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Abstract 

Drone-based surveying using laser scanning with LIDAR has been routinely used in heavy construction to produce 

high-quality topographical data with increased grid/mesh density when compared to traditional surveying.  Differences 

between pre-construction conditions and post-construction topographical scans thus provides a basis for identifying 

the work performed, measuring progress and managing progress payments. The technique has demonstrated cost-

effectiveness with less physical effort and less time becoming the go-to technology on large unit-price heavy 

construction projects.  The approach is not routinely used on smaller projects partially due to the cost of acquiring the 

technology or outsourced services.   Alternative technologies are desired which could benefit smaller and potentially 

more diverse construction activities.   One promising approach involves using reality capture based on high-resolution 

imagery.  This approach processes a cloud of geolocated imagery to develop virtual models which can then be 

integrated and analyzed through a BIM platform. Drones-based imagery through off-the shelf unmanned autonomous 

vehicles (UAV’s) provide the ideal input for this reality capture techniques.  The reliability of the resulting models is 

unknown, however, and research was performed to identify the reliability of the technique to determine on-site 

volumetric and area quantities.  Various off-the-shelf UAV’s (drones) were evaluated and statistical techniques were 

employed to quantify the reliability of the resulting models.  Regression was used to extract data obtained through 

systematic trials to site-level applications. Results are presented and future directions are outlined and discussed.  
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1. Introduction 

Quadcopter unmanned aerial vehicles (UAV’s or drones) are widely used among hobbyists around the globe.   

Within the professional communities, such drones have also found a place for surveying and construction applications.  

For surveying, drones coupled with LIDAR units provide high-speed accurate data collection which otherwise would 

be cumbersome to collect using traditional surveying methods.   In construction, drones are used to provide additional 

imagery throughout the life-cycle from concept through completion: imagery which can provide net benefit in the 

decision-making process.  Imagery captured through drones provides significant value in conceptual and preliminary 

http://2019.creative-construction-conference.com/proceedings/
https://doi.org/10.3311/CCC2019-042


Small, Hendricks and Woodacre/ Proceedings of the Creative Construction Conference (2019) 042 

https://doi.org/10.3311/CCC2019-042 

293 

design. Construction professionals can use imagery to layout construction sites and monitor job-site activity.  Likewise, 

owners can use likewise use the imagery for marketing and business development and drone-based imagery has proven 

to be highly effective in real estate development marketing and sales.    Drones have also found use for construction 

oversight and for inspection purposes by contractors, owners and consultants, and government regulators.  The use of 

drones as part of the construction delivery process has provided significant value and promises to become more 

commonplace as time progresses as the value of aerial imagery continues to increase.   It is expected that the aerial 

imagery, either through still photos or video, will be a standard and expected tool for documenting, communicating 

and recording current conditions with little expense.   

Using drones for imagery requires very little investment and there are no substantial barriers for entry into the 

marketplace as a user or an outsource provider.  Use of drones can begin with low-priced commercial off-the-shelf 

quadcopter drones which today provide sufficient photographic and video resolution and capture capabilities at high-

definition or 4K resolutions.  Software and programming enable make today’s drones very easy to fly and there is little 

learning curve necessary to become proficient.  Drone operation will require licensure in many areas but such licensure 

is not overly burdensome for small operations.    

While using drones for video and imagery is a low-cost endeavour, using drones for more sophisticated purposes, 

such as drone-based surveying, requires much higher-priced equipment.  For large projects, drones fitted with LIDAR 

can provide significant cost-savings despite the significantly higher cost of the drones and the associated equipment 

when compared with low-cost consumer drones.  For small projects, the use of such equipment may be or may be 

perceive to be cost prohibitive.  It is known that photogrammetry can be applied with good results and the technique 

is marketed by commercial entities and outsourced solution providers whom affirm the reliability and effectiveness.  

To capitalize upon this assertion, a research endeavour was undertaken with freshman-level undergraduate students in 

the construction engineering and management program at the University of Delaware.  The goal of this research was 

to explore the reliability of photogrammetry for quantity surveying and to provide a platform for freshman-level student 

to be exposed to research activities and the use of technology for construction purposes.   The result of this research 

effort are provided in this paper.  Known applications of drones will be summarized followed by a discussion of the 

research study and the results.  The examination will conclude with a discussion of opportunities for further research 

and application of drones to improve construction project delivery.   

2. Consumer and Commercial Drones Utilized  

Unmanned aerial vehicles (UAV’s) as mentioned are pervasive and are used in many different industries.  There 

are numerous manufacturers of UAV quad-copter drones and each drone has different advantages and disadvantages 

in term of range, flight time, carrying capacity and so on.  DJI drones have captured the majority of the consumer 

market and were chosen for the purposes of this study.   The drones used for this study are shown in Figure 1 and 

included DJI Sparks, Ryze Tello’s, and a DJI Phantom.  From a practical perspective, any drone with good 

photographic and videographic capabilities would be equally effective for the purposes of this research.   The DJI 

drones are all GPS guided while the Tello’s are camera guided.    Commercial drones with increased size, power and 

capabilities, are available in the marketplace.  These include DJI Matrice and Inspire drones which increase the 

capabilities and may be incorporated in future research efforts.  They were not required for the purposes of this 

research.  Likewise, fixed wing drones, which are particularly useful for highway projects were significant range is 

required, are beyond the scope of this study.   

3. Uses and Applications of Drones in Construction Practice and Research 

In order to get a better idea of how drones are being used in practice, a brief literature review was performed coupled 

with a search of drone providers web-marketing services for construction.   There are a wide variety of examples of 

aerial imagery for construction purposes such as the construction site shown in Figure 2A. There are numerous 

examples of drone imagery online for sites around the country.  Roof inspection has found a niche in construction 
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because of its obvious benefits to reduce risk and to give easier access.  Roof imagery is shown in Figure 2B with 

highlighted problem areas.  Roof areas can also be determined using photogrammetry, as marketed by several 

companies including dronedeploy.com.  Drone providers also provide inspection services using thermography and 

photogrammetry, such as is shown in Figure 2C and 2D.  New applications also continue to emerge and there are really 

exciting developments when AI is coupled together with drone imagery, such as the real-time pattern recognition 

capabilities shown in Figure 2E, which identifies vehicles and vehicle types in real time on-site.   

  

 

Figure 1: Drones used for the research study 

 

Figure 2: Typical drone imagery used for construction (source: globalvideohq.com, FLIR, workswell.com, accessed 4/15/2019) 

An information survey of sites identified revealed the following primary uses of drones for imagery, as previously 

presented and discussed in [1]: 

• Construction progress photography and development of promotional and marketing materials – This could be for 

documenting progress or static imagery could be “turned into a time-lapse video or GIF’ [2] 

• Preconstruction planning and evaluation visual surveying of site terrain – “Before ground is broken and after it is 

cleared, you can get a detailed aerial view of the proposed construction site to use for logistics and production 

planning.” [2] 

E 
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• Visual inspection and auditing – With line-of-sight consumer drones, video can be live-streamed allowing real-

time inspection of conditions on the job-site.  This could be used as an effective tool to evaluate construction 

conditions in hard to reach areas to ensure quality and successful completion/progress of activities.   

• Safety improvement – Drones can also be used to evaluate workers in hazardous areas removing the inspector 

from the hazardous area and providing frequent real-time feedback.  This can mitigate risks and cut costs [3]   

• Volumetric measurement – “using accurate aerial photogrammetry techniques, large areas (2D and 3D) can be 

measured to within CM accuracy. This can be accomplished quickly, cost effectively and with minimal disruption 

to the day to day workings of the site.” [4] 

• 3D Modelling – Drone based LIDAR can be used for developing digital terrain models and digital elevation 

models.  Photogrammetry can also be utilized and a study on commercial drone industry trends revealed significant 

increases in the use of drones to develop 3D models.  [5] 

 

Navigant, whom performed a survey on drone opportunities and uses within construction, identified progress 

evaluation, inspection, marketing and logistics/production planning as the highest potential applications. [6] Realized 

potential is lagging as the actual use of drones still has to catch up with market opportunities.   

A variety of research activity has been identified.  This includes research on visual inspection of civil infrastructure 

systems. [9]   The researchers found significant promise in the use of drones for concluded that drones, “for 

inexpensive, easy, and quick documentation [but] … that there are still numerous open problems for further research” 

[9].  Research has been performed on image processing and the use of drones for seismic risk assessment and post-

earthquake reconnaissance [10], for construction safety [11], for mapping and earthquake response [12], for visual 

inspection in a wide-variety of applications, for security and materials management [13], and for performing 

construction activities [14].  There are significant opportunities for advancing research on the application of drones 

building upon these and other research activities.    These opportunities increase exponentially when looking beyond 

the use of drones simply for visual documentation and the coupling of new technologies with more advanced and 

powerful drones could result in a paradigm shift in sectors of construction project delivery.     

4. Research Study 

As mentioned, LIDAR can be used to provide highly accurate topographical surveys which can then be used to 

identify quantities.  Alternative techniques using photogrammetry are also touted as reliable approaches for quantity 

surveying on construction sites and are routinely used to identify volumes of soils/spoil and areas of roof by numerous 

service providers.  This research was formulated to evaluate the effectiveness of using low-cost commercial off-the-

shelf drones to identify quantities in terms of reliability.   The research was structured not only to obtain results but 

also to involve freshman-level construction engineering students in research and to get them thinking of how to use 

common-place technology for construction benefit.  

The research began looking at the reliability of identifying the volume and the surface area of a known object.  The 

object chosen was a skylight on the University of Delaware campus at McKinley Plaza.  The skylight is shown in 

Figure 3a.  Drone imagery was captured using DJI sparks as the Tello imagery was not geolocated and thus could not 

be used for photogrammetry.  Geo-tagged and geo-located images were captured for multiple trials, which were then 

processed using Autodesk ReCap to “capture reality” and develop point-cloud imagery and a virtual model.  To 

develop this model, surfaces are dissected and stitched back together to form the 3D image.  Dissected imagery for the 

skylight is shown in Figure 3b while the ‘stitched’ 3D model is shown in Figure 3c.  The reflections on the glass panels 

are slightly distorted but the panels themselves are planar and not distorted as may be seen in the representation in 3b.     

The effectiveness of the reality capture software is a function of many different variables, including the number of 

pictures taken and the number of different perspectives, the resolution of the pictures, and so on.   The DJI spark shoots 

1080p video with a 12MP 4k CMOS 1/2.3” sensor.  The drone produces 3968 x 2976 resolution pictures with a 4:3 

aspect ratio.  The Phantom also provides this imagery with a 1” CMOS sensor, which would give better image quality.  

The study was conceptualized to compare results from Sparks and Phantoms to evaluate the impact of sensor size and 

image resolution; however, due to time constraints, only the Spark imagery was used.  This study thus evaluates the 

reliability with respect to the high-resolution 12MP imagery, which is a lower-bound of commercial drones expected 
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to be used for ReCap purposes.  The number of images taken and the perspectives of the images are also factors.  For 

the purposes of this study, images were taken around the entire object at multiple elevations.  Thirty trials images were 

used for development of each model in the trials to provide consistency and enough imagery to presumably develop a 

sufficiently accurate point cloud.    

 

The study began with examination of the McKinley skylight and successively reduced the size of the object to 

determine whether reliable results can be generated for smaller objects on a construction site.  With the case of the 

skylight, it was found that depending on the time of day and the orientation of the sun, reflections off the glass could 

trick the software into inaccurately assuming voids in the three-dimensional space.  In effect, a reflection could be 

interpreted as a tunnel progressing through the glass panels.  Imagery used for the trials was thus taken during periods 

were direct sunlight was not causing reflections.   Following the skylight, trials were performed on shipping boxes of 

decreasing size, such as those shown in Figure 4.   

Converting the imagery to point-clouds was a time-consuming process using educational licenses and 5 trials were 

performed for each object.  For the objects, the calculated volumes and surface areas are as shown in Table 1.  The 

skylight was 5 meters x 10 meters in plan area with a varying height from 2 to 4 meters nominally.  As-built dimensions 

differed from plan and actual field-surveyed values were utilized.   Measured dimensions of the boxes are shown in 

Table 1.   

Table 1: Skylight and Boxes - Actual Measurement 

Object Surface Area Volume Dimensions 

Skylight 202.3856 (sq. meters) 153.05472 (cu. meters) 5m x 10m x 2-4 m nominal 

Box 7 17,448 (sq. cm) 153,252 (cu. cm) 66cm x 54cm x 43cm 

Box 6 14,136 (sq. cm) 75,888 (cu. cm) 102cm x 31cm x 24cm 

Box 5 8582 (sq. cm) 47616 (cu. cm) 64cm x 31cm x 24cm 

Figure 3: McKinley skylight and ReCap representations 

A 

B C 
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Figure 4: Boxes used to evaluate quantities 

Figure 5: Trial values for the Skylight volume and surface area compared to actual values 

Figure 6: Trial values for the box volumes and surface areas compared to actual values 
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Table 2: Skylight and Boxes – Differences between the trials and the actual values 

Trial  Volumes Surface Areas 

 Skylight Box 7 Box 6 Box 5 Skylight Box 7 Box 6 Box 5 

1 -8.3% 24.2% 11.2% 92.8% -0.6% 24.1% 7.0% 54.4% 

2 6.9% -2.6% 6.7% 122.2% 14.2% 3.7% 2.0% 74.6% 

3 1.9% -5.7% 17.5% 88.2% 13.7% 1.3% 19.3% 52.7% 

4 7.1% 0.3% 3.5% 74.1% 17.6% 6.6% -0.6% 36.4% 

5 4.6% 3.2% 1.9% 79.5% 18.8% 9.3% 1.1% 49.4% 

Average 2.4% 3.9% 8.2% 91.4% 12.7% 9.0% 5.7% 53.5% 

 

5. Conclusions 

Unmanned autonomous vehicles (UAV’s), otherwise known as drones, are becoming increasingly common in 

construction and there are a wide variety of uses for the technology, which has been explored.  Research continues to 

expand the use of drones in the industry and one would expect to see more applications for drones emerge in the near 

future.  One such use is the application of drones to determine on-site quantities.  This is routinely done with LIDAR 

units and differential approaches communicating with base stations for increased survey accuracy.  This works well 

for large projects but there is also an opportunity to employ drones on small projects using photogrammetry.  This is 

being done by solution providers but is seldom employed by small contractors.  This research was initiated to explore 

the use of photogrammetry with low-cost commercial quadcopter drones.  A skylight element on campus was chosen 

due to its accessibility and known properties.  Trials were performed to determine the adequacy of photogrammetrically 

determine surface areas and volumes developed using Autodesk ReCap. Smaller volume objects were added to 

determine the adequacy of the approach for various size objects which may be found on a construction site.  When the 

overall volume of the object was under 75,000 cubic-centimetres, trial results were highly overestimated and 

unreliable.  Limited trials were performed and additional tests will be done in the future to develop more statistically 

reliable results. 
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