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                           Abstract  
  

Building Information Modeling (BIM) has recently attained widespread attention in the Architectural, 

Engineering and Construction (AEC) industry. Prior research has explored the current use of BIM in 

renovation projects and areas of which BIM capability needs improvement, with less focus on how to 

achieve it. This study examines the current use of BIM in construction projects and to enhance its overall 

workflow with the use of drones. This research makes use of an empirical case study from three 

construction firms in Sweden coupled with qualitative research method through a semi-structured 

interview. The contribution of this study includes the balancing of organization changes for effective 

implementation of a BIM-Drones solution to provide a smart integration of data into the existing BIM 

software for verification, security and accurate surveillance of the construction site.  

 

Keywords: Building Information Modeling (BIM), Drones, BIM-Drones Solution, Organizational 

Change Forces, Construction Productivity, Construction Firms  

    
1. Introduction  
  

Using computer technology in the construction industry started with producing drawings from the early 

1980s. Developments in technology have led to models in 3D format and increased in the 2000s with the 

purpose of visualizing buildings (Gökgür, 2015). In the past few years, it has connected more information 

to models and defining objects instead of a purely geometrical perspective. In this sense, it has increasingly 

used BIM for this original purpose making it an acceptable technology for various purposes such as data 

sharing, verification and ensuring the delivery of construction projects. The delivery of a base construction 

project is a complex process, not a simple event. The large number of stakeholders involved (owners, 

consultants, consultants contractors, subcontractors, suppliers, stakeholders, investors, public and local 

authorities) and the discrepancy in the way these stakeholders recognize vital issues of the construction 

process often create disruption to the progress of works and unavoidable delay to the completion and 

delivery of the project.  

  

For the size and high cost of the prototype in a construction project, it is impossible to create and test prior 

construction in comparison with other industries. This is due to bad weather or wrong calculations of data 

which becomes difficult to determine. Unexpected events and changes may occur during the construction 

process that will cause an extensive amount of delay in the planned progress of work. Communication and 

exchange of ideas and aim opinions during the construction process are constant, and changes to the 

works or the methods which are used to be carried out are in most occasions unavoidable (Yiannis et al., 

2015).Considering the high costs involved in a construction project, delays and deliveries causes extra 

costs, and also consequential losses and expenses which on the one hand affect the project’s profitability 

and none of the involved parties wishes to be held responsible for and bear (Yiannis et al., 2015). The 

vindication of cause and effect of delay in projects delivery often comprise a major dispute issue in 

construction cases and the delay analysis is the crucial element of construction disputes. In cases like this, 

the quality of an available account of events will be vital together with the delay and disruption analysis 

itself.  
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The ultimate aim of the stakeholders involved in the construction industry would be the avoidance of 

disputes and unnecessary delay of construction work. However, if we seek to avoid disputes, we must seek 

to predict them, by taking the necessary actions to avoid delays (Fenn, 2002). Therefore, the efficient data 

collection and effective management of a construction project planning with the use of BIM and drones 

would be essential elements of dispute prediction and increment in construction productivity.  

  

Previous research has suggested that BIM (Building Information Modeling) is the future technology to 

address low productivity and delay in project delivery in the construction industry. One example is 

(Gökgür, 2015) which analyze the current practices of BIM in construction projects to identify areas where 

BIM needs improvement in construction projects. However, there was no guideline on how to achieve this. 

To close this gap, the study aims to investigate ways of integrating data into the existing BIM model that 

would improve its overall workflow by exploring the potential a BIM-Drones solution (Dupont et al., 

2017). This will help to increase operational efficiency, reduce cost and time, which may eventually result 

in increased productivity. Hence, the current research question is formulated as follows to set out to guide 

this study is:  

  

How do construction firms leverage Building Information Modeling and drones to overcome 

challenges in the planning phase of the construction process?  

  

To answer the research question, first, this study will focus on investigating some organizational change 

forces (i.e. the restraining and driving forces) in the construction industry. Follow by the increment in 

productivity with implementing emerging digital technologies (i.e. BIM and Drones) which have been the 

driving force for organizational change across the construction industry today. Hence, to understand these 

forces, the study conducted a literature review with a combination of empirical studies through semi-

structured interviews involving project managers and other top management personnel in three 

construction firms. In the upcoming sections, the study present related research based on these following 

concepts; Organizational change forces and Emerging digital technologies which are link with exploring 

the role of drones in construction (EDC), before presenting the research method more explicitly. Finally, 

the results are presented and discussed in relation to the above concepts.  

    

2 Related Research  
              

The author associates the concept of exploring the role of drones in construction firms with two main 

streams namely: organizational change forces and emerging digital technologies as shown below in  

   Table 1.    

      

EDC Concepts  Concept’s Framework  References  

Organizational 

change forces  
These forces act on the existing state of 

equilibrium of the organization.  

  

Tanuja 

(2018)  

  

Emerging digital 

technologies  

They will increase productivity by producing a 

higher level of automation such as quality, time 

and costs.  

Smithsson  

(2017)  

  

                                                                              Table 1, Research Streams.  
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2.1 Organizational Change Forces   
  

Organizations are changing their structures and work environment to remain competitive. They are 

adjusting to environmental changes to sustain and relate to the environment (Tanuja, 2018). Adjusting to 

changes is not sufficient, organizations should also expect the changes and incorporate them into their 

budgets and plans. For instance, emerging technologies such as Building Information Modeling (BIM), 

Smart Materials, Virtual Reality, and Drones shape the future of this industry toward what we have called 

ConstrucTech which has created a disruptive effect in organizations (InnovatorsGuide, 2018). These 

effects are causing several firms to change their business process and align of business objectives with IT 

to remain competitive. Tanuja (2018) further highlighted that changes are often necessary if organizations 

want to enter mergers, be adaptive to environmental conditions, and compete in the domestic and 

international markets and improvement in performance. Despite this disruptive effect, some firms are 

still reluctant to embrace change, due to the restraining power around the work environment among 

employees who are not IT skilled enough to handle or work with new technologies. To manage these 

restraining forces, organizations must incorporate ways employees can see change as a positive thing 

which can elevate their business. This will reduce the restraining power and encourage them to embrace 

change.  

  

2.1.1 Forces for Change   
  

Two forces act on the current state of equilibrium in organizations the driving and restraining forces. 

Driving forces are the ones which are sustaining the change and restraining forces are the ones who are 

restraining the change (Bhasin, 2018). Example of a driving force in the construction industry today is 

introduction of BIM and Drones. These technologies are transforming the traditional method of 

construction from data collection of a construction site to overall site inspection even in hazardous areas 

where getting accurate data can be tedious. Drones in construction have made surveying much easier by 

playing a huge role in making data collection simple (Anderson, 2018). Examples of restraining forces that 

discourage people to accept change include laziness, habits, precedents, domestic problems and routine 

nature of work (Tanuja, 2018). For a traditional construction worker, mixing of cement or taking the 

measurement of building materials is a routine nature of work, thus the use of IT related tools in this 

process may seem too unnecessary and time-consuming when he or she is not IT skilled enough. In most 

cases, this could be a hindrance. To survive, grow and develop in the industry, organizations spurt the 

driving forces and reduce the restraining forces. This will help reach a new height of equilibrium and 

embraced by the organizational members. There are various obvious factors which will cause movement 

for organizations to think about change. It creates these stimulating factors because of either internal or 

external factors. The internal factors determine how the organization moves forward, both as a self-

contained organizational entity and in response to its external environment (Gleeson, 2018). These factors 

include decision-making processes, communication, interpersonal relationships, leadership, 

management systems, events, structure, and conditions within the organization are under the control of 

the company (Rizescu and Tileaga, 2016). The company’s organizational culture, mission statement, and 

style of leadership are factors connected with the internal causes of an organization hence, it is the internal 

factor that would influence organizational activities, decisions and employees behavior (Gleeson, 2018). 

Changes in leadership style, organization mission or culture can put a considerable impact on the 

organization. The external causes attribute to factors that happen outside the company that causes a 

change in the organizations which at most times are beyond the control of the company. Examples of 

external causes include competition, economy, customers, technology, political and social conditions that 
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influence an organization (Gleeson, 2018). Even though the external causes are outside of the 

organization, it can have a significant influence on its current operations, growth and long-term 

sustainability. To remain in business, companies must be ready to adapt to these external factors. Noble 

(2017) stated that an organization must recognize what external forces are to prompt change. Ignoring 

external causes can be a detrimental mistake for any organization to make therefore, it is imperative that 

organizations adapt to external causes instead of taking a reactive approach which can lead to a different 

outcome. External causes are very crucial for survival and competitiveness organizations must ensure that 

their business objectives are aligned to handle these external causes that would most likely change their 

work processes and environment.  

  

2.1.2 The Process of Change Forces   
  

Burnes (2004) argued that few social scientists have received admiration and the level of praise that has 

amassed consequent to Kurt Lewin (Ash, 1992; Bargal et al., 1992; Dent and Goldberg, 1999; Dickens and 

Watkins, 1999; Tobach, 1994). Kurt Lewin observed that people were resistant to accepting change and if 

they accept it they revert to the original behavior after some time (Tanuja, 2018). As for Lewin, the process 

of change involves creation of a perception we need a change, then moving closer to the new, desired level 

of behavior and strengthening the new behavior as the pattern (Burnes, 2004). To ensure change has a 

long-lasting effect, it should become part of organizational attitude and value system. Lewin suggested a 

three-step model start change in organizations and behavior of individuals and groups i.e. unfreezing, 

changing or moving and refreezing (Tanuja, 2018).  

  

Unfreezing: Unfreezing makes the need for change inevitable to members so they become ready 

to accept the change (Tanuja, 2018). It creates a mindset in people that the present system of 

working is not desirable, and it needs change. It encourages people to change the traditional ways 

to new ways of working. Burnes (2004) argue that one of the most effective ways to motivate 

employees to accept change is by getting them to see the need for change. They accept change and 

take part in its implementation. Individual analyze the current situation, discuss the problems and 

recognize the need for change. It infers that their current thinking is unfrozen, conventional 

methods of working are discarded and new methods appropriate to the environmental demands are 

adopted (Tanuja, 2018). This will help in eliminating any resistance to change by improving 

communication and building trust and confidence. Unfreezing in the change process generates self-

doubt and provides a means of remedying the situation (Tanuja, 2018). However, there are three 

processes necessary to achieve unfreezing: the induction of guilt or survival anxiety, creating 

psychological safety and disconfirmation of the validity of the status quo (Schein, 1996). They 

develop unless adequate psychological safety, they will deny the disconfirming information or in 

other ways defended against, they will feel no survival anxiety and no change will take place (Schein, 

1996). The concerned individual has to feel safe from humiliation and loss before they can embrace 

the new norms and put an end to old ones.  

  

Change or Moving: When people are willing or ready to accept the change, it becomes easier to 

start by learning new ways of handling things for example how BIM works. New information is 

collected, new concepts are developed, members are trained to implement the concepts and present 

perspectives and attitudes are changed (Tanuja, 2018). The new behavior is encouraged causing a 

change in the current value system, new attitudes and beliefs are developed. Members identify 

themselves with the changed value systems and internalize them by changing their behavioral 
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norms (Tanuja, 2018). In this manner, it would introduce changes, and people adjust their behavior 

or attitude to the new norm.  

  

 
 

Refreezing: Though change is desirable, individuals often resist change. Despite, learning new 

ways of handling things, they revert to old behavior after working in the changing environment for 

some time (Tanuja, 2018). This is where refreezing comes into play because it will make a change 

prmanent until there is a need to reintroduce change. It means locking the new behavior pattern 

into place by supporting or reinforcing mechanisms so it becomes the new norm (Tanuja, 2018). 

Individuals realize that change will affect their future behavior. Reinforcement of behavior is, 

therefore, the aim of refreezing (Tanuja, 2018). They can do this in the following ways: Managers 

motivate the subordinates to accept change as a permanent feature by relating changed behavior 

with a reward system and Managers understand the reasons people resist change and overcome 

their resistance.  

  

Though, the process of change might not be an easy task for organizations or managers. However, one of 

the best ways to go through with the process of change is using the Kurt Lewin Field Force Analysis (See 

Appendix B). The Force Field analysis helps to introduce change by balancing driving and restraining 

forces since, driving forces promote change and restraining forces restrain change (Tanuja, 2018). The 

pressure of driving and restraining forces helps organizations reach a new level of equilibrium where 

changed practices become the new norms unless it introduces again a change (Tanuja, 2018). Examples 

of forces to take into consideration when performing this analysis could be the resources, traditions, 

organizational structures, regulations, relationships, institutional policies, and norms, etc. (Bhasin, 2018). 

It may look less difficult to do, but involves a lot of ins-depth brainstorming such as, finding out what 

business benefit will the change deliver, the involved costs, relevant persons who are pro and con, the 

main reasons behind this or identifying other parts from the value chain that change might affect, are just 

some milestones in the thinking process (Bhasin, 2018). Once the feasibility of change is certain 

organizations can now back up their strategy using the Force Field Analysis tool.  

  

2.2 Emerging Digital Technologies  
  

Digital technologies have been of great benefit in most aspects of construction. From the idea inception 

and the process of designing to the construction itself and maintenance of the building (Smithsson, 2017). 

They oversee all areas and ease everything through group communication preparing projects to real 

physical construction work. One of such technologies that have gained prominence over the years 

including BIM (Building Information Modeling) and Drones. In the subsequent section, the author will 

discuss these technologies.  

  

2.2.1 The role of BIM in Construction   
  

Building Information Modeling (BIM) is the process of creating a digital model of a building or 

infrastructure facility (CIOB, 2018).Many researchers have tested the effectiveness of BIM applications 

within different educational or industrial settings (Peterson et al., 2011; Ding et al., 2014). In addition, 

many practitioners have acknowledged the potential benefits of this new technology, such as (Ding et al., 

2014; Sacks et al., 2010; Chen et al., 2011; Barlish, 2012; Solnosky, 2013). To date, they accept BIM as a 

process and corresponding technology to improve the efficiency and effectiveness of delivering a project 
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from inception to operation/maintenance (Volk, 2014). They base the model on information, building 

process, and management of data with the digital tool. Even though its major aspect comprises of 

geometrical 3D model of building projects, BIM covers the whole information along with design, 

construction processes and maintenance phases throughout the entire life cycle of the project. The rapid 

increase in the complexity of construction projects has forced the industry to seek an alternative modern 

method of construction and design to ensure the complexities that are affecting its production rate. The 

importance of BIM use for construction managers, contractors, and designers which enables them to 

complete tasks more efficiently (Gökgür, 2015). In addition, there has been an increase in client demand 

for BIM use from designers and contractors. One example was a recent seminar among building actors 

and government officials in Stockholm, Sweden, to stipulate the use of BIM to capture 3D images of 

building and infrastructure developments (Vinnova, 2018). Although this discussion is coming when other 

countries like UK, USA, Japan, and Germany are already using BIM for building projects. However, there 

are emerging discussions regarding the use and application of BIM in construction that are now underway 

in Sweden and which may reflect the broader trend of standards development in this field (Vinnova, 2018). 

Where BIM was defined as an end-to-end delivery method for projects construction. They divide 

standards related into three parts Concepts, Data Model and Process. Common concepts and classification 

of concepts are mandatory for all players to communicate in one language. Neutral formats for data 

models needed for systems and actors to exchange information. A uniform process for delivering 

information and a common working method is crucial. It can arrange BIM standardization themes around 

these three divisions.  

  

2.2.2 Application and Focus area of BIM in Construction   
  

In the construction industry today, they use BIM for a lot of works such as documentation, visualization, 

coordination between Consultants and Project managers (Gökgür, 2015). Sometimes, the client scale and 

requirements of a project often determine the use of BIM-based tools projects. They use these tools in 

large complex projects such as residential and commercial construction. Throughout the construction 

process of the project, BIM plays a vital role in documentation to form architectural plans and enable 

information sharing in one place. They use models that with BIM to review data, created by Consultants 

to avert conflicts. It uses these models for the coordination of construction work, scheduling, energy, 

quantity takeoff, simulation, and prediction. In addition, BIM can structure walk through for all 

Stakeholders and Clients for a better understanding and implementation of projects (Sheth et al., 2010). 

As earlier stated, aims at pre-planning, design, construction project delivery of infrastructure and 

buildings. However, current research has created a shift from its primary aim of new construction towards 

renovation and demolition (Sheth et al., 2010). It determines BIM application based on several factors in 

building and structures such as ownership i.e. private or public owners, type of construction i.e. municipal, 

commercial, residential, status i.e. new or existing (Sheth et al., 2010). These factors affect the level of the 

plan and other functionalities of using BIM in the design, construction and maintenance stages. Recent 

surveys highlighted that BIM applies to complex larger buildings and used by the respondents of surveys 

in residential, commercial, healthcare and other building types (Gökgür, 2015). Therefore, BIM needs 

further development or complementary technology.  
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                                                     Figure 1. Overview of focus area of BIM.  

  

The historical development of BIM is connected with object-oriented systems and parametric modeling 

linking to CAD software. The main purpose of BIM use is not bounded to the design stage, but they have 

developed it to implement for certain construction processes information such as budgeting, scheduling, 

and material handling (Charlesworth, 2014). Therefore, BIM would lack comprehensiveness if it only used 

for geometric modeling of the building and not covering other aspects. Looking at the characteristics of 

BIM-based software, the use of BIM from the initial phases of the construction projects would be more 

effective compared to other phases such as operation and maintenance (Gökgür, 2015). By simply aligning 

BIM with some technology (i.e. Drones) to close this gap. BIM is the future technology in improving 

construction productivity and it has gained a lot of acceptance in the construction industry regardless of 

its flaws. BIM is not only useful in the design stage to ensure the project is design but, it is also about 

reducing costs and time on site, and digitizing the building, bolt by bolt, for future building life cycle 

purposes (Charlesworth, 2014).  

  

2.2.3 The development of Drones   
  

There are various types of Unmanned Aerial Vehicles (UAVs, also known as drones) changing the way 

construction companies do business (Babel, 2014). Contractors use the camera-mounted UAVs to monitor 

their construction works and construction sites. These devices make it possible to identify potential 

hazards or quality issues, get real-time data on job progress, and help gain other useful information in a 

very expeditious and cost-effective manner (Thant, 2016). They are more helpful for larger construction 

sites to monitor construction projects. Types of UAVs available for commercial application include 

packages with four, six, or eight rotary blades. More blades mean more lift, and that provides more power 

for attached payloads (Babel, 2014). Many of the today drone systems are iPhone controlled, connected 

by Wi-Fi, and positioned using Global Positioning (Babel, 2014). The United States is the number one 

global leader in producing UAVs. However, we lag far behind the rest of the world in terms of commercial 

UAV applications, which include movies making, real estate, roof inspections, mining, environmental, and 

emergency response and recovery, missing person searches (Babel, 2014). In the United States, several 

BIM 

Analysis 

Documentati 
on 

Construction 

Logistics 

Operation 

Renovation 

Preliminary  
Design 

Detailed  
Design 



   8  

organizations, including the Sacramento Bee have gained UAVs for news-gathering (Babel, 2014). 

Contractors and engineers are exploring the technology around the country. One of such examples is the 

collaboration between Engineering firm Wilson & Co, and Kansas State University to build and fly a UAV 

for surveying and mapping a landfill near Manhattan, Kansas (Babel, 2014). In the past few years, UAVs 

was used for commercial in Australia, Japan, and the United Kingdom for agricultural purposes. 

Regulations in Australia require commercial UAV operators to show their ability to fly the vehicle, and 

each must meet minimum standards set by the United Nations Aviation Body (Babel, 2014). So far, there 

has been no records of any major accident with the use of commercial UAV in over 10 years of operation 

in Australia. In the United States, where there are no federal legislative rules, there is a distinction between 

recreational use and commercial use of the vehicles. The Federal Aviation Administration (FAA) permits 

recreational use of UAVs (Babel, 2014). They stipulate that the required weight of UAVs must not be above 

55 pounds (Ca. 25 kg), and should not fly higher than 400 feet (0.12 km) above the ground or interfere 

with regular airplane traffic (Babel, 2014). If they operate the aircraft within five miles of an airport, the 

operator must contact airport staff.  

  

2.2.4 Application and Focus area of Drones in Construction   
  

Design phase Integration of the site’s reality into models  

  

Along with agriculture and aerial photography, construction is one of the main markets for Drone service 

providers (Dupont et al., 2017). There are available solutions for working outdoors, either depending on 

GPS or being flown by professional pilots. Their main purpose is to scan in 3D, the landscape of the 

construction site during construction or design phase. At the design phase, the aim is to integrate the site‘s 

landscape into the modeling software. It will then take landscape reality into account. At the construction 

phase, they can use Drones to provide a 3D bird’s-eye view of the site, allowing decisive surface or volume 

measurements. On the most sophisticated tool available until now is the clayco — skycatch partnership 

(Dupont et al., 2017). In relation to 3D-mapping of the site‘s landscape, they administer tools that are user 

friendly to measure and annotate the maps.  

  

Construction phase automation of construction tasks   

  

Drones to provide a timely bird’s-eye view of an environment or construction site. This ability had made 

drones the eyes of driverless dozers. Two private firms are competing to develop these integrated 

automation solutions: the Japanese equipment provided Komatsu along with the American UAV specialist 

skycatch and caterpillar associated with the French UAV provided redbird (Dupont et al., 2017). After 

announcing their partnership, Caterpillar highlighted that they were switching from being equipment 

providers to being productivity provider. The expected added-value of drones is to provide a live update 

of the terrain data. It then uses this processed data to provide accurate directions to autonomous dozers 

in performing leveling tasks. This process requires time-consuming data collection at each stage of the 

project, reducing both the accuracy and the flexibility of the system purposes (Dupont et al., 2017). It will 

require scaling up to keep up with industrial developments.  

 

Construction phase performing autonomous and regular monitoring  

  

This part is a normal routine for resident engineers. They do it with the use of schedules, spreadsheets, 

photographs, or varied types of forms. They collect data by the project leader, field engineers or 

thirdparties surveyors, although the collected data are not integrated into a global management tool. 
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There are ongoing research projects to discover how to identify a favorable way to bring this data together. 

Using the BIM model as a platform to link all the data together appears to be the best solution (Dupont et 

al., 2017). Some literature review that the use of BIM is limited after the reconstruction stage. It also 

highlights the great adversity to create metrics quantifying the added-value of a 4D-BIM at the 

construction stage, and the research field will require further research. Dupont et al. (2017) implemented 

a framework connecting the site as-built 3D model, schedule and legal documents to a BIM model. 

Specifically, regular 3D-scanning of the construction site performed with the use of the ground station and 

later integrated into a BIM commercial software. Collecting data requires compelling human action and 

which is critical for a real situation. This is where drones come in. Instead of installing the 3D laser scanner 

on a tripod, like in Dupont et al. (2017), it could be installed on a drone flying autonomously into the 

construction site. The aim of the automation is to be flexible in the scheduling of the analyses, complete 

data collection along with time-saved for the site's team. They have done intensive research in 3D mapping 

on UAV using either laser scanning or visual input Dupont et al. (2017). The most common technical 

challenge is data processing I have presented the above section. Apart from the challenge of both 

processing the sensors’ data into a suitable data type and integrating this data into a user-friendly BIM 

interface, there is a possibility to categorize different several levels of usage of such a technology. They can 

point two different aspects out, and they include the built-elements themselves, the temporary elements 

and machinery. One potential use of drone-based autonomous monitoring would be to monitor the as-

built components which, is likely the easiest one as because they have stored information in the BIM 

model.  

  

Exploitation phase improvement in decision-making tools  

  

A drone can take videos and photographs of sites that are hazardous and impossible for humans to reach. 

This is applicable when discussing large infrastructure monitoring like bridges or dams. Traditional 

monitoring depends on costly and time-consuming visual inspection, requiring the installation of special 

equipment such as scaffolding, mobile crane. Academics are already working in this area (Dupont et al., 

2017). Industrial and drone service providers are also developing their own technologies and marketing 

them to contractors or building owners (Dupont et al., 2017). Though the service is now accessible. Several 

areas of improvement identified include, the drone is ever autonomous and relies on the skilled pilot; the 

system relies on GPS to assist the pilot, automated crack detection is still to be improved (Dupont et al., 

2017).  

  

3 Research Method  
  

This section begins with a case description i.e. the planning phase of building stages and the choice of 

method. It will further describe my perspective of this research. They will provide a motivation for data 

collection followed by data analysis and ethical consideration to end this chapter.  

  
3.1 Case Description: The Swedish construction industry   
  

The Swedish construction industry is premeditated to be an engine in the nation‘s economy. It is a wide 

mature industry with several important links to the rest of the economy such as private costs for housing 

and business investments. The industry distinguished by interdisciplinary fragmented, temporary project 

organizations process discontinuities and unique projects. These make construction project performance 

dependent on efficient communication partnership and successful integration of a large group of 

competencies. Despite this, communication collaboration and competence integration are areas not 
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getting enough strategic attention from practice. In fact, in many of the efforts in the construction industry 

today communication collaboration and competence integration have reduced to a secondary issue in 

favor of rationalizing the physical design and production processes as if effective communication practices 

and technologies taken for granted (Gustavsson et al., 2012). In the past few years, the construction 

industry has paid attention and invested major resources in IT-tools like Building Information Modeling 

(BIM) tools, to support the work of construction management organizations. However, the significant 

number of firms that are exploring this technology is low especially those involved in large construction 

projects. For instance, only three construction firms in Sweden are using BIM for various purposes such 

as verification of data and safety. These firms have thousands of employees across various sectors and are 

among the top five in the industry. Thus, there will be a back-and-forth communication related to data 

sharing using IT related tools. When communication, collaboration and integration are discussed and 

managed in construction projects, it comprises technical aspects of information handling, such as 

modeling, classification, and standardization and there is a lack of studies on IT-tools in construction 

projects from an organizational perspective (Gustavsson et al., 2012). This makes it difficult for other firms 

with less technical personnel to explore BIM, or IT related tools to address challenges in the planning 

phase. The planning phase of the construction process is the first and most crucial phase in the building 

stages. The stages consist of getting the right design, getting the right people, contracts, insurance, and 

planning for health and safety. Every building project is different, but you still need to tick off essential 

stages to make it a success (Ministry of Business, 2018). Although there are other phases of the building 

life cycle like the construction and operational phases. This study will focus only on the planning phase 

which is the only phase at the moment they explore BIM. The inability of the municipalities to manage 

detailed plans within a reasonable period during the planning phase is the major challenge in the planning 

phase (Caesar, 2016). This is because of the unreasonable time spent on collecting data for construction 

sites or projects.  

  

 3.2 Choice of method  
  

The aim of the research is to investigate how organizations can improve BIM workflow with the use of 

drones. To conduct this study, the author used a qualitative interview combined with a literature study to 

collect and analyze data. In qualitative research, it is the role of the researcher to interpret and make 

meaningful meaning of collected data from a sample selected by most likely using a non- random sampling 

method to have an in-depth understanding about the studied phenomenon. Which also implies that 

interpretivism relates with qualitative research (Saunders et al., 2016; Zikmund et al., 2010). Zikmund et 

al. (2010) further argue that qualitative research is more unstructured than quantitative research because 

there are no standardized answers but the researcher has to create meaning from answers with less 

structure and transform those meanings into information. Creswell (2003) states that qualitative research 

is useful when there has been much research on a concept where the researcher does not know the 

important variables to examine, or where the existing theories do not apply with the population being 

studied. This also makes qualitative research suitable for this study since it aims at improving the overall 

workflow of BIM with the use of emerging digital technology such as drones in construction.  

  

3.3 Data Collection and Sampling  
  

The research inquiry relied upon qualitative approaches through semi-structured interviews given my 

interest in how firms can leverage how emerging digital technologies. Doody et al. (2013) claim that semi-

structured interviews are the most common type of interviews in qualitative research. Bryman(2015) claim 

it concerns qualitative research with the generation of theories while quantitative research focuses on 
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testing theories, especially when exploring the role of BIM and drones. Since, the aim of this thesis was to 

enhance the overall work-flow of BIM usage in the planning phase. The criteria for choosing project 

managers and others on their experience in the IT and knowledge of digital technologies in the industry. 

Identifying these participants done through their respective business web pages and recommendations 

from other staff within their organizations. A total number of seven participants for this study, of which 

three are project managers, technical specialist, project director, real-estate manager and 

communications manager. I chose all participants from three different construction firms.  

  

Case  Respondent  Role  Sex  Duration  

Competitive 

Organization  

CO1  

  

CO2  

  

Co3  

project manager  

  

technical 

specialist  

  

communication 

manager  

male  

  

male  

  

female  

55:00  

  

45:00  

  

65:00  

Emerging 

Organization  EO1 EO2  
project director 

project manager  

male 

male  

50:00  

60:00  

Transformative 

organization  
TO1  

  

TO2  

real estate 

manager  

  

project manager  

male  

  

male  

45:00  

  

75:00  

   

                                               Table 2: Overview of respondents and duration on each interview.   

  

3.4 Data analysis  
  

This study used the thematic analysis method to analyze the collected data from all participants, because 

it is conceivably the most influential approach in the social sciences at least that offers such a clear, flexible, 

convenient, and usable framework for doing a thematic analysis (Braun et al., 2016). The current study 

comprises of multiple data sets from different participants (i.e., project managers, technical specialist, and 

other stakeholders) collected using semi-structured interviews. This was essential to encompass a 

vigorous method that could be implemented across. Thus, thematic analysis was chosen, since it does not 

discriminate between data sets, and allows for analysis across the entire data corpus (Clark & Braun, 

2014). It should also be noted that the choice of data collection and sampling (see 3.3 Data collection and 

sampling) being segmented in nature, seems to be a great fit for thematic analysis because it prioritizes 

the data relevance and does not put too much weight on theory while still being not being detached (ibid, 

p. 5-8), thereby allowing for a deductive approach in the data interpretation in relation to theory, and 

descriptive method in analysis of data using a semantic approach (ibid, p. 8-13). According to Braun & 

Clarke (2006), the analysis itself comprises six different steps i.e. Familiarization with data, generating 

initial codes, searching, reviewing, defining and naming themes. Iterative reading through transcribing, 

taking notes and generating codes for each interesting data extracted. Before trimming the code after 
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multiple reviews and sorting them into categories to create themes, but collapsed (if too similar) or 

separated (if no similarity) and reviewed into three themes with five subcategories composing each 

respective theme. To access the internal validity of this study and trustworthiness, the themes validated 

through triangulation which encompasses the verification of a certain theme through different data items 

(i.e. notes, extracts, and memos) from different data sets of the entire data corpus (Baskarada, 2013).  

  

3.5 Ethical Consideration and Limitations   
  
As part of privacy, respect for anonymity and confidentiality, this study will not provide any personal 

details of all respondents each respondent will remain anonymous. This is because, researchers need to 

negotiate factors such as access to respondent privacy, and consent by giving them accurate and clear 

information on the study objectives and purposes and how the findings will be used (Richie & Lewis 2003). 

These factors considered by informing all the respondents about the study objectives and getting their 

consent for recording the interviews. I considered few limitations during this study. First, the lack of 

related research on this topic as most prior research has been focusing on BIM practices and use in various 

parts of constructions with less emphasis on how to improve the overall workflow of BIM since it has 

gained a lot of acceptance in the industry. Secondly, the process of finding respondents from smaller firms 

was difficult because most of these firms do not see the importance in gaining competitive advantages and 

the need to implement new digital technologies for construction works which they assumed that new 

technologies should only be relevant for bigger firms which are risky because many things are about to 

transform the industry in the next coming years and it is very crucial to take a proactive approach towards 

this transformation than a reactive approach. In addition, the lack of IT skilled IT personnel is also a big 

challenge since most of these construction firms do not have a reasonable number of skilled staff with 

knowledge on how to use emerging digital technologies for construction works. Finally, additional cost for 

training may hinder firms from adopting the BIM-Drones solution.  

    

4 Results   
  

The research results presented in this thesis will begin with a discussion based on the two concepts shown 

in the method section. Presenting the findings from the interviews under the various conceptual themes 

created from the analysis. The study associates three themes with organizational change forces: 

technological factor, the economic factor, and change resistance. In addition, two themes related to 

emerging digital technologies: exploring new technology and lack of personnel.  

          
  

4.1 Organizational Change Forces  
  
4.1.1. Technological factor   

  

One of the main driving forces and external factor for organizational change is the technology factor. The 

advancement of technology has been happening since the beginning of human history. From the 

traditional ways of sharing information through letter writing to electronic ways through emailing and file 

systems, etc. Every day different organizations develop new ways of doing business to compete or stay 

relevant in the market. This competitiveness is driving the rate of advancement rapidly each year. 

Respondents (CO1, EO1 & TO1) highlighted that:  
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 “Technological change has been the main driving force for us in the last couple of years everything is 

changing because of this and to top it all stakeholders are not running away from these changes instead 

they want everyone to embrace it with ease. It is not an easy thing to do, but we have to get everyone on 

board” (CO1).  

  

“It’s changing everything in the industry we need to accept it and find a way out. We are curious about 

how we can successfully implement this change" (EO1).  

  

“Too much disrupting at the moment, there would be more especially with new technologies coming up 

every day now, accepting this change is the key to everything"(TO1).  

  

 4.1.2. Economic factor  

  

As emerging technologies are introduced yearly in different markets, there will be a cost that comes with 

the implementation and use of these technologies. Therefore, many companies will continuously align 

their business objectives to incorporate these technologies. Technological resources are one of the most 

important economic factors, which refers to the use of emerging technologies within an organization. The 

economic factor is also crucial for survival but will require more investment for firms. Here is what 

Respondents (CO3, & EO1) had this to say:  

  

“Being a leading player in the construction industry is to create long-term value for its stakeholders, 

customers, employees, and suppliers. Therefore, we are focusing on these five areas of investment: 

Urbanization, Sustainability, Globalization, and Competition for talent and New Digital Technology" 

(CO3).   

  

“One of our visions is to become a global leader in the construction industry. We can’t achieve this if we 

do not invest heavily in R&D and training which means more investment for us but it is crucial to get 

everyone to accept this change at the moment, not everyone is open with the idea” (EO1).  

  

However, Respondent TO2 stated that  

“Our problem is not just about implementing new technologies or cost for training but how do we get 

our employees to use them? We have a workforce made up of traditional driven workers and not 

everyone can easily make use of these technologies. It still doesn’t stop us from investing, but we have to 

be careful about how we proceed with investment in new technologies” (TO2). 

 

 4.1.3. Change Resistance   

  

Change is inevitable and difficult to implement. The construction industry is one of the least digitized 

industries in the world today because of their resistance to change internally (Agarwal et al., 2016). 

Majority of construction workers are traditional workers i.e. people who know how things have been done 

over the years. Thus do not see the need for change. These groups of individuals perceive change has a 

threat and is very reluctant to embrace it. Here is what Respondents (TO2, & EO2) had this to say:  

  

This is our headache right now with new technology, not everyone, will use this technology especially 

among our traditional workers they are our restraining force since most of these guys have been with 

us for over 20 years. It is difficult to teach an old dog new ways of doing something new" (TO2).  
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 “There was a certain time we had few important workers on vacation, and we had to do something 

related to IT in one of our projects to test some few loopholes. We took almost all day, and yet we still 

could achieve nothing that day. It could have been possible if we had our IT experienced guys on site" 

(EO2).  

  

” However, Respondent CO1 stated that   

“We have achieved positive results in terms of how our employees perceive change especially our older 

workers. It amazes them how technology is helping them to accomplish a daily task quickly. Although 

the numbers of these sets of people are small hoping one day, we will have a larger number of older 

workers using new technologies for their respective tasks” (CO1).   

    

4.2 Emerging Digital Technologies  
  
4.2.1. Exploring new technology  

  

Exploring areas where new technology can improve business processes is very helpful and useful in terms 

of productivity growth. BIM is the top digital technology in the construction industry, and many 

contractors believe this technology will improve construction works especially with timesaving.  

Regarding BIM respondents (CO1 and EO1) had this to say:  

  

“Yes, with large projects we used BIM to facilitate quality communication throughout the process. Close 

cooperation is a prerequisite for being able to work with a successful overall contract. The outcome has 

been impressive, and we are exploring other areas to apply it. Although every project is different, and 

we cannot use new technologies for a project that does not demand it, especially on smaller ones" (CO1).  

  

“To give a better understanding of the final product and the complexity of the construction process, we 

take the BIM model to our visualization center and look at it with the customer and most times, the end 

customer. Together, we can make adjustments early and immediately see the effects. It creates 

transparency. The outcome was amazing, it provided us with a new way of drawing final conclusions 

on projects" (EO1).  

  

Respondent TO1 had this to say:  

  

“At the moment, we haven’t used BIM in any of our projects, but we will as from 2019 hopefully, if 

everything goes as planned” (TO1).       

              

As earlier stated in the report, BIM would address productive issues but to achieve this, a 

complementary technology such as Drones will be useful. Respondent CO2 had this to say:  

              

“We are using drones for site inspection and visualization backup. There is more we can do with it, but 

we will get there” (CO2).  

  

The respondent (EO1 & TO2) had this to say:  

  

“Yes, we have heard of drones and its potential in the industry which is interesting. At the moment, we 

don’t know or in what capacity it will apply to us” (EO1).  
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“Personally, I have heard of drones but how can we use it right now I really don’t know yet” (TO2). 

        

4.2.2. Lack of Personnel  

              

New technologies require that people should have the knowledge of how it works to achieve maximum 

satisfaction. The construction industry is one of the few industries with old traditional workers who are 

used to the traditional ways of accomplishing a work which make it difficult for firms to find the right staff 

to use new technologies efficiently. Respondents (CO2 & TO2) had this to say:  

              

“We have been on a major cross-road in with change, our workforce has a few young people who are 

not technologically gifted and to tackle this we need to align our business objectives which are not easy 

to do overnight”(CO2).  

  

”At the moment we are trying to get everyone on board with technological changes we are have achieved 

a little success with that we may have to consider external sources to meet up” (TO2).  

  

Some respondents claimed that technological changes had significantly transformed their organization in 

terms of revenue but are still short of personnel.CO2 had this to say:  

  

“Absolutely we experienced interesting turnover and return of investment through implementing new 

digital technologies the only problem right now is our inability to find the right workers due to the 

limited amount of staff that can handle these technologies. At the moment we have just two IT Specialist 

who have knowledge of BIM and just one drone Specialist, for a company with thousands of workers 

with several projects annually, we will definitely need more staff with knowledge in these areas 

especially in larger construction projects” (EO2).  

          

  

  

5 Discussion  
              

To accomplish the aim of the research through my efforts in this area, there are different variables 

organization can apply to succeed in leverage emerging digital technologies. The structure of this section 

includes two main parts namely; managing organizational change forces and improving organizational 

productivity with a BIM-Drones solution. To clarify the discussion on how each of those variables can play 

a key factor with implementing a BIM-Drones solution, which is the final goal of the research I will explain 

these phases in the next section.  

                  

5.1 Managing Organizational Change Forces  
              

Implementing new technology is difficult to realize if organizations do not manage the forces of change. 

This study will explain how a depicted model for change and other factors can help organizations manage 

change. A depicted model (See Figure 2) for change will help manage the two major forces for change. The 

vertical lines in the model signify the strength of a force (i.e. driving or restraining) that is occurring. At a 

certain point in time, the organization shows a balance of forces upholding and at variance on the system. 

Hence, the forces are in a state of relative equilibrium, and it will continue until it brings in the change. 

Whenever a change is about to happen such as introducing new technology if driving forces subdues 

restraining forces change is implemented, but if restraining forces subdues driving force change may be 
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postponed. Watkins & Lundberg (1998) added that, in a situation where both the forces are influential, 

firms will push the driving forces and make them subdues the restraining forces. This makes the social 

system remain in a state of equilibrium for the rough balance between driving forces and restraining 

forces. In this state, the system may fluctuate within some set of narrow limits, but attempts (i.e. driving 

forces) to move beyond these limits trigger rapid increases in restraining forces. For instance, when 

construction firms want to increase productivity for which workers have to use a BIM- Drone solution for 

construction works, but restraining forces are more powerful than driving forces. Construction workers 

refused to use this technology because of the assumption that the technology might be too advance. Here, 

firms remain in the state of the existing equilibrium. It shows this situation on the left-hand side of the 

model left to the point of occurrence of the change. When firms impose change, they have to decrease the 

restraining forces or increase the driving forces or leverage the two together. The dot where driving forces 

(i.e. emerging digital technologies) subdues restraining forces is known as the point of occurrence of the 

change. This will help make change easy to accept and its unification into existing business processes.     

                                   

 

                                                        Figure 2: A depicted model of change (Tanuja, 2018).  

 

Construction firms must bury the perception that every project is different because it is impossible to 

propose and scale new concepts or adopt new digital technology without compromising the outcome of 

projects. All stakeholders’ i.e. project managers, contractors, developers and consultants proficient in 

managing and embracing change. Change is constant in every angle of technology and learning how to 

manage change is important for the successful delivery of construction projects. BIM-Drones solution will 

assist construction firms with effective change management. Firms will require project groups that 

possess digital competencies. Recreating a business environment or business model to incline is not so 

easy, but it is achievable by recruiting skilled professionals and seeking an external relationship with 

external partners such as having a collaborative partnership with the school of Engineering at Jonkoping 

University where a two-years master’s program recently introduced that will offer specialization in BIM, 

and BIM Alliance Sweden a nonprofit organization working for a better built environment by maintaining 

seamless information flows in the design, construction and maintenance processes (Bimalliance, 2018). 

Government role in achieving this change is crucial which is why “Bygginnovationen” formed to develop 

a strong and sustainable innovation environment for the Swedish social housing sector. This will 
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contribute to an increment in productivity and efficiency in Swedish construction firms. When 

organizations have shown the need for change in their work environment and structured out a well-

planned on how this change can be managed and sustain, then implementation of new emerging digital 

technologies such as a BIM-Drones solution will be an easy fix and welcome by all employees in the 

organization.  

            

5.2 Improving Organization Productivity with BIM-Drones Solution.  

              

The digital transformation is creating a lot of changes in several industries today through the use of 

different digital technologies. Despite these transformational changes the construction industry is still 

very slow in adopting the changes digital technologies are creating in other industry, making the industry 

to be one of the least digitized industries in the world today. For instance, several constructions work such 

as a mixture of cement, and taking measurement of woods are manually done with little or no use of IT 

related tools. Many construction workers consider the manual process of work to be easier and less 

complicated than using IT related tools which can save an enormous amount of time thus embracing 

digital technologies is not of great importance because work can still be done. In the last decade, the 

productivity gap between manufacturing workers and construction workers increased by 70% (Dupont et 

al., 2017). Projects are getting more complex in several constructions projects today which has created a 

low productivity growth in the industry. Peace (2018) claim that our analysis shows that large projects 

across asset classes typically take 20% longer to finish than scheduled and are over 80%. Several analysts 

have highlighted those first movers of digital technologies within the construction as a sign of the deep 

impact IT can have on the efficiency with which assets are designed, built, operated, and managed over 

their life cycle. They cite studies that show digital technologies have reduced costs and schedule overruns 

by 10 to 15% (Peace, 2018).  

  

As with several construction firms in Germany, USA, and Japan, it is not surprising to see how much they 

are embracing the potentials of drones to support BIM workflow. Drones can undertake the following 

tasks to enhance the overall workflow of BIM. Land survey information is very crucial before constructions 

begin as architects and planners are making their initial designs and the traditional ground method of the 

survey takes two-three weeks before data can be collected accurately. Drones will provide a rapid solution 

to gathering an all-inclusive overview of the site and identify challenges before they become issues farther 

into the project. At the start of the building structures, it is very important to ensure that each stage is 

documented and photographed. This is apparently finite when using feet-on-the-ground construction 

workers to capture images that won’t make for the most accurate reports. In this process, drones will 

provide construction firms the ability to capture a collection of high-quality aerial imagery together with 

video footage to aid documentation. Undoubtedly BIM will provide clients better visualization of the 

building or construction projects than the older 2D representation because there is a higher density 

knowledge captured and layered in it. However, with drones capturing reality and transferring it to the 

desktop to manipulate in different ways we make the collection of data faster. This is only attainable 

because the survey captures millions of points of data in comparison with the traditional methods which 

can only capture a few thousand. The light detecting sensors seated on drones will offer real-time point 

cloud data for factual creating an update of BIMs. It can apply to different Autodesk programs, Inventor, 

Revit, and AutoCAD. This centralized pile of information will allow project managers and external 

stakeholders to access any data they need.  

  

Since they can get data collection from both internal and external sources, the survey workflow would 

need to make use of a multi-thread approach to provide an economic solution to BIM. For instance, they 
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can use the use of terrestrial scanning to capture the inside of a building capture photogrammetry it can 

process which to provide data on the external and of the surrounding location. Using mobile laser scanning 

can help to capture engineering grade information about roads that are accessible. Integrating these pieces 

of information from various sources enables a complete representation of a building it can use which for 

different purposes such as redesign, visualization of both inside and outside for prospective clients or 

customers historical record. We can use drones even after the building projects is complete especially since 

there are a lot of checks and evaluations needed to ensure that the building is structurally sound. This can 

be in the form of aerial photography to ensure that everything is perfectly fine. Construction site 

introduction for hazardous areas can occasionally tire it comprises talk in meetings, recorded video and 

site cabins. Using drones to fly over these areas can display new site laborers health and safety risks in 

real-time, allowing project managers to test moving cranes, vehicles and active mining areas. Accidents 

and injuries are the most important factor that managers consider during construction, and using of 

drones will improve the overall safety off on a construction site.  

  

The biggest timesaving in construction projects come from data collection. Therefore, having an integrated 

technology such as a BIM-Drones solution would speed up the collection and verification of data which 

can be time consuming to achieve using traditional methods. Different applications can leverage on the 

UAV (drones) platform throughout a building life cycle (i.e. design phases, construction phase, and 

operations phase) (See Appendix C).  

  

6 Conclusion and future research   
  

The aim of this thesis was to investigate how construction firms can leverage digital technologies by 

exploring the roles of drones. This study presented an integrated BIM-Drones solution that could address 

challenges at the planning phase of the construction process. To answer the research question, I carried 

an empirical study across three construction firms. The main contribution of this study shows the 

importance of leveraging a BIM-Drones solution for the smart integration of data into the existing BIM 

software for verification, improved security and accurate surveillance of construction sites or buildings. 

This study shows avenues for future research, such as exploring a BIM-Drones solution in other parts of 

the building stages like the construction and operations phases. Implementing the BIM-Drones solution 

is one of the main lenses considered in this study. However to achieve this, construction firms must 

manage both restraining and driving forces effectively otherwise it will be impossible to adapt to these 

changes a BIM-Drones solution would create in the work environment.  
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Introductory questions  

• Can you introduce yourself and your role in the company?  

• How long have you been in this role?  

• Can you present your business briefly? 

 Company structure and strategy  

• When did you enter the construction industry?  

• Are you privately owned or listed on the stock exchange?  

• What kind of business relationship do you have in Sweden? Distributor 

                    How many?  

• How do you make sure that a distributor works according to your expectations? 

                Subsidiary: How many employees? Other?  

• How much does the company invest in innovation (i.e. R&D, Cloud services, and  

Technology)? 

  

General questions about operations in Sweden  

• What are the three biggest challenges in the construction industry in Scandinavia?  

• What are the main challenges your company is facing right now.  

Organizational change  

• Do you think technology is changing your work environment? If yes, in what areas?  

• How do you think everyone in the work environment would perceive this change?  

• Are there forces preventing this change from happening? If yes, please state them.  

• Do you think change is necessary in order for the industry to meet with other industries?  

Questions on digital technology  

• Does the company use BIM? If yes, when did you use it?  

• What characteristics of BIM do you use in the construction project?  

• Do you use BIM during the entire building life cycle or planning phase?  

• Do you use 3D laser scan link to BIM?  

• Who uses the BIM database? (For example, customers, subcontractors, site manager, project 

manager).  

• Which subcontractors use BIM? 8 Do they have their own database?  

• Do you have an adequate amount of employees who know how to use this technology?  
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Appendix B: Example of Force Field Analysis    

                              

  

 

                                                                 Force Field Analysis (Mpsguide, 2018).  
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 Appendix C: Suggested BIM-Drones Solution          
      

Task  Site survey  Progress 
monitoring  

Equipment 
& material 
tracking  

Constructing  Facility  
management  

User’s need  *Perform accurate and 
suitable design to 
reduce extra-costs  
  
*Communicate on a 
project during pre-bid  

*Stick to the 
schedule  
  
*Keep accurate 
logging of the 
operations for 
potential claims  

*Optimize 
the use of 
resources  
  
*Reduce time 
spent on 
inventory  

*Construct 
faster & 
cheaper 
reducing the 
workforce’s 
risk exposure  

*Monitor 
existing  
facilities  

Existing 
solutions  

*Qualitative visual 
survey(with 
photographs)  
  
*Manual attitude 
measurement(with 
theodolite)  

*Sites 
reports(with 
discrete 
measurements, 
drawings, 
photographs)  
  
*Gantt 
schedules  

*Manual 
login(with or 
without 
barcodes or 
RFID)  

*Few robots 
being used on 
site  

*Human visual 
inspection 
using when 
required 
elevation 
device  

UAVs added 
value  

*Exhaustive numerical 
model  

*Autonomous & 
regular 3D-data 
collection  
  
*Ready to use 
dense maps 
(with volumes 
and 
photographs  

*Autonomous 
inventory 
tasks  

*Bird-eye view 
for other 
robots  
  
*Access to 
places humans 
can hardly go  

*Fast and easy 
access to most 
places  

Existing 
achievements  

*Autonomous outdoor 
survey (with GPS)  
  
*User interface for 
measurements(volumes 
& areas)  

*3D mapping 
based on laser   
  
*Indoor 
autonomous 
flight in 
academic test 
beds  
  
*Some interface 

between 
collected data 

schedule & 
designed 3D 

models 

*Autonomous 
navigation 
for RFID 
tracking and 
logging  

*Autonomous 
dozer UAV 
partnership  

*Video capture 
and 3D 
reconstruction  
  
*Outdoor 
autonomous  
flight  

Gaps to be 
filled  

*Reduce GPS-reliance 
for indoor survey  
  
*Develop an interface 
between 3D data and 
AEC modeling 
software(BIM)  

*Improve  
reliability of  
autonomous  
indoor flight  
  
*Develop 
computationally  
realist solution 
for onboard 
dense mapping  
  
*Create an 
automated 
interface 
between  
collected data, 
schedule & 
models  
  

*Create a pull 
effect 
upstream of 
the value 
chain to 
generalize 
usage of 
RFID tags  
  
*Improve 
integration of 
the sensor 
data into 
decision-
making tools  

*New use 
cases need to 
found  

*Improve 
autonomous  
flight ability to 
allow access to 
a congested 
area  

                                                    
                                             Applications leveraging Drones (Dupont et al., 2017).  
  


