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Abstract 

Students under the direction of geospatial science faculty, 30 real-world distances were measured on the campus of 

Stephen F. Austin State University in the field with tape. Students were then instructed on how to measure all 30 

real-world features remotely using drone imagery, point cloud data, pictometry data and the Google Earth Pro online 

interface. Real-world measurements were compared to remote sensing measurements taken by the students to 

calculate the root mean square error (RMSE). In addition, an ANOVA was conducted on the absolute errors to 

determine the statistical significance of the variation among the remotely sensed methods, while a Tukey test was 

performed to assess the statistical significance between the methods. Students discovered that the RMSE results 

indicate that the pictometry measurements were the most accurate, with an RMSE of 0.68 meters, and that the point 

cloud data were the least accurate, with an RMSE of 1.27 meters. The ANOVA results indicate that there was a 

significant difference in the mean absolute error among the methods, whereas the point cloud data, with a mean 

absolute error of 1.0423 meters, were significantly less accurate than those of the other methods, which was 

confirmed by the Tukey test. 
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1. Introduction 

The focus of the geospatial science program within the Arthur Temple College of Forestry (ATCFA) at Stephen F. 

Austin State University (SFASU) is to train students on how to accurately quantify natural resources by cutting-edge 

geospatial science technology. The use of high spatial resolution data to measure real-world ground distance, which 

continues to advance within the broad geospatial science community, is a highly sought-after skill of employers in 

both civilian and government workforces. 

Students during a semester long geospatial science class were introduced to the utility of using high spatial resolution 

raster datasets available from drone imagery, point cloud data, pictometry data, and the Google Earth Pro online 

interface through the use of a faculty-led student-focused hands-on undergraduate research study. The ability to 

measure real-world distances remotely, in lieu of on-site measurements, continues to show promise as an alternative 

to physically measuring distance in the field. 

It is important that students in their educational endeavors understand the utility of each of these remotely sensed 

methods for measuring real-world ground distance. Distance measurements in the field can be time consuming and 

expensive. As an alternative, drone imagery, point cloud data, pictometry data, and the Google Earth Pro online 

interface may provide alternatives to in situ measurements. 

The lengths of 30 real-world features on the campus of the SFASU were measured by undergraduate students in the 

field with tape. Students were then instructed on how to measure corresponding distances remotely using drone 

imagery, point cloud data, pictometry data, and the Google Earth Pro online interface. The undergraduate students 

then compared the real-world measurements to the remotely sensed measurements for accuracy. 
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2. Background 

2.1 Real-World Surface Measurements 

The actual surface distance between two real-world locations is important for effective natural resource management 

activities. Knowing the real-world length of objects on the Earth’s surface is important for foresters or natural 

resource managers dealing with the management of the landscape and its surface features. For example, to create an 

effective management plan for a forest stand, knowing the real-world length of the sides of any forest stand is 

essential (Unger et al., 2013; Unger, 2014). Although real-world linear measurements can be measured in situ with 

tape, this approach can be time consuming and expensive for a large geographic area when a high number of 

real-world measurements are necessary (Unger et al., 2013; Unger, Kulhavy, Hung, & Zhang, 2014). 

With the continued advancement of geospatial science within the last decade, imagery acquired from user-controlled 

drones, point cloud data, pictometry data, and the Google Earth Pro online interface has continued to show promise 

as an alternative to in situ measurements. 

2.2 Measurements Using Drone Data 

As drones continue to advance and become more affordable and prevalent within forest and natural resource 

communities, real-world measurements continue to be obtained from georectified drone imagery. However, the 

following questions remain: are the measurements obtained from drone imagery as accurate as real-world ground 

measurements? The main advantage of using drone imagery to obtain real-world measurements is that on-screen 

drone image measurements allow for the most recent imagery available to be used, making drone imagery 

measurements more temporally consistent than any other remotely sensed digital data source. 

2.3 Measurements Using LiDAR Point Cloud Data 

Point cloud data from light detection and ranging (LiDAR) data have been used in aerial scanning for heights and 

elevations of landscape features, including trees (Maltamo, Hyyppa, & Malinen, 2006; Gatziolis, Fried, & Monleon, 

2010; Sibona et al. 2017). Trees in an urban environment were measured within 0.92 to 0.96 similarity, comparing 

LiDAR point cloud data to field height measurements (O’Beirne, 2012). Additionally, LiDAR has been integrated 

into height measurements in geospatial sciences coursework at the Arthur Temple College of Forestry and 

Agriculture (ATCFA) at SFASU. LiDAR point cloud data have been used to compare building heights with 

Pictometry hyperspatial imagery and a laser rangefinder; there was no difference in height between Pictometry and 

the laser rangefinder, but there was a significant difference between Pictometry and LiDAR point cloud data 

(Kulhavy, Unger, Hung, & Douglass, 2014). Point cloud measurements of heights from LiDAR data tended to be 

greater than actual heights, where the data source was from both UAV-LiDAR and aircraft LiDAR (Ganz, Kaber, & 

Adler, 2019). The intensity of the LiDAR dataset, collected at each point, is the strength of the laser pulse at that 

point based in part on the reflectivity of the object struck by the laser pulse. ArcGIS provides the ability to create 

intensity imagery from LiDAR data using the Create LAS Dataset geoprocessing tool to construct an LAS dataset. 

2.4 Measurements Using Pictometry Data 

The pictometry data used are hyperspatial resolution multispectral data available from Pictometry (Pictometry 

International Corporation, now merged with EagleView Technologies, Bothell, WA) in a web-based interface for 

linear measurements on the Earth’s surface. Pictometry data are acquired using low-flying aircraft to obtain 

individual images that are merged to create a georeferenced orthomosaic image allowing for the estimation of 

surface object dimensions within a matter of seconds through the Pictometry web-based interface (Dailey, 2008; 

Wang, Schultz, & Giuffrida, 2008). Pictometry data, which can be assessed through a user-friendly interface for a 

small fee based on spatial location specificity, can be used to measure the height, length, slope, and area of 

real-world objects on the Earth’s surface (Unger, Kulhavy, Williams, Creech, & Hung, 2015; Unger, Hung, & 

Kulhavy, 2014; Kulhavy, Unger, Hung, & Douglass, 2014; Kulhavy, Unger, Zhang, Bedford, & Hung 2016; Unger, 

Kulhavy, Hung, & Zhang, 2016; Unger, 2016). 

2.5 Measurements Using Google Earth Pro Data 

Google Earth Pro (Google, LLC, Mountain View, CA) is a free, internet-based platform that provides users with high 

spatial resolution remotely sensed data. It is accessible through internet connections and has no licensing 

requirements that other commercial applications may impose. Google Earth Pro provides a simple user-friendly 

easy-to-learn interface, creating a faster learning environment and facilitating its use for undergraduate students 

(Lisle, 2006; Hu et al., 2013; Patterson, 2007). Google Earth Pro imagery is acquired using multispectral cameras in 
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satellites to capture images that are used to create global georeferenced orthomosaic images available for users 

(Goodchild, 2008; Henley, Unger, Kulhavy, & Hung, 2016; Viegut, Kulhavy, Unger, Hung, & Humphreys, 2018). 

3. Methods 

3.1 Study Site 

The football stadium complex on the campus of Stephen F. Austin State University (SFASU) was chosen as the 

study site to evaluate the accuracy of distance measurements within corresponding drone imagery, point cloud data, 

pictometry data and the Google Earth Pro online interface (Figure 1). The SFASU football stadium was chosen 

because of its open space, its many clear ground markings and features and because it is easily accessible by the 

undergraduate students involved with this student focused hands-on study. In addition, distance can be easily 

measured on site, and the least distortion occurs in any remotely sensed image. 

 

Figure 1. Football stadium complex on the campus of Stephen F. Austin State University 

3.2 Real-World Measurements 

Thirty real-world linear features within the football stadium complex were chosen by the undergraduate students. 

The participants were stratified at multiple locations within the football stadium complex and at various angles 

relative to each other to ensure that corresponding remotely sensed measurements were not dependent on one 

cardinal direction. Once identified, the students measured the lengths of all real-world features in the field to 

hundreds of meters long using tape. 
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3.3 Remotely Sensed Drone Measurements 

Drone imagery of the SFASU football stadium complex was obtained using a DJI Phantom 4 Pro drone and flown by 

trained SFASU student drone pilots. The drone was flown to obtain images of the entire area using Pix4Dmapper 

software. Once obtained, the individual drone images were combined to create an orthophoto mosaic of the entire 

football stadium complex using Drone2Map software. The resulting orthophoto mosaic was uploaded into ArcMap 

software, where each corresponding real-world feature was identified and measured on-screen for length in meters 

(Figure 2). 

3.4 Remotely Sensed LiDAR Point Cloud Measurements 

A point cloud dataset was acquired in August 2017 using a small-footprint LiDAR system that captured discrete 

multiple return data with a density of 5.67 points/m2. The point cloud data were viewed in the LP360 software 

program for the intensity of each point, where the linear features were identified. Then, on-screen measurements 

were taken for the length of each of the 30 features (Figure 3). 

 

Figure 2. Distance was measured using drone imagery covering the football stadium complex of SFASU 
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Figure 3. Distance was measured using intensity data from a LiDAR point cloud covering the football stadium 

complex 

3.5 Remotely Sensed Pictometry Measurements 

In 2013 and 2016, SFASU acquired the right to use pictometry data in partnership with the County of Nacogdoches 

911 District, the City of Nacogdoches, Texas, and the Nacogdoches County Appraisal District. The purchase 

agreement includes pictometry data covering the city of Nacogdoches at a 10.2 cm spatial resolution in 2013 and the 

entire county of Nacogdoches at a 23.0 cm spatial resolution in 2013 and 2016. The undergraduate students were 

introduced to the online pictometry interface, which is very user friendly and allows users to measure height, length, 

slope, and the area of earth surface objects viewable within the online interface. Pictometry data, with the online user 

interface, were loaded onto a computer monitor, where the length of all 30 real-world features was measured by the 

students on the screen in meters (Figure 4). 

3.6 Remotely Sensed Google Earth Pro Measurements 

Google Earth Pro, which was developed by Google, Inc. (Mountain View, California), is user friendly and has an 

intuitive interface for learning and integrating into natural resource education for distance measurement (Viegut, 

Kulhavy, Unger, Hung, & Humphreys, 2018; Henley, Unger, Kulhavy, & Hung 2016). Google Earth Pro is a 

geospatial science-based software platform that students use on campus on a daily basis due to its ease of 

manipulation, powerful functions, and high spatial resolution imagery. Google Earth Pro was loaded into a computer 

monitor, and the lengths of all 30 real-world features were measured on the screen in meters (Figure 5). 
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Figure 4. Distance was measured using pictometry data covering the football stadium complex 

 

Figure 5. Distance measurement using Google Earth Pro covering the football stadium complex 
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3.7 Statistical Analysis 

To assess the accuracy of the remotely sensed measurements, real-world measurements were compared to remotely 

sensed measurements to determine the measurement errors, that is, the difference between a remote sensing 

measurement and its actual length measured with a tape on the ground. Then, the mean error and the root mean 

square error (RMSE) for each remote sensing method were calculated. In addition, an analysis of variance (ANOVA) 

of the absolute errors was conducted to determine the statistical significance of the variation between the remote 

sensing methods. If a significant difference in the mean absolute error was found among the methods, a Tukey test 

was performed to assess the statistical significance of the difference between the methods. 

Table 1. Linear measurements by methods used and their error statistics 

Line Feature 
LiDAR 

Intensity 
Drone Pictometry Google Earth Pro Ground Truth 

(ID) (Meters) 

L1 114.99 114.87 115.37 115.07 115.55 

L2 49.30 48.69 48.56 48.68 48.70 

L3 49.01 48.63 48.56 48.67 48.52 

L4 84.86 85.14 85.51 85.41 85.11 

L5 49.64 48.68 48.56 48.64 48.49 

L6 216.18 217.00 218.91 217.18 218.2 

L7 99.20 100.04 99.87 100.02 100.3 

L8 77.33 77.88 77.64 76.09 79.11 

L9 38.91 39.04 38.94 38.88 38.74 

L10 61 59.53 59.66 59.47 59.61 

L11 114.6 113.30 113.09 113.34 114.11 

L12 244.76 245.74 246.66 245.6 246.91 

L13 62.53 62.19 62.76 62.28 62.92 

L14 75.27 74.17 74.76 74.22 74.03 

L15 60.05 60.37 59.98 60.49 60.62 

L16 87.58 87.52 88.08 87.41 87.51 

L17 77.85 77.09 78.72 79.96 79.49 

L18 34.62 34.07 34.16 33.97 34.07 

L19 71.94 73.77 71.97 72.70 73.27 

L20 73.86 73.77 74.84 73.55 74.38 

L21 79.72 80.67 80.72 81.13 81.45 

L22 57.37 60.19 60.41 60.42 60.38 

L23 78.36 78.12 78.17 79.85 79.43 

L24 48.56 45.73 45.70 45.74 46.00 

L25 43.59 44.03 43.66 43.95 44.43 

L26 77.80 78.13 78.62 78.52 78.63 

L27 57.63 56.17 57.49 57.76 57.88 

L28 47.31 50.11 47.47 48.62 48.5 

L29 157.12 156.08 156.97 157.36 156.33 

L30 44.43 44.12 45.07 45.00 43.89 

Mean Error -0.37 -0.39 -0.19 -0.22  

RMSE 1.27 0.84 0.68 0.77  
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4. Results 

All of the distance measurements are reported in Table 1, where the mean error and RMSE for each remote sensing 

method are included. While close to zero, all the mean error values are negative, ranging from -0.39 to -0.22 meters, 

indicating that all the remote sensing methods underestimated the distance as a whole. The RMSE results indicate 

that the pictometry measurements were the most accurate, with an RMSE of 0.68 m, and the intensity of the LiDAR 

point cloud data was the least accurate, with an RMSE of 1.27 m. ANOVA resulted in a p value of 0.00163, 

indicating that there was a significant difference among the mean absolute errors of the different remote sensing 

methods (Table 2). The following Tukey test revealed that the LiDAR point cloud is the least accurate, with a mean 

absolute error of 1.0423 meters, whereas drone, pictometry, and Google Earth Pro performed differently in terms of 

accuracy (Table 3). 

Table 2. Analysis of variance of the absolute errors by method used (unit: meter) 

SUMMARY       

Groups Count Sum Average Variance   

LiDAR Intensity 30 31.27 1.0423 0.537191   

Drone 30 17.96 0.5987 0.357715   

Pictometry 30 16.02 0.534 0.181866   

Google Earth Pro 30 14.82 0.494 0.353852   

ANOVA       

Source of Variation SS df MS F P value F crit 

Between Groups 5.794869 3 1.931623 5.400781 0.00163 2.682809 

Within Groups 41.48812 116 0.357656    

Total 47.28299 119      

Table 3. For pairwise comparisons, Tukey’s test was used to evaluate the mean absolute error (unit: meter) 

Method Letters Least Sq Mean Std Error Lower 95% Upper 95% 

LiDAR Intensity A 1.0423 0.1092 0.8261 1.2586 

Drone B 0.5987 0.1092 0.3824 0.8149 

Pictometry B 0.534 0.1092 0.3177 0.7503 

Google Earth Pro B 0.494 0.1092 0.2777 0.7103 

5. Discussion 

Our results indicate that remotely sensed data collected within a focused hands-on study can be used to obtain 

accurate real-world distance measurements. Not only can remotely sensed measurements be accurate and comparable 

to real-world in situ measurements, but undergraduate students also realize that these measurements can be obtained 

in a timely and cost-effective manner. Students also learned how to use the intensity of LiDAR data measurements 

compared to in situ measurements and drone images. The intensity from LiDAR data increases with the number of 

autonomous vehicles, which senses the magnitude of the reflectance of lines on the surface of the road (Jeong, & 

Kim, 2018). Lane markings are essential in autonomous vehicle applications, and lane marking extractions are 

essential in transportation applications (Cheng, Patel, Wen, Bullock, & Habib, 2020). For ease of mapping, color 

point clouds can be developed from LiDAR point clouds (Peng, Hsu, & Wang, 2020). The close agreement of the 

pictometry, drone and Google Earth-derived data indicates that these remote sensing tools can be used as guides for 

obtaining point cloud intensity data from LiDAR. As the use of lidar point cloud intensity data for distance 

measurements increases, remotely sensed in situ data can be used as a guideline for ensuring the accuracy of the data. 

The students learned that their close agreement with the drone data from the DJI Phantom 4 Pro version 2, 

Pictometry and Google Earth Pro indicate the usefulness of drone-derived data in distance measurements. 

6. Conclusions 

The ease of remotely sensed length and area estimation demonstrated by undergraduate students using the web-based 

Pictometry interface, Google Earth Pro interface, and DJI Phantom 4 Pro data with ArcMap 10.5.2 software 

reinforces the use of these methods to remotely estimate length and area in lieu of in situ assessments. Tukey 
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pairwise tests revealed that the accuracy of the linear length measurements was significantly the same for the 

remotely sensed Pictometry web-based interface, the Google Earth Pro interface, and the DJI Phantom 4 Pro data in 

the ArcMap 10.5.2 interface, while the accuracy of the LiDAR point cloud was significantly less accurate. The 

results indicate that linear estimates within the ready-to-use Pictometry web-based interface and Google Earth Pro 

could be used in lieu of time-consuming or more costly drone flights or even in situ linear measurements. Per the 

results, any of the three methods used in the study will achieve the same level of accuracy statistically for estimations 

of length measurements. When available, the drone can be user controlled and can fly at a given time and place at the 

discretion of the user. 

The teaching methodology employed by faculty within ATCFA focuses on students learning geospatial science 

technology within an interactive hands-on environment. These results validate that the teaching methodology 

employed by faculty within ATCFA is highly effective in training undergraduate students in proper techniques to 

obtain accurate real-world measurements using high spatial resolution raster data. The field of geospatial science by 

definition is highly technical in nature and the effectiveness of instruction employed within ATCFA is displayed by 

this student led technical method paper.  By integrating students in an interactive hands-on study, faculty at SFASU 

are able to train students to be more effective employees immediately upon graduation. 

Acknowledgments 

This research was supported by McIntire Stennis Cooperative Research funds administered by the Arthur Temple 

College of Forestry and Agriculture and a grant awarded by the Center for Applied Research and Rural Innovation at 

Stephen F. Austin State University. 

References 

Cheng, Y., Patel, A., Wen, C., Bullock, D., & Habib, A. (2020). Intensity thresholding and deep learning based lane 

marking extraction and lane width estimation from mobile light detection and ranging (LiDAR) point clouds. 

Remote Sensing, 12, 1379. https://doi.org/10.3390/rs12091379 

Dailey, S. W. (2008). An accuracy assessment of 3-dimensional measurements derived from Point cloud and 

Pictometry data when compared to in situ survey measures. Columbia, South Carolina: M. S. Thesis, University 

of South Carolina. 

Gatziolis, D., Fried, J., & Monleon, V. (2010). Challenges to estimating tree height via point cloud in closed-canopy 

forests: a parable from western Oregon. Forest Science, 56, 139-155. 

Ganz, S., Käber, Y., & Adler, P. (2019). Measuring Tree Height with Remote Sensing—A Comparison of 

Photogrammetric and Point cloud Data with Different Field Measurements. Forests 2019, 10, 694. 

https://doi.org/10.3390/f10080694 

Gerke, M., & Kerle, N. (2011). Automatic structural seismic damage assessment with airborne oblique Pictometry 

imagery. Photogrammetric Engineering and Remote Sensing, 77, 885-898. 

https://doi.org/10.14358/PERS.77.9.885 

Goodchild, M. F. (2008). The use cases of digital earth. International Journal of Digital Earth, 1(1), 31-42. 

https://doi.org/10.1080/17538940701782528 

Henley, R. B., Unger, D. R., Kulhavy, D. L., & Hung, I. (2016). Incorporating applied undergraduate research in 

senior to graduate level remote sensing classes. International Journal of Higher Education, 5(1), 232-248. 

https://doi.org/10.5430/ijhe.v5n1p232 

Hu, Q., Wu, W., Xia, T., Yu, Q., Yang, P., Li, Z., & Song, Q. (2013). Exploring the use of Google Earth imagery and 

object-based methods in land use/cover mapping. Remote Sensing, 5(11), 6026-6042. 

https://doi.org/10.3390/rs5116026 

Jeong J., & Kim, A. (2018). LiDAR intensity for road marking extraction. 15th International Conference on 

Ubiquitous Robots (UR), Honolulu, HI, pp. 455-460. https://doi.org/10.1109/URAI.2018.8441893 

Kulhavy, D. L., Unger, D. R., Zhang, Y., Bedford, P., & Hung, I. (2016). Comparing remotely sensed Pictometry 

web based slope distance estimates with in situ total station and tape slope distance estimates. International 

Journal of Geospatial and Environmental Research, 3(1), Article 3, 1-13. 

Kulhavy, D. L., Unger, D. R., Hung, I., & Douglass, D. (2014). Integrating hands-on undergraduate research in an 

applied spatial science senior level course. International Journal of Higher Education, 4, 52-60. 

https://doi.org/10.5430/ijhe.v4n1p52 



http://ijhe.sciedupress.com  International Journal of Higher Education  Vol. 13, No. 2; 2024 

Published by Sciedu Press                         22                          ISSN 1927-6044  E-ISSN 1927-6052 

Lisle, R. J. (2006). Google Earth: a new geological resource. Geology Today, 22(1), 29-32. 

https://doi.org/10.1111/j.1365-2451.2006.00546.x 

Maltamo, M., Hyyppa, J., & Malinen, J. (2006). A comparative study of the use of laser scanner data and field 

measurements in the prediction of crown height in boreal forests. Scandinavian Journal of Forest Research, 21, 

231-238. https://doi.org/10.1080/02827580600700353 

O’Beirne, D. (2012). Measuring the urban forest: comparing Point cloud derived tree heights to field measurements. 

San Francisco, California: M. A. thesis, San Francisco State University. 

Patterson, T. C. (2007). Google Earth as a (not just) geography education tool. Journal of Geography, 106(4), 

145-152. https://doi.org/10.1080/00221340701678032 

Peng, C., Hsu, C., & Wang, W. (2020). Cost effective mobile mapping for color point cloud reconstruction. Sensors 

20, 6536. https://doi.org/10.3390/s20226536 

Sibona, E., Vitali, A., Meloni, F., Caffo, L., Dotta, A., Lingua, E., Motta, R., & Garbarino, M. (2017). Direct 

measurement of tree height provides different results on the assessment od Point cloud accuracy. Forests, 8(1), 

7. https://doi.org/10.3390/f8010007 

Unger, D. (2014). Validating one-on-one GPS instruction methodology for natural resource area assessments using 

forestry undergraduate students. Higher Education Studies, 4(1), 94-102. https://doi.org/10.5539/hes.v4n1p94 

Unger, D. R., Hung, I., Zhang, Y., Parker, J., Kulhavy, D. L., & Coble, D. W. (2013). Accuracy assessment of 

perimeter and area calculations using consumer-grade global positioning system (GPS) units in southern forests. 

Southern Journal of Applied Forestry, 37(4), 208-215. https://doi.org/10.5849/sjaf.13-006 

Unger, D., Kulhavy, D., Hung, I., & Zhang, Y. (2014). Quantifying natural resources using field-based instruction 

and hands-on applications. Journal of Studies in Education, 4, 1-14. https://doi.org/10.5296/jse.v4i2.5309 

Unger, D. R., Hung, I., & Kulhavy, D. L. (2014). Comparing remotely sensed Pictometry® web-based height 

estimates with in situ clinometer and laser range finder height estimates. Journal of Applied Remote Sensing, 

8(1), 083590. https://doi.org/10.1117/1.JRS.8.083590 

Unger, D., Kulhavy, D., Williams, J., Creech, D., & Hung, I. (2015). Urban tree height assessment using Pictometry 

hyperspatial 4-inch multispectral imagery. Journal of Forestry, 113, 7-11. https://doi.org/10.5849/jof.14-020 

Unger, D., Kulhavy, D., Hung, I., & Zhang, Y. (2016). Accuracy assessment of Pictometry height measurements 

stratified by cardinal direction and image magnification. International Journal of Geospatial and Environmental 

Research, 3(1), Article 4, 17 p. 

Viegut, R. A., Kulhavy, D. L., Unger, D. R., Hung, I., & Humphreys, B. (2018). Integrating unmanned aircraft 

systems to measure linear and areal features into undergraduate forestry education. International Journal of 

Higher Education, 7(4), 63-75. https://doi.org/10.5430/ijhe.v7n4p63 

Wang, Y., Schultz, S., & Giuffrida, F. (2008). Pictometry’s proprietary airborne digital imaging system and its 

application in 3d city modeling. International Archives of Photogrammetry and Remote Sensing, 37, 1065-1069. 

 

 

 

Copyrights 

Copyright for this article is retained by the author(s), with first publication rights granted to the journal. 

This is an open-access article distributed under the terms and conditions of the Creative Commons Attribution 

license (http://creativecommons.org/licenses/by/4.0/). 

 

 

 


