

camera was able to take 69 pairs of photos on a 36-exposure roll of 35mm film (Figure 2-2). It is 

worth mentioning that View-Master used dedicated circular reels of stereo pairs that can be seen in 

the figures.  
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Figure 2-1 MGM and Mattel partnered to develop a live-action feature film based on the 

toy entertainment company's classic View-Master toy line. View-Master was patented in 

1939. Source: https://www.hollywoodreporter.com/movies/movie-news/view-master-movie-

works- at-mgm-mattel-films-1191033 

 

Figure 2-2 View-Master Personal Stereo Camera. Source: 

https://artsandculture.google.com/asset/display-piece-take-your-own-stereo-pictures-view-

master-personal-stereo-camera/PgE4FMTmnHeFTA 

The applications of stereography in cultural heritage have been explored in the literature, 

but it has never been a perquisite for documentation purposes. In this regard, Schuhr & 

Kanngieser (2008) promoted the objective application of cultural heritage spatial information 

using 3D photographs, emphasizing the replacement of subjective manual sketches with objective 
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3D imagery for heritage recording and documentation. The article introduces a non-commercial 

website (3dsite.icomos.org) to showcase the 3D photos. Unfortunately, this website is no longer 

available. 

Another noteworthy case from this article is how a high-resolution, low-altitude aerial 

(3D) photography technique was used for archaeological documentation. This is evidence that a 

technology specifically designed for an exclusive purpose could have another practical 

application. The paper claims there is no recommendation for optimum base length (base-to-

distance ratio) because the baselines vary depending on the purpose and whether near-natural 

perception or super elevated realization is preferred. For ad hoc applications employing normal 

and wide-angle cameras for 3D documentation, the experimental base-to-distance ratio should be 

about 1:10 (Schuhr & Kanngieser, 2008, p. 1032). This study suggests taking a sequence of 

stereopairs, commonly known as "two by two photographs" with different baselines, so that it can 

be possible to choose and combine the stereopairs that are most appropriate for the desired 

purpose (Schuhr & Kanngieser, 2008).  

Ultimately, there are widespread uses of stereo vision, nowadays such as Tesla's 

autonomous vehicles (Crowe, 2019), Boeing's air-fuel refilling technology (KC46) (Rogoway & 

Trevithick, 2019), stereoscopic microscopes, crime scene reconstruction, meteorology, and 

robotics. As one of the latest uses, The National Aeronautics and Space Administration (NASA) 

has provided different stereopairs of its recent exploratory trip to Mars (Nemirrof and Bonnell, 

2021). Although stereographic content production is currently limited to enthusiasts, stereo vision 

is still used today as a necessary tool in applications ranging from aerial mapping to self-driving 

cars.3  

 

3 https://www.businessinsider.com/elon-musk-demanded-cameras-over-radar-in-self-driving-cars-nytimes-

2021-12 
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2.3.1 Modern Scholarship on Stereography 

Darrah (1977) emphasizes the impacts of stereography on economic geography, 

including world trade and industry. Unstead (1906) describes how vital the pictorial illustration is 

for geography lessons and discusses how valuable the stereoscope and stereograph are to aid the 

teaching of geography. He compares the flat photos printed in the books or projected by a lantern 

slide, with the stereo cards. He believes stereoscopic views drastically point out all the features in 

an image. He also names some companies such as Underwood and Underwood, The Keystone 

View Co., The Fine Art Photographic Publishing Co., The H. C. White Co., The Lonon 

Stereoscopic Co., and Griffith and Griffith. He believes each of these companies makes different 

catalogues that can be considered for various geographical purposes. The object lesson was an 

approach promoted in the educational philosophy by Johann Heinrich Pestalozzi (1746-1827). He 

argued that the observation of objects should be included in the teaching process to help students 

understand concepts (Makinae, 2010). By the end of the nineteenth century, these firms were 

using stereo photography to document remarkable buildings and structures (Bak, 2012; Malin, 

2007). They offered virtual tours to different parts of the world, such as Egypt, Italy, Canada, and 

many other places (Klahr, 2016; Parmeggiani, 2016; Stakelon, 2010). One of the existing stereo 

cards in the LOC shows children in a classroom whom they have the viewer held to their eyes, 

used as an object lesson. (Figure 2-3). They also have the book "Geography Through the 

Stereoscope" in front of them on their desk. Many questions are asked in the book regarding 

space, depth (what is near or far), and dimensions. 
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Figure 2-3 Students in a classroom, 1908. Source: 

https://blogs.loc.gov/picturethis/2016/01/geography-through-the-stereoscope/ 

In Techniques of the Observer (Crary, 1992; p. 96), Crary reassesses the influence of 

visual modernism and social modernity on nineteenth-century visual culture and provides a new 

perspective. Crary believes that the early modern camera obscura and the modern stereoscope 

demonstrate a vision transformation in the nineteenth century. Crary notes that he is not a 

technological determinist, and the transformation of seeing does not depend on these devices. He 

argues that these technological devices are created from the accumulation of other social forces, 

knowledge systems, and spatial networks. Moreover, he notes that images and artworks are not 

adequate to examine visuality; instead, the observer's historical formation helps the observer to 

understand the process.  

Crary believes that the improvements in optics have shaped our standardization of vision. 

For instance, the camera obscura device, prevalent in early modernity, separates the observer 

from a "pre-given world of objective truth" (p. 40) (Figure 2-4). The observer's visual experience 

was a "mechanical apparatus" that faithfully recorded reality (p. 39), and the body's other senses 
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did not taint this efficient, direct, and objective procedure. This concept has its historical roots in 

works of the French philosophers Denis Diderot (1713–1784) and René Descartes (1596–1650), 

and artists like Johannes Vermeer (1632–1675), Giovanni Antonio Canal (Caneletto) (1697–

1768), and J.B. Chardin (1699–1779). 

 

Figure 2-4 Illustration of a camera obscura from Sketchbook on military art, including 

geometry, fortifications, artillery, mechanics, and pyrotechnics. Source: 

https://www.loc.gov/resource/rbc0001.2003rosen1363/?sp=500 

In the 1820s and 1830s, the camera obscura became obsolete. Crary considers this 

collapse as part of the modernization process (Sheehan, 2014, p. 137). The author also suggests 

one reason for this obsolescence was that the devices were insufficiently phantasmagoric (p. 132). 

Phantasmagoria was a name for a specific type of magic-lantern performance in the 1790s and 

early 1800s, one that used back projection to keep an audience unaware of the lanterns. Crary's 

major historical interlocutors in this context are philosophers such as the German philosopher 

Arthur Schopenhauer (1788–1860), the English philosopher John Ruskin era (1819–1900), the 

German poet Johann Wolfgang von Goethe (1749–1832), German philosopher and physicist 

Gustav Fechner (1801–1887), and artists such as the English painter J. M. W. Turner and French 



 

33 

 

artists Gustave Courbet (1819–1877), Édouard Manet (1832–1883), and Georges Seurat (1859–

1891).  

Crary notes that the developments of modernity and postmodernity are because of this 

fracture from the past theories of perception. He finds this fracture by analyzing the advent of 

stereoscopes and other visual toys, such as phenakistoscopes (Figure 2-5), thaumatropes (Figure 

2-6), zoetropes (Figure 2-7), kaleidoscopes (Figure 2-8), and dioramas (Figure 2-9). He contends 

that the early nineteenth century brought about a new type of spectator who was more adaptive to 

modernity's rapid increase in picture products. He believes that modernity's new standardization 

of visual experience can be manipulated and will introduce the viewer into a new period.  

Crary begins his investigation in the early 1820s, when he notices the observer at the 

heart of new physiological disputes. He argues that the stereoscope demonstrated that the 

observer's vision is generated internally, and the body "becomes the site on which an observer is 

possible" (Crary, 1992, p. 69). In other words, he contends that in viewing a stereopair, the 

perception itself is visible. Still, a fixed external image does not exist because internal perception 

can influence the external image. This changes the observer from being a passive spectator into 

an active component of the perceiving process (Crary, 1992, p. 19). 

Crary's revaluation of vision and his description of modernization indicates how the sense 

of touch had been an integral part of classical theories of vision from the seventeenth century 

onward (p. 27). However, "modernization affected a deterritorialization and a revaluation of 

vision" (p. 149). He analyzes the stereoscope as a new type of physiological scholarship and 

discusses the impacts of philosophy, experimental science, visual arts, and technology on the 

mass visual culture that stereoscopy became (Fowles, 1994; Klahr, 2017). 
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Figure 2-5 A phenakistoscope. Source: http://www.mhs.ox.ac.uk/exhibits/fancy-names-and-

fun-toys/phenakistiscopes/ 

 

Figure 2-6 Different types of a thaumatrope. Sources: 

https://www.scientificamerican.com/article/the-first-cartoon-make-your-own-thaumatrope/ 

and https://teacherswebresources.com/2016/03/28/victorian-thaumatrope/ 

     

Figure 2-7 A zoetrope. Sources: https://teacherswebresources.com/2016/03/28/victorian-

thaumatrope/ and http://brightbytes.com/collection/zoetrope.html 
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Figure 2-8 A Kaleidoscope (Brewster, 1858) 

 

Figure 2-9 A diorama (a 19th-century mobile theatre device), meaning "through that which 

is seen." Near life-size diorama of the Monpa people at the Jawaharlal Nehru Museum, 

Itanagar, Arunachal Pradesh, India. Source: 

https://en.wikipedia.org/wiki/Diorama#/media/ 

 

 



 

36 

 

2.3.2 Phenomenological Interpretation of Stereography 

Maurice Merleau-Ponty (1908–1961) was a French phenomenological philosopher who 

was influenced by the German philosophers Edmund Husserl (1859–1938) and Martin Heidegger 

(1889–1976). In 1942, he published the minor component of his thesis as a book, The Structure of 

Behaviour. Afterwards, he published the major part of his doctoral degree as Phenomenology of 

Perception in 1945, expounding his thesis as being on "the primacy of perception."  

  For the first time since Plato, a philosopher (Maurice & Colin, 1962) brought perception 

back to the forefront of philosophy. Phenomenology, according to Merleau-Ponty, is the study of 

essences, including the essences of perception and consciousness. He considers phenomenology 

as a technique to describe the nature of our perceptual encounter with the world. Every conscious 

action is guided by perception, which forms the background of our experiences. Human 

awareness offers meaning to the world and the world, in turn, is a field for perception. We are 

unable to separate ourselves from our worldviews.  

 Merleau-Ponty believes that both traditional Empiricism and Rationalism are inadequate 

to describe the phenomenology of perception. Empiricism holds that sensory experiences are the 

fundamental source of information, and that knowledge is gained from them. Rationalism holds 

that reason is the fundamental source of knowledge and that it is independent of sensory 

impressions. Traditional Empiricism, as Merleau-Ponty discusses, does not explain how the 

nature of consciousness influences our perceptions, whereas Rationalism does not explain how 

the nature of consciousness determines our perceptions.  

 Judgment is the perception of a connection between any two perceptual items. A logical 

interpretation of the indications provided by sensory experiences can lead to a judgement. 

Judgment, on the other hand, is neither a totally intellectual nor a simply sensory process; both 

reasoning and experience can be used to make judgments. Merleau-Ponty notes that perception is 

not just a matter of feeling or interpretation, as sensing and thinking are both parts of the process 
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of consciousness. He argues that experiences can be both reflective and non-reflective. Reflection 

may be conscious of its own existence as an event, and it may also help arrange personal 

experiences. 

 Merleau-Ponty also argues that the human body is an expressive area that adds to the 

meaning of personal acts. The body is also a channel for perceiving the environment and is the 

source of expressive movement. Perception, on the other hand, takes on a new meaning due to 

bodily experience, which goes beyond what can be determined only by the intellect. As a result, 

Descartes' cogito ergo sum ("I think, therefore, I am") does not account for how the spatiality of a 

person's physical body affects consciousness. 

A feature of vision that Merleau-Ponty borrowed from Husserl was the concept that 

things disclose themselves to us in partial perspectives through time. These are Husserl's 

Abschattungen, or adumbration or foreshadowing, which are hazy or incomplete sketches of 

things that drive us to investigate more. For Merleau-Ponty, there is a more complicated 

phenomenon known as the "inner horizon" (Hale, 2016): 

More precisely, the inner horizon of an object cannot become an object without the 

surrounding objects becoming a horizon, and so vision is an act with two facets. For 

I do not identify the detailed object which I now have with that over which my gaze 

ran a few minutes ago, by expressly comparing these details with a memory of my 

first general view (Maurice & Colin, 1962, p. 78).  

The object-horizon structure allows a person to discriminate between perceptual objects. 

In both time and space, all objects reflect one another. Merleau-Ponty argued that people's 

experiences of the world, obtained by their direct bodily involvement with it, are more valuable 

than an understanding received through abstract mathematical, scientific, or technical systems 

(Hale, 2016). 
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Merleau-Ponty recognizes the phenomenological existence of invisibility, which does not 

strengthen the immanence of experience, but rather creates a gap between the subjective and 

objective worlds. This invisible dimension shapes formless matter and transforms it into "a 

something as opposed to a nothing" (Frascari, Hale, & Starkey, 2013, p. 179). Merleau-Ponty also 

demonstrated that space is sensed around us and has significance for our embodied being in the 

world. This means that our perceptual relationship to a space of objects and persons outside us 

cannot be based on a fixed, abstract, and idealistic link between our senses, mind, and the fixed 

dimensions beyond us. Our sense of space can only be supplied through bodies that are already of 

space by virtue of being fleshy and stretched out, and thus the spatial dimensions that we 

experience must already have significance for us (Morris, 2004). 

Klahr (2017), writing about stereography, believes that Merleau-Ponty's phenomenology 

of perception, at first glance, appears to be completely subjective. However, Matthews (2006), in 

his book Merleau-Ponty: A Guide for the Perplexed, argues that the phenomenology is a mix of 

subjective and objective. It is subjective in the sense that it is someone's own experience, but 

objective in the sense that the person is experiencing a reality that exists independently and 

exterior to them. Bertol (1996), in her article about architectural representation and the visual 

perception of three-dimensional space, writes:  

Depth is the most subjective of the three physical dimensions of space: width, 

height, and depth. Because it is more connected to the way our visual perception 

works than to the physical reality of the objects of our sight.  

Bertol considers Merleau-Ponty's definition of three-dimensional space to be "the most 

existential of all dimensions" since "it is not impressed upon the physical reality itself; it quite 

clearly belongs to the perspective and not to things." As Douglas Low (2017) writes, "Merleau-
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Ponty speaks of our perceptual relation to the world as a Fundierung (foundational) relationship, 

a relationship in which terms reciprocally influence one another."  

Merleau-Ponty argues that our brain synthesizes the sense of depth based on our sensory 

experiences. This is equivalent to the sensory perception that can be derived using stereographs as 

opposed to 2D photographs. Ponty's ideas and philosophy of perception became the foundation of 

the next generation of scholars like Klahr and Low to consolidate the importance of stereography 

for different applications. By understanding the significance of depth, how our bodily experience 

acts in an embodied space (Maurice & Colin, 1962), and how this phenomenon has influenced 

art, drawing, and photography (Frascari, Hale, & Starkey, 2013; Krauss, 1986; Perez-Gomez, 

1982), it can be concluded that stereography can capture character more effectively than older 

forms of graphic documentation like 2D photography. Stereography effectively captures the sense 

of space with a startling illusion of three‐dimensional space (Hale, 2016) and communicates the 

architectural concepts to the viewer (Jasmann & Andonian, 2003). With stereography, the 

observer's engagement with space is a uniquely personal experience, a vivid mode of 

representation (Parcell, 1989), even though sound and smell have not been recorded.  

2.4 Stereophotogrammetry 

2.4.1 Photogrammetry 

What we know today as photogrammetry includes concepts that predate the invention of 

photography. From the Italian Renaissance onwards, artists learned to envision that a plane or flat 

surface as being like a plate of glass or even an actual window on which a proportionately scaled-

down replica of the things in front of the glass could be seen. In 1480, Leonardo da Vinci said 

(Doyle, 1964): 

Perspective is nothing else than the seeing of an object behind a sheet of glass, smooth 

and quite transparent, on the surface of which all the things may be marked that are 
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behind this glass. All things transmit their images to the eye by pyramidal lines, and these 

pyramids are cut by the said glass. The nearer to the eye these are intersected, the smaller 

the image of their cause will appear. 

Many artists and scientists after da Vinci contributed to the understanding of projective 

geometry from a graphical perspective and the mathematics behind it. In 1525, Albrecht Dürer, 

the German painter, used the perspective laws to create an instrument (Figure 2-10) to produce 

true perspective drawings (Gruner, 1977). 

 

Figure 2-10 Albrecht Dürer's Perspective Machine from his book "Treatise on Mensuration 

with the Compass and Ruler in Lines, Planes, and Whole Bodies". Source: 

https://i.stack.imgur.com/QQL8X.jpg 

There have been mathematical developments to advance the concept of measuring rays 

using the underlaying geometry. In 1759, Johann Heinrich Lambert, the Swiss mathematician, 

published Perspectiva Liber (The Free Perspective) on the mathematical principles of a 

perspective image using space resection to find a point in space from which a picture is made. In 

1883, two Germans, R. Sturms and Guido Hauck, developed the relationship between projective 

geometry and photogrammetry (Figure 2-11) (Doyle, 1964). The principles of perspective and 
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projective geometry form the basis from which photogrammetric theory is developed. Spatial 

resection uses the geometry of these rays to calculate 3D positions in space. 

 

 

Figure 2-11 New constructions of perspective and photogrammetry. Source: 

https://eudml.org/doc/148548 

In the 1840s, the French geodesist Dominique François Jean Arago used daguerreotype 

photogrammetry. Louis Jacques Mandé Daguerre (1787-1851), the French photographer, 

invented the first publicly accessible photographic process. In 1849, Aimé Laussedat used 

terrestrial photographs to conduct his first perspective architectural survey at the Hôtel des 

Invalides in Paris. In 1850, he used a camera lucida for topographic mapping purposes in France 

and called his method "Iconométrie" (Albertz, 2007) to produce architectural surveys of the 

Panthemont Abbey and the Fort de Vincennes in Paris. A camera lucida (Figure 2-12) was a 

portable optical device used as a drawing aid for artists, patented in 1806 by William Hyde 
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Wollaston, an English chemist.4 Later, in 1851, Laussedat captured public notice by his taken 

stereographs and were praised by Queen Victoria when they were displayed at the Great 

Exhibition. In 1859, he built a prototype of a topographic camera to his specifications, and he 

called his method "Métrophotographie" or "Photométrographie/Photographométrie." He also 

experimented with aerial photography with kites in 1858 and balloons in 1862. In 1864, he was 

awarded the Gold Medal by the Spanish Academy of Sciences which officially considered 

photography as a means for topographic mapping. In 1867, the first known phototheodolite was 

exhibited by Laussedat at the Paris Exposition (Birdseye, 1940). A phototheodolite was a 

theodolite mounted on a camera that could take a series of photographs at different known 

positions and elevations to use in terrestrial photogrammetry.  

 

Figure 2-12 Camera Lucida. Source: 

https://americanhistory.si.edu/collections/search/object/nmah_1184286 

At nearly the same time, Paulo Ignazio Pietro Porro (1801–1875), an Italian engineer, 

invented some optical tools that had been used in photogrammetry later. Some of his inventions 

are the tacheometer (tachymeter) invented in 1839, developing an asymmetrical lens in 1847, 

inventing an erecting lens imaging system in 1854. He also designed a panoramic camera with 

 

4 https://americanhistory.si.edu/collections/search/object/nmah_1184286 
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sighting telescope, compass, and level in 1858. He also invented photogoniometer in 1865. The 

photogoniometer was a tool to measure the angle at which a photograph was taken. In 1858, 

Auguste Chevallier, an unknown French military medical practitioner (Hoelzl & Tietjen, 2012, p. 

19), developed a photographic plane table, called Planchette Photographique (Figure 2-13). It was 

a rotatable sighting device integrated into a surveying tripod and an apparatus to level the camera 

in horizontal position. The light ray was turned at right angles by a prism to record the entire 

horizon (Birdseye, 1940). The Planchette Photographique was a fusion of land surveying 

equipment and the camera. It is also worth noting that the first archaeological subject to be 

recorded photogrammetrically is deemed to be the ruins of Persepolis in 1858 by Farhad Mirza 

(Li et al., 2008, p. 364). 

 

Figure 2-13 Photogrammetric Measurement Table by Auguste Chevallier. Source: (Hoelzl 

& Tietjen, 2012) 



 

44 

 

Albrecht Meydenbauer, the German civil engineer, developed photogrammetric 

techniques for the documentation of buildings (terrestrial photogrammetry) in 1858 (Li et al., 

2008; The Center for Photometric Training, n.d.). However, Albertz (2007) calls Laussedat the 

"Father of Photogrammetry" (Singh, 2015), because Laussedat published a paper with this 

method in a journal before Meydenbauer. Albertz believes that Meydenbauer accepted 

Laussedat's proposal and changed the name "photométrographie/photographométrie" to the more 

straightforward "photogrammetrie."  

The term "photogrammetry" was used for the first time by Meydenbauer in 1867 in a 

paper on a new method of photographic surveying (Albertz, 2002). In 1867, he used the plane-

table surveying technique combined with a camera for the topographic mapping of St. Mary's 

Church façade in Freyburg, Germany. For this mapping, he designed a metric camera with a 

wide-angle lens. A camera is considered metric if both its internal geometry and the distortion 

characteristics of its lens are known and accessible for modeling via parameters that can be 

determined correctly using photogrammetric calibration (Liu et al., 2012); his camera had 

minimal distortion although the lens parameters were unknown at that time (Albertz, 2002). 

Terrestrial photogrammetry is a stereoscopic photography process descended from aerial 

photogrammetry (Fukai, Sugiyama, & Kimata, 1977). Konecny considers terrestrial 

photogrammetry a revolutionary phenomenon based on four development cycles starting from 

around 1850, including 1) plane-table photogrammetry from about 1850 to 1900 that leveraged 

earlier technologies of land surveying, 2) analogue photogrammetry from about 1900 to 1960 that 

used pairs of photographs usually taken from air and stereoplotters to create topographic maps, 3) 

analytical photogrammetry from about 1960 to the era of introducing digital computers (roughly 

1990), and 4) digital photogrammetry (Konecny, 1985).  

Plane-table surveying (Wainwright, 1915) is a graphical method of survey, suitable for 

small-scale maps, in which the field observation and plotting proceed simultaneously, using a 
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plane table (Figure 2-14) with a tripod, drawing paper (usually 75 cm × 60 cm), pins, and an 

alidade to establish line of sight and orientation (Jigsaw Cambridgeshire, n.d.). An alidade 

(Figure 2-15) or a turning board is a device that allows one to sight a distant object and use the 

line of sight to perform a task. In this method, the surveyor can also use other accessories, such as 

a trough compass, to show the magnetic meridian on paper, a spirit level (bubble tube) to level 

the table, and a U-fork (U-frame) with a plumb bob (plumbing fork) to centre the ground point 

(Civil Engineering X, 2012). This method is based on leveling, centering, and orientation. 

 

Figure 2-14 Plane-Table Surveying. Source: https://civilengineeringnotes.com/plane-table-

surveying/ 

 

Figure 2-15 Open-sight Alidades. Source: https://www.usgs.gov/media/images/open-sight-

alidades 
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Since the surveyor could see the surveying area, the surveyor could compare the plotted 

work with the actual features of the area. It was also a cheaper method compared to theodolite 

survey (Park, 1922) as this technique needed cheaper equipment. Further, this method did not 

require a great skill to perform. However, the results were not sufficiently accurate because of 

sighting errors, was strongly dependent on the weather, and the equipment was heavy and not 

easy to carry. Furthermore, all the accessories were needed to perform the task properly and 

losing one of them would interrupt the whole process.  

Meydenbauer developed a special plane-table capable of taking photographs rather than 

requiring sightings with a plane table, resulting in an improvement the overall efficiency of the 

conventional plane-table method. His camera's design had several unique characteristics, such as 

a strong body, permanently mounted lens, spirit level for levelling up the camera, a device for 

aligning the camera axis, and a frame with fiducial marks for the coordinate axes to define the 

image plane (Meyer, 1987, p. 184) (Figure 2-16). Fiducial marks were crosshairs engraved on the 

camera’s focal plane during manufacturing, which will be printed on the photograph when the 

film exposed. At the time, Meydenbauer used the images to create an intersection map of the 

terrain, using his own specialized plane table. The photos were used to graphically plot the 

directions from ground control points (GCPs). The camera and a few control points in the scene 

were located by the traditional surveying method.  
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Figure 2-16 Meydenbauer's camera, built around 1890 (Albertz, 2007) 

Meyer (1987) claims that a skilled draftsperson could obtain photographic coordinates 

with an accuracy of 0.1 mm using dividers, and the map produced would have about 0.2 mm 

accuracy. Meydenbauer's methods were highly accurate due to his use of a large film format size 

(40 cm × 40 cm) and the low ratio between the photo scale and map scale that seldom surpassed a 

factor of two. In addition, he used mirror glass as the emulsion substrate to ensure that the film 

remained flat during exposure. Meydenbauer developed different cameras in his career; for 

instance, in 1872, he developed two smaller 20 cm × 20 cm format cameras with 12 cm and 21 

cm focal lengths. 

In 1885, Meydenbauer established the first photogrammetric institute, Königlich 

Preussische Messbild-Anstalt (Royal Prussian Photogrammetric Institute) to implement his 

method. Following this, Carl Koppe (1889) published the first German manual of 

photogrammetry in 1889. Meydenbauer has been considered the inventor of architectural 

photogrammetry (Albertz, 2007). Nowadays, the Conservation Institute of Brandenburg archive 

keeps more than 10,000 stereoviews taken by Meydenbauer on super-sized glass that shows 

important monuments of Germany (Schuhr & Kanngieser, 2008). In 1896, Edouard Deville 

(1849–1924), the surveyor-general of the Dominion of Canada, developed a device called the 
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stereo-planigraph that had a camera, to capture the photos, and a theodolite to acquire control, 

mounted on the same tripod. He utilized a tracer point to perform the mapping, employing 

projective grids (called the Canadian Grid Method) to transfer the imagery to the map (Gruner, 

1977). Deville used his method to map the Canadian Rocky Mountains (Wolf et al., 2014). He 

also invented the first stereoscopic-plotting instrument for aerial photography, called the stereo-

planigraph in Canada (Centre for Photogrammetric Training, n.d.). This instrument was the first 

attempt to use overlapped photos (stereo pairs) and was used as a part of a new photogrammetric 

mapping workflow. By contrast, Meydenbauer used convergent images (Albertz, 2002) because 

the convergent pairs were used by plane-table photogrammetry rather than 

stereophotogrammetry.  

Although photogrammetry was used for mapping, the best option was traditional 

surveying techniques, because photogrammetric procedures were difficult to perform in the late 

19th and early 20th century. Later, in 1907, Dr. Carl Pulfrich (1858–1929), the German physicist, 

invented the stereocomparator to obtain x and y coordinate scales and showcased it at the 73rd 

Conference of Natural Science and Physicians in Hamburg. Carl Zeiss manufactured Pulfrich's 

photogrammetric device, and stereoautographs have been used since then (Doyle, 1964). The 

stereoautograph was an optomechanical measurement instrument for evaluating analogue 

(photographic plates) (Figure 2-17) or digital photograms based on the stereoscopy effect. A 

photogram is an image taken without a camera. The image is produced by placing an object in 

front of a light-sensitive material such as photographic paper and then exposing it to light. 
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Figure 2-17 The Past on Glass Project at Sutton Archives, Park Hill Houses, Carshalton, 8 

Feb 1906. Source: https://www.flickr.com/photos/pastonglass/40728873463/in/photostream/, 

https://pastonglass.wordpress.com/about/ 

Around the same date, in 1908, Eduard von Orel, an Austrian naval officer, invented the 

first stereoautograph (Doyle, 1964). This plotter made terrestrial photogrammetry possible in 

mountains. Zeiss built the prototype using the Pulfrich stereocomparator, called Orel-Zeiss 

Stereoautograph. This plotter provided continuous operation without calculation requirements. 

Pulfrich is referred to as the "father of stereophotogrammetry" (Gruen, n.d.). The 

stereophotogrammetry technique was a survey method derived from stereoscopy that uses only 

two photographs (stereopairs) taken from an object in slightly different positions (Gruner, 1977; 

Letellier & Eppich, 2015, p. 191). In 1921, Professor Reinhard Hugershoff (1882–1941) invented 

the first analogue stereoplotter, the Hugershoff Autocartograph, using planimetric features and 

contours. He also developed many other devices including an aerial camera, a projection 

stereoplotter, a universal phototheodolite, and the 1926 aerocartograph. He also invented a 

stereocomparator with a light source and a measuring mark. The analogue stereoplotters were 

very complicated, expensive, and heavy (Figure 2-18). Moreover, a skilled professional was 

needed to run the process. The two stereopairs were inserted into the analogue stereoplotters, and 
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two light sources behind them projected them down and the operator was able to see them using a 

binocular viewer. There were two wheels to spin and foot pedals to control the photos' 

orientation. The analogue stereoplotters were electromechanically connected to a drawing table 

that pens could draw the contour lines on features. A contour line is a line on a map joining points 

of equal height above or below sea level. 

 

Figure 2-18 AF55 Wild A8 Stereoplotters. Source: 

https://www.faireysurveys.co.uk/equipment/af55-wild-a8-stereoplotters-2/ 

The advancement of photogrammetry was continued by other figures, like Otto von 

Gruber (1884–1942) and Earl Church (1890–1956), also called the "American father of 

photogrammetry" (Doyle, 1964). Dr. Bertil Hallbert studied stereoplotter orientation procedures 

and standards for stereoplotter calibration (Gruner, 1977). Stereoplotters were also developed by 

Italian and French scholars (Gruner, 1977). Sherman Mills Fairchild (1896–1971), the American 

entrepreneur, was a pioneer in the aerial industry. He discovered image distortion problems 

during World War I and developed a between-the-lens shutter using a rotary blade to sharpen the 

images with less distortion (Doyle, 1964). In 1936, Robert Ferver patented the Gallus-Ferber 
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Photorestituteur in the U.S. as the first orthophoto production device. This stereoplotter had an 

anaglyph projection to move one of the projectors up and down. 

In the 1950s, Wild Heerbrugg, the Swiss optical manufacturer founded in 1921, 

introduced the Wild P30 (Figure 2-19). It was a phototheodolite with the ability to rotate both 

camera and theodolite around the vertical axis. The Wild P30 was an evolution to what became 

the state of the art of 20th century terrestrial photogrammetry. The camera could rotate 

independently compared to the theodolite; therefore, it was easy to relate all observed horizontal 

directions by the theodolite with the principal point of the photograph (Atkinson, Windsor, CAB, 

& Dale, 1974).5 

 

Figure 2-19 Phototheodolite Wild P30. Source: 

https://vm.civeng.unsw.edu.au/surveying/f_pall/html/t13.html 

 

5 https://vm.civeng.unsw.edu.au/surveying/f_pall/html/t13.html 
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After 1950, substantial breakthroughs in photogrammetric innovations were achieved 

thanks to the introduction of the computer by the German inventor Konrad Zuse in 1941, and 

separately in 1943 by American mathematician Howard Hathaway Aitken, the combined efforts 

of US Army personnel and the University of Pennsylvania's Moore School of Electrical 

Engineering (Konecny, 1985). These achievements led to the analytical period of 

photogrammetric development.  

One of the needs in photogrammetry is to have more accurate camera calibrations 

(Mikhail, Bethel, & McGlone, 2001). In the past, analogue metric cameras, which were very 

heavy and expensive, were necessary for close-range photogrammetry (Atkinson, Windsor, CAB, 

& Dale, 1974; Mikhail, Bethel, & McGlone, 2001; Waldhäusl & Ogleby, 1994). Analogue metric 

cameras, such as the Wild P31, could be used in conjunction with a theodolite for terrestrial 

photogrammetry surveys (Mikhail Bethel, & McGlone, 2001). The Wild P31, introduced in 1974 

by the Wild company, had a 4 by 5-inch format and interchangeable lenses, and used glass plates 

or cut film (Figure 2-20).  

 

Figure 2-20 The Wild p31 terrestrial camera (Atkinson, Windsor, C.A.B., & Dale, 1974). 
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In 1973, the first non-metric digital camera was created by Steven Sasson, an engineer at 

Eastman Kodak. He developed the prototype and patented it in 1977 (Lloyd & Sasson, 1977) 

(Figure 2-21). In 1991, Kodak released the DCS100, a conventional 35 mm Single-Lens Reflex 

Camera (SLR) camera with a new innovation: a high-resolution charge-coupled device (CCD) 

sensor that quickly altered the metric playing field (Liu et al., 2012). However, for years after the 

introduction of digital cameras, the photogrammetry industry continued almost exclusively using 

and studying analogue metric cameras. 

 

Figure 2-21 The first digital camera, the US patent issued in 1978 (left image); The original 

prototype of digital camera playback (right image). Source: 

https://lens.blogs.nytimes.com/2015/08/12/kodaks-first-digital-moment/ 

In 1975, Carbonnell analyzed the developments of the instruments for architectural and 

archeological photogrammetric surveys in his article. He also mentioned crucial issues with the 

cameras, like the flatness of the films. He compared different cameras, such as the Hasselblad 

MK-70 that could take films, Wild P32 with the possibility of taking film packs and rolled films, 

besides plates, but with poor flattening. He believed that the solution to this problem is using 

Zeiss Jena UMK, equipped with a special film magazine with suction for flattening (Carbonnell, 

1975). 
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In 1976, Fukai, Sugiyama, & Kimata used a Carl Zeiss SMK-120 camera (Figure 2-22) to 

perform a photogrammetric survey at Taq-i-Bustan in Iran. This survey was done through Tokyo 

University to make comprehensive reports of Iraq-Iran archaeological and art historical 

investigations. The survey team decided to employ terrestrial photogrammetry to provide 3D 

images, technical drawings (Figure 2-23), and accurate quantitative descriptions of the reliefs 

because of the large-scale sculptures in Taq-i-Bustan. Unfortunately, the article does not share 

any information regarding the drawing plotting process (Fukai, Sugiyama, & Kimata, 1977). 

 

Figure 2-22 Carl Zeiss SMK 120 Stereo Photogrammetry Camera and Tripod. Source: 

https://www.icollector.com/JPL-Carl-Zeiss-SMK-120-Stereo-Photogrammetry-Camera-

and-Tripod_i31883803 
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Figure 2-23 Photogrammetric drawing of Flying genius, Taq-i-Bustan. Source: (Fukai, 

Sugiyama, & Kimata, 1977) 

After ISPRS Congress in 1984, with the advent of technology and photogrammetric 

instruments, many analogue stereoplotters, like the Wild A and B series, were replaced by 

analytical ones. These developments led to the invention of smaller and cheaper analytical 

stereoplotters, using microcomputers, Petrie (1990) argued. The analytical stereoplotters were 

using CAD software rather than paper using plotting instruments. The measurements were sent to 

the microcomputer to map digitally. Moreover, some models were equipped with a built-in 

scanner to help digitize the photos and continue the process digitally. ADAM, founded in 1986 in 

Australia, was one of the analytical stereoplotters manufacturers.6 They developed a 

revolutionary portable miniaturized model, called MPS-2, to use small format photography.7 

Their device was intended for people who were not specialized in photogrammetry. The company 

also developed a scanner, called PROMAP, that could scan the negatives with their full resolution 

 

6 http://www.adamtech.com.au/Company.html 
7 http://www.adamtech.com.au/mapproducts/mapproducts.html 
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and make soft copies. The soft copies could be recorded easily in hard drives and CD-ROMs. 

Later, different types of soft copy stereoplotters were introduced by companies like Zeiss, using 

active shutter glasses to view in 3D. These stereoplotters were equipped with handwheels, foot 

pedals, mouses and digitizers to ease the mapping process. The soft copy stereoplotters brought 

3D view to a single monitor. 

In 1993, ISPRS (Suilmann, 1993) published a paper about a new metric camera for 

photogrammetry, called the Rolleiflex 6008 metric. It was a 60 x 60 mm medium format camera 

with ring flash and an RS1 microcomputer to control the electronic leaf shutter. According to 

Pomaska, the Rollei 6008 metric responded to the strict demands of a photogrammetric 

measurement system to ensure high accuracy by offering reliable flattening of the film surface, 

accurate calibration of the camera, and precise determination of camera parameters (Pomaska, 

1999). The Rollei 6008 metric was a uniquely designed camera, with a rigid aluminum body, a 

handle, and different 40 mm, 50 mm, and 80 mm Zeiss lenses (Figure 2-24). It should be noted 

that Rollei camera was equipped with Close Range Digital Workstation (CDW) software to do 

the calculations and extract the measurements. Digital image data were acquired directly from 

digital sensors or photographs from film development that were scanned. A scanned image from a 

medium format film had about 25,000,000 pixels which required a 2100 dots per inch (DPI) 

scanner (Hanke & Grussenmeyer, 2002). The advent of digital photography and the use of Digital 

Single-Lens Reflex (DSLR) cameras have made the photogrammetry process easier and cheaper 

as it is possible to obtain the internal and external camera geometry and parameters. Moreover, 

new photogrammetric software can calculate digital camera calibrations automatically like 

Agisoft MetaShape (Agisoft LLC, 2021). 
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Figure 2-24 The Rollei 6008 metric (Pomaska, 1999) 

It should be noted that the Rolleiflex 6008 metric was equipped with a particular type of 

fiducial markers, called Réseau plate as it was modified for the application of photogrammetric 

measurement techniques (Suilmann, 1993). It was a transparent sheet of glass, engraved by 

crosses, called reticles. This approach was a solution to the image distortion if the markers were 

printed evenly on the film negative. The other advantage of using this plate was the possibility of 

image correction as the crosses positions were known (Letellier & Eppich, 2015, p. 192). One of 

these cameras was designed by Hasselblad, outfitted with a Réseau plate, to document the lunar 

surface used by NASA in 1969 for the Apollo 11 mission.8 

In 1998, two French research teams developed a web-based digital photogrammetric 

software in JAVA for to use on the internet, called ARPENTEUR (ARchitectural 

PhotogrammEtry Network Tool for EdUcation and Research) project. It was mainly dedicated to 

architectural photogrammetry, close-range terrestrial photogrammetry, and to some extent aerial 

images (Grussenmeyer, Drap, & Gaillard, 2002; Hanke & Grussenmeyer, 2002). The website has 

been archived in 2001 for the last time.9 

Due to the wider availability of, and access to, non-metric cameras, they are still being 

used in different applications. For example, in a study conducted by Fryer (1985), the author 

 

8 https://www.hasselblad.com/inspiration/history/hasselblad-in-space/ 
9 https://web.archive.org/web/20090309102051/http://arpenteur.net/ 
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tested the potential of non-metric cameras against metric cameras for photogrammetry surveys to 

measure dam deformations. The authors reported that using a $200 amateur camera, like the 

Canon AF35M, they were able to obtain a minimum standard positioning error of 57.3 mm, 

whereas using metric 35k10 Zeiss Jena UMK and $7k11 Wild P-32 cameras, they obtained 

standard errors of 4.9 mm and 24.3 mm, respectively. In addition, comparing these accuracies 

with more advanced non-metric cameras, like the $5k12 Hasselblad 500 ELM showed a 

significant reduction in positioning error (28.3 mm) compared to the cheaper non-metric cameras. 

Although more recent studies have reported the efficacy of non-metric cameras for 

photogrammetry surveys (Rogova, 2020), such cameras may not always meet accuracy 

requirements in some applications, especially in cases where highly accurate measurements are 

required. One of the main issues with non-metric cameras is the instability of their interior 

orientations. Because of this, such cameras may not be useful for accurate close-range 

photogrammetry applications, especially if they do not have high resolutions. In this regard, an 

experimental study by Ruzgiene (2005) demonstrated that not all amateur, non-metric cameras 

are suitable for photogrammetry surveys. To analyze this, the authors used a low-cost, low-

resolution JENOPTIK JD11. According to the experiments in that study, the instability variations 

of the interior orientations of the camera ranged from 30-50 pixels, which was equivalent to 0.1-

0.15 mm on the sensor. Those evaluations showed that only in limited, low-accuracy 

photogrammetry applications, amateur low-cost cameras could be used as they by no means can 

meet high-accuracy requirements.  

In another study, Hanke & Grussenmeyer (2002) discuss digital technology advances 

related to close-range and architectural photogrammetry and other improvements in the surveying 

 

10 35,000.00 US Dollars of 1985 are worth 75,958.91 US Dollars of 2021. 
11 7,000.00 US Dollars of 1985 are worth 15,191.78 US Dollars of 2021. 
12 5,000.00 US Dollars of 1985 are worth 10,851.27 US Dollars of 2021. Retrieved from: 

https://stats.areppim.com/calc/calc_usdlrxdeflator.php 
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of historical monuments and sites. The authors note that one of the most critical digital advances 

was the advent of high-resolution CCD cameras that produce digital photographs that can be 

processed in computers without first having to digitize an analogue film. This is a seminal paper 

because it provides practical solutions for using non-metric cameras, whether the camera 

parameters are known or not. It also describes the stereographic process and how two photos are 

needed to produce a spatial (stereoscopic) impression of the object. The guidelines in this paper 

suggest using cameras with known calibration and little lens distortion, parallel directions for 

camera positions, and a stereo base between 1:5 and 1:15 (Hanke & Grussenmeyer, 2002, p. 4). 

The paper also details a convergent bundle method containing two or more stereopairs for 

complex forms so that the photos adequately overlap in different orientations. Furthermore, the 

writer also suggests calibrating the camera during the project to increase documentation accuracy.  

Thanks to the new advances at the time of his article, Hanke & Grussenmeyer (2002) 

predicted that more flexible processes for camera calibration and camera positions could be 

obtained using convergent, horizontal, vertical, or oblique images taken with a combination of 

different lenses and cameras. 3D visualization, which shows the surface texture (also known as 

surface finish or surface topography, is the local deviation of a surface from a perfectly flat plane) 

to the human operator, is called textured 3D modeling or photo modeling. The writers suggest 

that at least four control points and perpendicular photography to the reference planes are 

required to produce rectified photographs and better accuracy. 

Hanke & Grussenmeyer (2002) describe VR technology as a promising way to visualize 

3D data. The authors describe that through the use of virtual reality modeling language (VRML) 

file formats introduced in 1991, the technology offers interactive animated fly-over and walk-

around photo models, not only for architectural purposes, but also for applications in other 

domains, such as the video game industry. To avoid the time-consuming process of building the 

3D model, the article also introduces the use of cylindrical or spherical panoramic images to 
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visualize real-world objects, merging photos taken with 20% to 50% overlap from a fixed camera 

position around the vertical axis. Nowadays, the procedures and recommendations of this paper 

can be used practically as a foundation for collecting the data on historical sites, and for building 

new guidelines for the integrated method presented in this thesis. 

The significance of photography is obvious in the documentation of built heritage. 

Architectural photographers are trained to apply different instruments and techniques to capture 

architectural spaces objectively (Ackerman, 2005). Therefore, in the context of this thesis, there 

are two main types of photography used to record built heritage: 1) architectural photography; 

and 2) architectural photogrammetry. While architectural photography aims to capture the sense 

of space, including the property and its surroundings, architectural photogrammetry focuses on 

the geometry of the built heritage. 

Photogrammetry has proven itself to be an essential solution for various architectural 

tasks. There are many compelling reasons why architectural photogrammetry is preferred over 

other photographic or manual approaches. Of the different types of photogrammetry, close-range 

photogrammetry is one of them. To take advantage of close-range photogrammetry for 

architectural purposes, the first ingredient is stereopairs of images, acquired using metric, 

calibrated cameras whose intrinsic orientation parameters are already known. 

In one of the reviews on the potential of photogrammetry in architectural applications, 

Dallas (1983) examines the rise in photogrammetric methods in architecture, particularly in the 

United Kingdom, roughly from 1973 to 1983. The writer emphasizes that the traditional methods 

of measuring were valid at the time of writing the paper while offering some qualities that 

photogrammetry cannot provide, such as enhancement of the drawing by adding weight, 

elevation, light, and shade. According to the results of Dallas's questionnaire, photogrammetry, 

precisely the close-range form, was considered a niche market and the number of experts was 

unlikely more than 15 people in the United Kingdom (p. 9). Based on the questionnaire results, 
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Dallas finds the drawing of complex 3D forms and structures, the ability to rectify photographs, 

and the technique's high accuracy are advantages of using photogrammetry. While noting that the 

technique is expensive, he advises that insisting on cheap processes with poor techniques will 

lead to unsatisfactory results and a failure to understand the importance of architectural detail 

(Dallas, 1983, p. 16).  

Dallas (1983) represents CIPA as one of the active international bodies developing 

architectural photogrammetry in the efforts to involve and connect more surveyors and lay users. 

He also mentions the incredible number of taken photos in one of the fieldworks. Sir Frank Mears 

and Partners, an Edinburgh firm of architects and planners, captured an incredible 35,000 

negatives and printed 30,000 of them. Of these prints, 23,000 were rectified photographic prints, 

and about 1000 drawings of individual façades were created from rectified photographs of 

vernacular buildings in Scotland. This paper also points to the advent of cheap electronic 

computer power and new technologies to process images and standardize the processes of 

architectural and aerial photogrammetry. Dallas also mentions the endeavors and achievements in 

architectural photogrammetry of other European countries (France, Austria, and Germany). He 

expresses that a high proportion of architects are conversant enough with photogrammetry 

techniques to consider their applications in appropriate surveys. Dallas sees photogrammetry as 

mid-way in reaching the point that a "do-it-yourself" approach can link architects to the 

photogrammetric survey process. 

2.4.2 Photogrammetry Guidelines/References 

It is also worth examining some of the photogrammetry guidelines that are relevant to 

this thesis. One of the first photogrammetry guidelines was introduced by CIPA, performing a test 

on " Otto Wagner Pavillon Karlsplatz" station in Vienna (Almagro, Patias, & Waldhäusl, 1996). 

CIPA has always been concerned about the challenges in using photogrammetry techniques. 

These challenges have changed with the use of pre-calibrated, self-calibrated, or non-metric 
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cameras, new camera formats, different control and measuring devices, higher levels of 

restitution, and new required software. This paper, from 1996, introduces photogrammetry as a 

helpful technique to preserve the architecture knowledge for the future. The authors note that, 

with its obvious benefits, photogrammetry can be used for planning, construction, reconstruction, 

and revitalization of architecture. This article also encourages practitioners in various disciplines 

who do architectural photography to know more about the minimum control requirements of 

photogrammetry. The promotion toward the widespread use of photogrammetry has always been 

one of the CIPA concerns. The authors believed this aim is possible thanks to the new 

technologies and the current state-of-the-art in architectural photogrammetry of the time, and can 

be achieved by having architectural photogrammetrists connect, share their expertise, and receive 

training on the minimum control requirements. The authors compared different photogrammetric 

solutions, such as utilizing either semi- or non-metric cameras, medium or small formats, and 

measuring devices of different accuracies. This study also evaluated the possibility of using 

amateur cameras to record cultural heritage and various bundle adjustment software. The data 

they used was collected by a network of 16 university photogrammetry institutes, located mainly 

in Europe. Ultimately, the writers concluded that: 1) using small-format non-metric cameras 1cm-

2cm accuracy was obtained; 2) adequate results can be obtained by using a proper pre-calibration 

or careful self-calibration procedure when using small-format non-metric cameras; 3) photo 

scales, camera characteristics, and measuring devices are the factors that substantially affect 

accuracy; 4) following the 3 x 3 rules (Waldhäusl & Ogleby, 1994) provides almost as accurate 

results as the use of minimum constrained solutions with surveying data. 

Later, Wiedemann, Hemmleb, and Albertz (2000) introduced their own version of 

photogrammetry guidelines in Reconstruction of Historical Buildings Based on Images from the 

Meydenbauer Archives. That paper investigates the possibility of reconstructing the buildings in 

the city centre of Berlin that was destroyed during World War II. Reconstruction relied on 
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historical images, especially from the Meydenbauer Archive. This archive, also called 

"Messbildanstalt," comprises about 20,000 negative glass plates, with a size of up to 40 cm × 40 

cm, collected between 1885 and 1920. The paper notes that although the interior and exterior 

orientation of the photos and camera parameters are not available anymore, the quality of the 

images is satisfying; however, not all Meydenbauer photos are ideal for calibration purposes. 

There were several challenges with these photos that made detecting the photo orientation 

difficult for the authors. First, the authors note that the plates were scanned with a 1000 DPI 

resolution large format scanner, and there were no suitable comparators for measuring photo 

coordinates using this huge format. Moreover, some of the 1:100 generated plans showing the 

building positions on the map contained mistakes. Besides, measuring an adequate number of 

control points was difficult, since many of the surrounding buildings had been destroyed or not 

appropriately reconstructed. Ultimately, this article confirms that the old photos can still be 

employed to extract accurate measurements if certain procedures are followed.  

Since its establishment in 1968, CIPA has published different comprehensive guidelines 

for architectural photogrammetry. One of these guidelines is "CIPA 3x3 rules," a paper presented 

by Peter Waldhäusl (University of Technology, Vienna, Austria) and Cliff Ogleby (University of 

Melbourne, Australia) at the ISPRS Commission V Symposium Close Range Techniques and 

Machine Vision in Melbourne, Australia, 1994. In the 1988 CIPA Symposium in Sofia, simple 

guidelines for photographing with non-metric cameras were established, tested, and published 

(Estrin, 2015; Waldhäusl & Ogleby, 1994).  

Before publishing this guide, Waldhäusl (1991) published a paper regarding a test for 

architectural photogrammetry in Vienna. The next version of these guidelines was adapted in 

2013 for digital cameras (CIPA, n.d.b.). This reference is called "3x3" because it includes three 

main parts: three geometrical rules, three photographic rules, and three procedural rules. Each of 

these rules includes three sub-rules. The 3x3 rules are as follows: 
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The geometrical rules are:  

• Acquiring the GCPs 

• Wide stereo photo cover with about 60% overlap  

• Detailed stereo photo coverage 

The photographic rules are:  

• Fixed camera properties, such as focal length and infinity focus 

• Optical and visual (colour) camera calibration 

• Consistent image exposure  

The organizational rules are: 

• Keep records of the photo layout with sketches 

• Log the metadata, such as name, location, date 

• Use archiving, which offers the file format and safe repository 

Hanke & Grussenmeyer (2002) also argue the CIPA’s mandates under the assumptions 

that a monument can only be restored and protected if 1) it has been fully measured and 

documented, 2) its development has been repeatedly recorded, 3) it has been monitored with 

respect to its environment, and 4) it has been stored in proper heritage information and 

management systems. This article considers CIPA to be a vital link between architects, historians, 

archaeologists, conservationists, inventory experts, specialists in photogrammetry and remote 

sensing, spatial information systems, CAD, computer graphics, and other related fields. 

Additionally, the writers consider CIPA to be responsible for establishing new methods and 

training the members through relevant scientific conferences. Therefore, the writers refer to 

CIPA's 3 x 3 rules, as an essential resource (Waldhäusl & Ogleby, 1994).  
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Chapter 3 

Conclusion 

The best documentation approach must include architectural character as well as building 

geometry. The character consists of some architectural elements that have been described before. 

Therefore, the best documentation is a combination of these two fundamental elements. Although 

traditional documentation methods, such as conventional surveying, technical drawings, painting, 

and sketching, are still valid and effective, their disadvantages include having low accuracy, time-

consuming procedures, and requiring expensive labour work. Even though painting and sketching 

can present architectural character according to the artist's priorities and preferences, these 

methods cause subjectivity. In other words, documentation must contain completely objective 

information and be free from any personal interpretation. The solution for documentation must 

include sufficient data, such as adequate information about the architectural space and how the 

architectural elements are placed, the materials and colours used, and the details of construction 

techniques. In general, it can be said that this solution is like a reverse design process, 

representing the property from a more extensive scope (site's geographical location) to detailed 

information. 

Photography is also of crucial importance along with other methods because, thanks to 

digital advances, it has become more affordable, accessible, and uncomplicated than ever. 

Photography can be a subjective process like painting or sketching. However, considering its 

possibility to be objective, photography can be regarded as one of the most beneficial 

documentation tools. In addition, photography can be used in different photogrammetric 

techniques, although this does not mean that photos taken for documentation can be used for all 

photogrammetry applications. In other words, these approaches have been considered separately 

for different applications. 
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Current modern photogrammetry techniques require capturing numerous overlapped 

photos to shape a digital surrogate. The computational process also needs a high-end computer to 

create a 3D model using algorithms like SfM. Although the obtained 3D model can represent the 

built cultural heritage, the process is time consuming with sheer amount of data. In the end, 

photogrammetry cannot adequately present the architectural character. Another issue with many 

photos is the lack of ability to authenticate the files. The more the photos, the harder it is to 

distinguish changes and manipulations. 

The fusion of stereography and stereophotogrammetry produces compact datasets made 

up of stereopairs that are easy to store and share, and require minimum intervention because the 

results are obtained in only a few stages. This compact dataset is also desirable for long-term 

storage. This fusion technique records as many data as possible, using stereography and 

stereophotogrammetry techniques, to keep the deliverables in repositories for future use. The 

obtained dataset establishes empirical provenance and guarantees the authenticity of data (Mudge, 

Ashley, & Schroer, 2007; Mudge et al., 2008). This combination prioritizes the simultaneous 

capture of character and geometry.  

As already stated, although the result is not interactive compared to digital surrogates, 

this technique has many advantages. While stereography has never been systematically deployed 

for heritage documentation, it can better capture architectural character than conventional 

photography. It is also as old as photography and is a unique way to capture space and what exists 

(Appel, 1995; Babbitts, 2004; Darrah, 1977; Klahr, 2016; Wheatstone, 1838). Furthermore, 

stereophotogrammetry can capture the geometry while using a minimum number of photos and 

minimal intervention and simultaneously offers a better perception of small features like fractures 

and cracks than can be drawn in technical drawings.  

The reviews presented in this thesis will open new insights into different challenges that 

cultural heritage documentation is undergoing. The suggestions provided in this study can assist 
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with improving cultural heritage preservations and expanding the research scope from a local 

legislator to a more prominent domain like the Provincial and the Federal Governments of 

Canada. 

3.1 Current Gaps 

Although photography and photogrammetry are highly recommended as documentation 

methods, they follow two different applications. Photography is used to document the built 

cultural heritage, and photogrammetry creates the digital surrogate. In other words, the potential 

of "obsolete" techniques has been undermined for built cultural heritage documentation. 

Moreover, as a versatile approach compared to 2D photography, stereography has never been a 

requisite used for documentation purposes. In addition to not being efficient, the current approach 

does not capture the spirit of the property, that is, the architectural characters.  

 Moreover, there is an urgent need to update the existing architectural photography 

guidelines. As mentioned earlier, although the existing documentation guidelines have considered 

2D photography part of the documentation process, none of them has mentioned what should be 

done and how to do it. The current architectural photogrammetry guidelines also can be helpful 

regarding photogrammetry; however, there are no suggestions on what file format to store the 

dataset in the instructions. In other words, those involved in cultural heritage have not sufficiently 

explored the potential of digital technologies and integrating stereography and 

stereophotogrammetry. There is also a lack of a literature review on photographic documentation 

of built cultural heritage. 

The other aspect is that 3D modeling is an integral part of modern documentation 

methods, although it is not efficient in some cases due to requiring a larger number of overlapped 

images, demanding large storage sizes, time-consuming image acquisition, and computationally 

intensive processes. 



 

68 

 

3.2 Integrating Stereography and Stereophotogrammetry in the 21st century 

The chosen camera setup for the current research comprises two full-frame, remotely 

controllable 36.3-megapixel Nikon D800E13 cameras on a rigid 70 cm bar using a sturdy tripod. 

The cameras are equipped with prime 24mm Nikkor lenses14 to guarantee the optical quality, 

image quality, sharpness, calibration result, and wider maximum aperture. Two geotaggers were 

installed on each camera to add geographical information, also precise time and date on photos’ 

metadata. A Pelican Studio Case has been used to protect and transfer the equipment (Figure 3-1)  

to the field (Figure 3-2). We used a high refresh rate gaming BenQ 3D monitor15, a 3D Video 

Graphics Array (VGA)16, and active shutter glasses. The main computer also uses an Intel i7 

processor with 32 GB ram to ensure smooth processing. Unfortunately, this setup will be 

complicated since manufacturers like NVIDIA17 discontinued their 3D products. 

 

Figure 3-1 Equipment arrangement in the case. 

 

13 https://www.nikonusa.com/en/nikon-products/product-archive/dslr-cameras/d800e.html 
14 https://en.nikon.ca/nikon-products/product/camera-lenses/af-s-nikkor-24mm-f%252f1.8g-ed.html 
15 https://zowie.benq.com/en-ca/product/monitor/xl/xl2411.html 
16 https://www.pny.com/nvidia-quadro-p2000 
17 https://nvidia.custhelp.com/app/answers/detail/a_id/4845/~/3d-vision-end-of-life 
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Figure 3-2 Camera setup in the fieldwork, Fort Henry, Kingston 

Several free stereography softwares are available online, such as StereoPhoto Maker 

(SPM) (Suto, n.d.), and 3DMasterKit (Triaxes, 2021). The stereopairs are finalized in SPM 

(Figure 3-3) because it is free, and the developer provides regular updates to fix problems and 

improve the software. The final image file can be a single known JPEG file or a stereo file with 

the extension of JPS. A JPS file is a stereoscopic JPEG picture that is used to generate 3D effects 

from Two-Dimensional (2D) photos. It includes two static pictures, one for each eye, encoded as 

two side-by-side images in a single JPEG file. The JPS files can be seen in free 3D viewer 

software, like sView18 (Figure 3-4), in three approaches: 1) cross-eye view that needs the viewer 

to stare at the stereopair with crossed eyes. It brings headaches, and many people cannot carry on 

with that. 2) passive view that needs anaglyph glasses (Figure 3-4) to see the scene in 3D, and 3) 

active view that needs 3D rendering devices, including an active shutter 3D glasses (Figure 3-4), 

and a high refresh rate monitor to facilitate the 3D view. In this research, all three approaches 

have been examined. The result of the first approach looks more natural; however, it makes the 

eyes tired. Moreover, returning to normal view is difficult after staring at the stereopair. The 

anaglyph glasses are cheap and available online to purchase. It is also possible to consider the 

fourth category as well since the new technologies such as glasses-free 3D displays19, and 3D real 

 

18 https://www.sview.ru/en/download/ 
19 https://new3dt.com/ 
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image display system without special glasses20; however, these technologies are developed 

mostly for the entertainment industry. 

 

Figure 3-3 View of the SPM (Suto, n.d.) software environment (left image). The anaglyph 

stereoview in the sView, the 3D viewer software (right image) 

 

Figure 3-4 Anaglyph glasses (left image). Source: https://www.amazon.ca/Glasses-Blue-

Dimensional-Vision-Movie/dp/B09B5YL866/. NVIDIA 3D Vision Wireless (right image). 

Source: https://www.nvidia.com/content/newsletters/web/3D-Vision/3d-vision-glasses-

web.html 

The stereoviews could be viewed using anaglyph glasses, and stereoplotting can be 

applied using the 3DM Analyst Mine Mapping Suite (Adamcare, 2021) (Figure 3-5) to map the 

architectural features and prepare the graphic documentation. Later, the technical drawings could 

be inspected and changed using CAD software such as AutoCAD (Product version: S.51.0.0 

AutoCAD 2022). More importantly, the dataset obtained by the proposed method in this thesis 

 

20 https://www.spiedigitallibrary.org/conference-proceedings-of-spie/5618/0000/100-inch-3D-real-image-

rear-projection-display-system-based/10.1117/12.579490.short 
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doesn’t require a digital surrogate to extract the heritage deliverables. This literature review will, 

it is hoped, provide the grounding for a such a future research project. 

 

Figure 3-5 View of the 3DM Analyst Mine Mapping Suite (Adamcare, 2021) software 

environment 

The superiority of our suggestive method is the combination of stereo bases. 3DM 

Analyst Mine Mapping Suite offers a maximum 1:6 base-to-distance ratio to achieve the best 

result in data acquisition for photogrammetry. While stereography, as discussed above, requires a 

1:30 base-to-distance ratio. The different needs of ratios are made possible by the integration of 

photography stations. Thus, single photos of each station can be combined with single photos of 

other stations to obtain the desired ratio, suitable for stereography or stereophotogrammetry. As 

shown in Figure 3-6. 
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Figure 3-6 Obtaining different Base-to-Distance ratios by combining two techniques 

3.3 Future Suggestions 

It has been believed that no other data source is such an objective document as a 

historical photograph (Wiedemann, Hemmleb, & Albertz, 2000). The genre of architectural 

photography, as mentioned above, helps understand this research perspective on architectural 

photography. In addition, the suggested fusion in this thesis can provide a combination of both 

sub-genres of architectural photography and architectural photogrammetry in one package. The 

dataset will provide the requirements for documenting built cultural heritage, including the need 

to capture the character adequately and to permanently record the accurate metric geometry. 

This literature review aimed to resurrect the "obsolete" techniques for documenting built 

cultural heritage through reviewing: 

1) Different built cultural heritage documentation methods were presented to familiarize 

the community with the past and current trends of works in this field. 
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2) Advantages and disadvantages of modern and "obsolete" techniques were discussed. 

3) The potential of "obsolete" approaches (stereography and stereophotogrammetry) was 

investigated. 

According to the literature review conducted in this thesis, we suggest a hybrid approach 

of stereography and stereophotogrammetry, using architectural photography techniques, for the 

documentation of built cultural heritage for future studies. We also suggest the adoption of digital 

practices through fundamental concepts of heritage in order to build suitable datasets. The goal in 

this case is to use this fusion to balance heritage requirements with precision, reduced physical 

labour, affordability, non-destructive procedures, and the use of easy-to-access equipment. The 

main objectives for future can be: 

1) To develop digital stereography as an efficient approach to capture character. 

2) To develop digital stereophotogrammetry as an adequate graphic documentation 

technique for capturing the geometry of built cultural heritage. 

3) Experimentally evaluating the potential of the suggested integration approach for 

replacing digital surrogates (i.e., 3D models) for built cultural heritage documentation.   
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