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Abstract

The use of Unmanned Aerial Systems (UAS), also known as drones is increasing in geospatial science curricula
within the United States. Within the Arthur Temple College of Forestry and Agriculture (ATCOFA) at Stephen F.
Austin State University, Texas, seniors in the geospatial science program complete capstone projects to evaluate
current geospatial technology to investigate complex ecological, social and environmental issues. Under the
umbrella of a student initiated and designed senior project, students designed a study to estimate height of
buildings with UAS data incorporating UAS data, LP360 and ArcScene programs, and Pictometry web-based
interface. Results from a statistical analysis of the data confirm that geospatial science height estimation
techniques can provide accurate estimates of height remotely. The independence of the students completing the
project with UAS data for LP360 and ArcScene estimations, and utilizing Pictometry as an on-onscreen
measuring tool, point to the need to integrate remote sensing, statistical analysis and synthesis of data into
undergraduate geospatial science curricula. This reinforces the hands-on learning approach within ATCOFA and
provides guidance to integrate the use of UAS in natural resource education.
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1. Introduction
1.1 Accurate Height Measurements

The use of Unmanned Aerial Systems (UAS) (also known as drones) is increasing in geospatial science curricula
for teaching, research and service. Within the Arthur Temple College of Forestry and Agriculture (ATCOFA) at
Stephen F. Austin State University, seniors in the geospatial science curriculum are required to complete a
capstone project to use the most current technology to investigate complex ecological, social and environmental
issues to create a viable product (Bullard et al., 2014). Often UASs are used to complete projects and produce
products across the natural resources and geospatial science curriculum. The use of a UAS to capture remotely
sensed images at the user’s discretion in natural resources add to the advantages in teaching and research (Unger,
Kulhavy, Hung, Zhang & Stephens Williams, 2019). Students are trained in the safe use of UAS by a team of
four geospatial science faculty members including safe operation, flying the UAS for individual images, video
and orthophoto missions using a four-step training process of UAS assembly, completing a controlled flight,
capturing imagery and videos, and synthesizing UAS information to quantify and qualify natural resource
missions (Unger, Kulhavy, Busch-Petersen & Hung, 2016; Unger, Kulhavy, Hung, Zhang & Stephens Williams,
2019). Once students are trained, they complete a self-designed project with the supervision of one of the faculty
members involving collecting and processing data.

During the training process, geospatial science majors are introduced to service-learning that includes reflection
on the importance of the remote sensing project in building a broader sense of civic responsibility (Bringle &
Hatcher, 1995, 2002), reinforcing the idea of working with partners to develop community relationships so each
partner has a voice and an essential role (Warren-Gordon, Hudson & Scott, 2020). Each student meets with
geospatial science firms using UAS in their operations, and UAS companies that produce products using UAS.
These representatives meet with the geospatial faculty to add input to their remote sensing projects. This
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information is added to coursework and the forestry curriculum as examples of the use of UAS in society (Unger,
Kulhavy, Hung, Zhang & Stephens Williams, 2019).

One project centered on the accuracy of building height measurements across a series of methods, including the
use of UAS. Building height accuracy is essential for geospatial science, natural resources and city planning and
can be obtained from a laser range finder or clinometer in the field, or remotely on a computer screen with
programs such as Google Earth Pro or Pictometry hyperspatial imagery. However, the accuracy of these methods
needs to be evaluated with each actual height measured with a measuring rod.

The accuracy of height estimates using a UAS, is an alternative depending on the internal GPS or/and internal
barometer onboard a drone that is user controlled (Khanna et al., 2015; Themistocleous, 2014; Unger, Kulhavy,
Busch-Petersen, & Hung, 2016). For accuracy with height measurements, landing the UAS DJI Phantom 3
between each flight increased the accuracy of the measurement even with the GPS turned off (Unger, Hung,
Kulhavy, Zhang, & Busch-Petersen, 2018). For heights with the DJI Phantom 3, the onboard barometer chip is
the main device for comparing ground level as zero and measurements above the ground. As the barometer
heights degrade overtime, it is necessary to land the UAS and reset the system (Unger, Hung, Kulhavy, Zhang &
Busch-Petersen, 2018). UAS can be flown in pre-determined flight patterns and orthomosaics developed in 2D
or 3D depending on the software (Kulhavy et al., 2017; Hung, Unger, Kulhavy & Zhang, 2019). Aerial 3D
building reconstruction with Pix4DCapture and Drone2Map software were used to create a building point cloud
(WuDunn, Zakhor, Touzani, & Granderson, 2020). WuDunn, Dunn, & Zakhor (2020) used a semantic
segmentation approach of 3D point clouds for a building reconstruction. Latha, NagaSundari, Cherukuei, &
Prasad (2019) found a 0.38 m difference for a 15 m high building using a UAS.

1.2 Pictometry Data

Pictometry is classified as hyperspatial resolution remotely sensed data with aerial images taken from four
cardinal directions and nadir allowing for 3D visualization of Earth’s surface features. Its subscription-based web
interface comes with measuring tools for the user to take measurements of length, area, and height on objects
identified on screen. Kulhavy, Unger, Hung & Douglass (2015) estimated building heights comparing Pictometry,
LiDAR and a laser range finder to measured building heights. Pictometry was not different from the laser range
finder, but was different from the LiDAR. Unger, Hung & Kulhavy (2014) assessed the accuracy of light poles
measured with Pictometry and found 1.77 to 2.39% error of the actual height. Kulhavy, Unger, Zhang, Bedford
and Hung (2016) found no difference in slope distance between Pictometry, total station and a tape measurement.
Unger, Kulhavy Williams, Creech, & Hung (2015) found a 0.99 linear correlation of baldcypress tree height
measured with Pictometry measured height and actual tree height.

1.3 Unmanned Aerial Systems (UAS)

UAS can provide accurate information on natural resource management and add to the accreditation curriculum
standards of the Society of American Foresters (SAF, 2016). One of the routines in UAS applications is to
generate orthomosaic imagery of a study area. Each aerial image taken by a UAS in a grid pattern comes with its
geographic coordinates. All of the images are processed together to produce a continuous coverage. Through
geographic positioning, edge matching, and photogrammetry, this orthorectify process generates not only a
mosaic image, but also a digital surface model, and a point cloud. This point cloud dataset can be viewed in a 3D
viewer to identify 3D objects and take measurements. Viegut, Kulhavy, Unger, Hung & Humphreys (2018)
indicated Pictometry and Google Earth Pro were more accurate than a DJI Phantom 4 Pro UAS for areal and
linear measurements. A DJI Phantom 4 Advanced UAS was integrated into undergraduate forestry instruction to
enhance learning of remotely-sensed spatial information (Unger, Hung, Zhang & Kulhavy, 2018). Kulhavy,
Unger, Hung & Zhang (2016) found no difference in visual assessment and UAS assessment of urban tree hazard
rating. Twice as many mistletoe plants were counted using the DJI Phantom 4 Pro UAS compared to ground
surveys (Kulhavy et al., 2019). UAS were integrated into service-learning for a capstone forestry course
(Kulhavy et al., 2017). UAS use is increasing in teaching, research and service across the curriculum and they
are an essential tool for natural-resource management decision-making (Unger, Kulhavy, Hung, Zhang &
Stephens Williams, 2019).

1.4 LP360 and ArcScene

LP360 is a LiDAR and point cloud processing software program for extracting information and deriving
products from point clouds in a standalone or in an ArcGIS environment. Unlike LiDAR, the point cloud dataset
derived from drone imagery does not have multiple returns. Those points are attained through photogrammetry
during the process of orthomosaicking and structure from motion (SFM). It does not capture features in 3D as
detailed as LiDAR point cloud due to UAS image resolution and computational capacity of desktop computers.
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However, when viewing the point cloud stored in the drone LAS file in a LP360 viewer, buildings can still be
identified and measured for height. Another program used for viewing the same point cloud is ArcScene, which
is part of ArcGIS Desktop. ArcScene allows for 3D visualization and editing. It can read a point cloud dataset in
native LAS format, requiring no data conversion. The LAS Dataset toolset in ArcScene has tools for point cloud
display by attributes, tools for filtering by classification, and tools for deriving output for slope, aspect, and
contour. The Measure Height tool in the Measure toolset was used for measuring building heights when viewing
the point cloud in 3D.

ArcScene can be used to create a 3D model (Gross and Kennelly, 2005). UAS can be flown in a programmed
flight to capture aerial imagery and produce an orthomosaic through a digital image processing program, such as
Drone2Map by ESRI, in a timely and cost effective procedure (Hung, Unger, Kulhavy, & Zhang, 2019). Viewing
the point cloud derived from UAS in LP360 and ArcScene, building height can be extracted and measured.

2. Methods

Within the geospatial science Landscape Modeling capstone course, a senior student designed a study to estimate
building heights with products derived from a DJI Phantom 3 Advanced UAS imagery. Following the
development of an orthomosaic of the Jim and Beth Kingham Children’s Garden at Stephen F. Austin State
University from aerial images taken at an altitude above ground of 380 feet with 80 percent endlap and 70
percent sidelap, a point cloud dataset in LAS format was also attained (Figure 1). The LAS dataset was viewed
in both LP360 and ArcScene for building identification and height measurement.

To assess the accuracy on height measurement, a total of 30 buildings were selected. Each was identified in
LP360 and ArcScene for height measurement. In addition, the same buildings were identified and measured in
Pictometry, which has been proved with satisfactory accuracy in measuring height. Finally, each building was
measured in situ using a height measuring rod to obtain actual height. By calculating the root mean square error
(RMSE) for each remote measurement approach, the accuracy was assessed and compared between the three,
LP360, ArcScene, and Pictometry. Furthermore, an analysis of variance (ANOVA) was conducted to determine if
there is significant difference on the mean absolute error among the three height measurement methods.

Figure 1. Drone derived orthophotomosaic of Jim and Beth Kingham Children’s Garden

3. Results

A total of 30 buildings were selected for comparing the accuracy of height measurement. Each building was
measured using the point cloud data collected by the drone viewed as a LAS dataset in LP360 and viewed in
ArcScene, respectively. Then the same buildings were measured in the Pictometry web interface (Figure 2). The
actual height of each building was also measured in the field using a height pole. Table 1 shows all of the
building heights measured in meters.
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Measurement error was calculated by comparing an on-screen height measurement to each actual height of the
building and summarized in Table 2. The distribution of height measurement errors is also displayed in Figure 3.
It was found that the errors from Pictometry were more clustered with the lowest standard deviation (0.0527 m)
compared to others. Errors from LP360 were the most spread out (SD = 0.1585 m) and showed an overall
tendency of overestimating the height (mean = 0.1280 m). For Pictometry, its lowest standard deviation and its
mean of errors being closest to zero (-0.0127 m) indicates that Pictometry is the most accurate in height
measurement comparing to others. This is also backed by the root mean square error (RMSE), where Pictometry
achieved the lowest (RMSE = 0.0534 m), while LP360 is the worst with its RMSE of 0.2017 m.

Distribution of height measurement errors
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Figure 3. Distribution of height measurement errors by method used

To determine if there is any statistically significant difference on the accuracy of height measurement between
the three methods, LP360, ArcScene, and Pictometry, an analysis of variance (ANOVA) was performed on the
absolute errors of the height measurement at the significant level of 0.05. The results are shown in Table 3 with
the mean absolute error for Pictometry being the lowest at 0.0460 m, followed by ArcScene 0.1247 m, and then
LP360 0.1693 m. The difference on the mean absolute error is significant with the p-value less than 0.0001. A
Tukey test followed and confirmed that the accuracy of Pictometry is significantly better than the others;
whereas there is no significant difference between LP360 and ArcScene.
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Table 1. Measured building heights by method used (Unit: meter)

Building LP360 ArcScene Pictometry Actual
1 8.97 8.82 8.65 8.64
2 1391 13.88 13.8 13.87
3 2.95 3.0 3.01 3.05
4 1391 14.15 14.14 14.11
5 1412 14.07 13.94 13.97
6 1422 1411 14.07 14.08
7 8.69 8.43 8.43 8.49
8 8.84 8.7 8.52 8.49
9 8.72 8.85 8.69 8.6
10 5.79 5.93 5.48 5.56
11 4.69 4.47 4.32 4.39
12 3.94 3.44 3.7 3.63
13 3.72 3.81 3.63 3.72
14 4.43 4.24 4.25 4.27
15 8.8 8.83 8.76 8.78
16 2.51 2.52 2.56 2.5
17 2.8 2.76 2.62 2.56
18 4.63 4.7 4,59 4.6
19 4.35 4,74 4,59 4.66
20 3.76 3.83 3.62 3.63
21 7.82 7.76 7.62 7.62
22 7.65 7.78 7.56 7.62
23 7.79 7.74 7.69 7.62
24 7.78 7.5 7.41 7.44
25 1.77 7.69 7.4 7.44
26 1.77 7.76 7.56 7.62
27 7.87 7.63 7.62 7.65
28 5.14 5.31 5.07 5.15
29 7.7 7.81 7.69 7.62
30 7.74 7.72 7.57 7.56
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Table 2. Errors of building height measurement by method used (Unit: meter)

Building LP360 ArcScene Pictometry
1 0.33 0.18 0.01

2 0.04 0.01 -0.07

3 -0.10 -0.05 -0.04
4 -0.20 0.04 0.03

5 0.15 0.10 -0.03

6 0.14 0.03 -0.01

7 0.20 -0.06 -0.06

8 0.35 0.21 0.03

9 0.12 0.25 0.09
10 0.23 0.37 -0.08
1 0.30 0.08 -0.07
12 0.31 -0.19 0.07
13 0.00 0.09 -0.09
14 0.16 -0.03 -0.02
15 0.02 0.05 -0.02
16 0.01 0.02 0.06
17 0.24 0.20 0.06
18 0.03 0.10 -0.01
19 -0.31  0.08 -0.07
20 0.13 0.20 -0.01
21 0.20 0.14 0.00
22 0.03 0.16 -0.06
23 0.17 0.12 0.07
24 0.34 0.06 -0.03
25 0.33 0.25 -0.04
26 0.15 0.14 -0.06
27 0.22 -0.02 -0.03
28 -0.01 0.16 -0.08
29 0.08 0.19 0.07
30 0.18 0.16 0.01
Average 0.1280 0.1013 -0.0127
SD 0.1585 0.1130 0.0527
RMSE  0.2017 0.1504 0.0534

Table 3. ANOVA and Tukey test on absolute building height measurement errors by method used (Unit: meter)

SUMMARY

Groups Count Sum Average Variance Tukey

Pictometry 30 1.38 0.0460 0.000756 A

LP360 30 5.08 0.1693 0.012413 B

ArcScene 30 3.74 0.1247 0.007315 B

ANOVA

Source of Variation SS df MS F P-value  F critical
Between Groups 0.233947 2 0.116973 17.13092 5.33E-07 3.101296
Within Groups 0.594053 87  0.006828

Total 0.828 89

4. Conclusions

The use of ArcScene and LAS 360 did not differ in building height estimation and were not statistically different.
However, ArcScene does have a RMSE of 1.50 m that is lower than that of LP360 (0.2017 m).with an average
error of 0.10 m for ArcScene and an average error of 0.13 m for LP360. These errors were primarily due to the
interprelation of the edge in the display error. As experience increases, the amount of error may decrease.
Pictometry hyperspatial imagery was accurate to with an RMSE of 0.0534 m with a demonstrating a reliable and
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consistent measure of building height as found with previous height investigations (Kulhavy, Unger, Hung &
Douglass, 2015).

The independence of students completing the project with a UAS by collecting data for LP360 and ArcScene and
utilizing Pictometry as an onscreen measuring tool points to the need to integrate remote sensing, statistical
analysis and synthesis of data into a comprehensive project (Bullard et al., 2014). The students demonstrated that
the four-step method of developing the project, implementing the project, analyzing the data and synthesizing the
information is essential in hands-on experiential learning (Unger et al., 2016). Collaborative learning for
high-impact practices of using UAS are essential in natural resource education (McBroom, Bullard, Kulhavy &
Unger, 2015).

This method of synthesis of information by undergraduate spatial science students applies to analysis for other
projects in remote sensing and demonstrates both the use of UAS in research and teaching and the applications
of ArcScene and LAS 360 in a novel way. UAS are important in service-learning to convey spatial data as an
adjunct to a senior capstone course in forestry (Kulhavy & Unger, 2016; Kulhavy et al., 2017). Partnerships for
both quantitative and qualitative analysis reinforce the service-learning principles (Bringle, Clayton & Price,
2012) leading to a more authentic hands-on experience. UAS is expanding in natural resource education and
research. Both safety and effective use of the UAS are essential in using high-end technology in an outdoor
environment to make a difference in natural resource education (Bullard et al., 2014; Bullard, 2015).
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