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Abstract 
Remote sensing is used in the Spatial Sciences Institute (SSI) across the full 
spectrum of the organization’s teaching and research initiatives. From un-
dergraduate to graduate classes that utilize unmanned aerial systems (UAS) 
in data collection and graduate courses that incorporate remote sensing for a 
variety of applications, including Earth observation, to applied research via 
the Human Security and Geospatial Intelligence (HSGI) Lab projects and 
work being done with One World Terrain (OWT) at the Institute for Creative 
Technologies (ICT) to build a fully geo-referenced 3D planetary model, SSI 
recognizes the need to educate students about remote sensing techniques. 
This paper discusses faculty involvement in conducting a pilot study for the 
Catalina Island Conservancy (CIC) using UAS to survey local bison and deer 
populations. The team utilized an autonomous fixed-wing UAS with a ther-
mal payload to collect data for a semi-automated detection workflow inte-
grated within a GIS successfully identifying both deer and bison. Additional-
ly, graduate students participate in a weeklong experiential learning opportu-
nity on Catalina Island, CA during which they develop and conduct a re-
search project integrating UAS and other remotely sensed data with primary 
data collection in a Geographic Information System (GIS). By extension, the 
Institute then reinforces that these educational opportunities, focused pri-
marily on data acquisition, are instrumental in supporting the geographic in-
formation systems, science, and technology experiences in many diverse fields, 
including (but not limited to) human security, humanitarian relief, sustaina-
ble urban and rural planning, and public health. 
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1. Introduction 

Within spatial sciences, the University of Southern California (USC) Dornsife 
College of Letters, Arts and Sciences (Dornsife) Spatial Sciences Institute (SSI) 
recognizes the importance of remotely sensed data as an integral component of a 
Geographic Information System (GIS) and spatial analysis to a variety of discip-
lines. As is evident from this special issue alone, remotely sensed data integrated 
into a GIS can be applied to everything from environmental analysis to human 
rights monitoring in far to reach locales. We focus this paper on two research 
projects contributed by faculty and affiliate faculty that incorporate remotely 
sensed data, acquired both from satellite imagery and unmanned aerial systems, 
into GIS and virtual reality/augmented reality (VR/AR) to promote the well be-
ing of military and the monitoring of wildlife. These vastly differing projects 
underscore the variety of applications for remotely sensed data and different re-
search that the Spatial Sciences Institute undertakes, which also can be used in 
teaching and promoting the next generation of data acquisition and analysis 
specialists. Reinforcing concepts and scientific theories is best accomplished 
through active learning, when the creation of new knowledge occurs through the 
transformation of experience [1] [2]. We discuss these projects not only within 
the context of the integration of remote sensing with GIS, but also the broader 
context of integrating remote sensing into curricular advances within the SSI at 
both graduate and undergraduate levels. Situated in the heart of Los Angeles, 
CA, the online graduate programs in Geographic Information Sciences & Tech-
nology (GIST) at USC are currently the only US programs that conform to 
UNIGIS standards of design and delivery for distance learning in GIS and GISci. 
This places USC Dornsife SSI in a unique position at the forefront of curricular 
development. 

Below, we briefly describe some of the work that Director of Modeling, Simu-
lation, & Training at the Institute for Creative Technologies (ICT), Ryan McA-
linden oversees, and work that Professors Jason Knowles and Andrew Marx have 
initiated with the Catalina Island Conservancy (CIC), a non-profit organization 
that privately holds and manages over 88% of the land on Catalina Island. The 
USC-ICT research utilizes novel geospatial techniques and advances in the areas 
of collection, processing, storage and distribution of geospatial data, while the 
pilot for wildlife monitoring of local bison and deer populations via UAS-based 
high resolution visible (RGB) and thermal imaging has not previously been 
conducted on Catalina Island. We also describe how projects such as these have 
been incorporated into specific spatial sciences courses over the years to provide 
support for research and platforms for enhanced student learning. Aspects of the 
pedagogical approaches were previously presented at the GIS-Pro & Cal-GIS 
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2018 conference [3], therefore, here we focus on newer research and faculty ca-
pacity building. We also provide the workflow that we have undertaken to in-
crease the faculty capacity in operating UAS and working with remotely sensed 
data. We acknowledge this may not work for all academic units, but encourage 
academic departments to follow similar curricular advances. 

The next section of this paper presents background, methodology, and results 
of the wildlife monitoring pilot study on Catalina Island from 2018. Section 
three describes the innovative research and application of remote sensing in-
tegrated with GIS for AR/VR products and 3D planetary modeling done at 
USC-ICT. Both research studies are presented within the context of a Dornsife 
Spatial Sciences Institute graduate spatial data acquisition course and the poten-
tial for building faculty capacity in integrating remote sensing with GIS in this 
course. The fourth section focuses on novel integration of remote sensing into 
the undergraduate and graduate curriculum within spatial sciences and presents 
a potential workflow for other organizations to build faculty capacity in this do-
main. 

2. Wildlife Monitoring on Catalina Island, Pilot 2018 
2.1. Background 

The Dornsife Spatial Sciences Institute has long run an online spatial data acqui-
sition course that affords students the opportunity to experience a weeklong 
field data excursion based at USC Wrigley Institute for Environmental Studies 
(WIES) on Catalina Island. This course has evolved from working solely with 
handheld GPS units to formally include unmanned platforms. This evolution 
was bolstered when trained Remote License Pilots (RPL) pilots, Professors Jason 
Knowles and Andrew Marx, joined the faculty of SSI in late 2017. Additionally, 
spatial students and faculty have intermittently previously worked with the Cata-
lina Island Conservancy on a variety of projects, mostly small-scale projects fo-
cused on areas near the USC WIES campus or just beyond, during the week-long 
excursion, with results remaining internal. 

Having practical experience from previous work, both Knowles and Marx 
were eager to continue their remote sensing work through SSI; the already 
forged contacts at the CIC and the spatial data acquisition course provided the 
opportunity to formally link their research with the student curriculum and vice 
versa, to link the students with this practical application of remote sensing. In 
April 2018, Knowles and Marx worked with the CIC to develop and execute a 
pilot study for conducting wildlife surveys of local bison and deer populations 
utilizing UAS-based high resolution visible (RGB) and thermal imaging. The 
study looked at both the feasibility of utilizing fixed wing UAS-based imagery to 
identify wildlife, but also at workflow maximization; could gains be made in the 
efficiency and efficacy of airborne counting and cataloging of wildlife in com-
parison to more traditional on the ground field survey methods [4]. In addition, 
it was also anticipated that this methodology would be less obtrusive and inva-
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sive to the observed species due to the collection altitude of the UAS. This is a 
vital component to wildlife monitoring and an especially high priority for ethical 
organizations such as the CIC, which are the sole guardians of wildlife in an 
area. The pilot study was done flying a fixed wing sense Fly Ebee Plus with 
SODA (RGB) and Thermo MAP payloads (Figure 1) resulting in both ultrahigh 
resolution aerial photography (at 1.12 in/2.84cm group sample distance) and 
thermal data capture (at 9.49 in/24.11cm ground sample distance). The CIC Di-
rector and two field biologists joined the collection team for the duration of the 
project. 

2.2. Methodology 

The study area selected by the CIC was Middle Ranch Meadows on Catalina Isl-
and (Figure 2), located near the center of the island in a valley surrounded by 
rich topography making on the ground field visual observations difficult. Two 
days of flying were completed on April 4 and 5, with both high-resolution RGB 
and thermal cameras for a total of five flights. Both pilots (Knowles and Marx) 
were holders of Civil Certificate of Waiver Authorization (COA), for commer-
cial operations via Federal Aviation Administration (FAA) Code of Federal Reg-
ulations (14CFR) Part 107. The April 4 flights were for orientation and equip-
ment shakedown/calibration, while April 5 flights were for wildlife data capture. 
On April 5, the first flight was completed with the thermal package, taking off 
30-minutes before sunrise (FAA earliest allowed). This early flight was con-
ducted to maximize the temperature differential between the cold evening 
ground and the wildlife. Immediately after the first, one-hour flight, a second 
flight was performed with a RGB sensor over the same study area. This, along 
with ground truth performed by the CIC personnel using binoculars from a 
vantage point to identify wildlife, was used to the confirm the presence of wild-
life and validate potential signatures identified in the thermal imagery capture 
which is shown to be the most effective [5] [6]. Immediately following the 
flights, datasets were preprocessed in the field and saved to secondary backup 
systems. Once back from the field, datasets were processed overnight via com-
mercial photogrammetry software (Pix4DMapper v4.2) and the following data-
sets were produces within 48-hours of capture and integrated within GIS (Arc-
Map v10.5): 
• Ultra-high resolution RGB (visible) aerial photography (at 1.12 in/2.84cm 

ground sample distance); 
• LAS Point cloud (Figure 3); 
• Thermal surface model (at 9.49 in/24.11cm ground sample distance); 
• Digital surface model (DSM); and 
• 3D Textured mesh (Figure 4). 

After processing the thermal imagery, it was added to a GIS, for manual anal-
ysis of the thermal imagery. Warm areas or literal “hotspots” from the thermal 
imagery capture were identified and correlated to the visible imagery and on the 
ground wildlife observations from the CIC field biologists.  
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Figure 1. SenseFly eBee Plus, field set up prior to data collection. 

 

 
Figure 2. Study area: flight coverage at Middle Ranch, Catalina Island, CA and Catalina 
Island with Califronia caostline. 

 

 
Figure 3. LAS point cloud processing in photogrammetry software. 
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Figure 4. UAS collected products: Orthoimage integrated with a Streets basemap 
(top left) and DSM integrated with Imagery basemap (bottom right) in GIS. 

2.3. Results 

The preliminary results indicate that fixed wing UA appears to be a good plat-
form for wildlife surveys both for its ability to cover large areas and host both 
RGB and thermal payloads. Initial surveys were a success with both bison and 
mule deer identified in the thermal imagery captured by the UAS survey (Figure 
5 and Figure 6). Four mule deer and one bison were ultimately counted over the 
1.41 km2 study area. 

The field crew and the RGB imagery flown immediately following the thermal 
capture verified these signatures. The aerial collection methodology was unques-
tionably more efficient in terms of being able to cover more area (the eBee fixed 
wing has a flight time in excess of ~60-minutes and depending on the collection 
altitude can cover vast areas in a single flight) and visual observations of the 
wildlife during the flights indicated that there was no disturbance, with the ani-
mals seemingly unaware of the UAS high above them. In addition to the survey 
data, the derivative geospatial products produced by the programming process 
(Figure 4 above) were found to be extremely useful datasets for the CIC field bi-
ologists and GIS staff that would normally not be available. 

2.4. Summary 

While we consider this initial pilot study a success, we believe that there can 
further improvements to the workflow and collection methodology. Collections 
and resultant thermal data capture would be significantly improved by flying 
predawn (or at night) in order to get a larger wildlife temperature differential 
signature between the environment and the wildlife. Even at sunrise, the head 
distribution was already much greater on east-facing slopes making detection of 
thermal signatures more difficult. Future studies will see the submission of an 
FAA Waiver to allow for predawn (or night) flying to maximize the temperature  
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Figure 5. Thermal imagery from ThermoMap camera of bison (left) and 
RGB imagery (right) with movement of bison from time 0615 to 0715. 

 

 

Figure 6. Thermal imagery from ThermoMap 
camera of four mule deer (circled).  

 
differential. Additionally, manual analysis of the thermal imagery, while doable, 
is time consuming and cumbersome. This process would benefit from the use of 
a scripted automation or semi-automated routine for entity detection [7]. A de-
tection algorithm identify areas within the scenes where there are large temper-
ature differences would enable the user to more rapidly identify and catalog the 
pertinent data from a large coverage area. 

3. Autonomous Terrain Modeling  

Prior to fully incorporating UAS data collection and integration into the gradu-
ate level spatial data acquisition course, the Spatial Sciences Institute collabo-
rated with the Institute for Creative Technologies to provide opportunities for 
UAS pilot training in difficult terrain and pilot workflow presentations that mu-
tually benefited ICT pilots and students on Catalina Island. As such, we also de-
scribe the integration of aerial imagery performed by USC-ICT. 

3.1. Background 

The USC-ICT’s Terrain efforts focus on researching and prototyping capabilities 
that support a fully geo-reference 3D planetary model for use in the Army’s 
next-generation training and simulation environments. USC-ICT research ex-
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ploits new techniques and advances in the focus areas of collection, processing, 
storage and distribution of geospatial data to various runtime applications. 

3.2. Generalized Methodology 

USC-ICT collects aerial images with Commercial off the Shelf (COTS) UAS us-
ing the ICT autonomous UAV path planning and imagery collection system. 
The software provides a user-friendly interface that encodes photogrammetry 
best practices. Unlike other commercially available UAV remote control soft-
ware, the ICT solution was design for collecting aerial images that cover a large 
area of interest with multiple flights. Parameters that are required for data col-
lections include a bounding box of the area of interest, flight altitude, the desired 
overlap between images, and camera orientation. An optimized flight path is 
then computed with these parameters and the imaging task can be automatically 
accomplished. With the acquired images, the 3D point clouds are reconstructed 
using commercial photogrammetry software. 

The photogrammetric-generated point clouds/meshes (Figure 7) from a col-
lection stage do not allow both user-level and system-level interaction, as they 
do not contain the semantic information to distinguish between objects. The 
workflow in previous works require either manually labeling the points into dif-
ferent parts, or re-training a new model for each new scene. USC-ICT has de-
signed a fully automated process that utilizes deep learning to automatically ex-
tract relevant features and segmentation from point clouds. To train the feature 
attribution model, the points are first manually labeled with the following labels: 
ground, man-made objects, vegetation, etc. These point clouds are then adapted 
to 3D voxel grids to produce a representation suitable for deep neural networks. 
ICT designed a simple yet effective 3D encoding and decoding network archi-
tecture based on 3D U-Net for point cloud segmentation. During training, a 
straight and forward 3D data augmentation strategy was designed to perform 
rotation, translation, and crop on the input data at the same time. This expands 
the amounts of data and allows for better generalization capabilities of the mod-
el. The resulting pipeline is able to extract building, ground, and vegetation in 
the raw point clouds automatically with high accuracy and produce accurate 3D 
models (Figure 8). 

3.3. Connection with Curriculum 

With this technology and workflow in mind, Ryan McAlinden and pilot trainees 
demonstrated the mission planning and other considerations to the data acquisi-
tion classes. Pilot trainees were afforded the opportunity of a non-traditional, 
low-stakes preparation, training, and flight time at WIES on Catalina Island, 
while graduate students in the spatial acquisition course experienced the mission 
planning and data collection, and were able to utilize the aerial imagery collected 
and modeled in their project work. This endeavor, while beneficial to USC-ICT 
and SSI, was taken over by the general instructors in SSI, and is discussed below  
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Figure 7. Photogrammetric point cloud segmentation, University of Southern 
California site. 

 

 

Figure 8. 4-layer transition image of the USC campus. 

4. Integrating Remote Sensing and UAS into Curriculum 

As an academic unit, the SSI continues to grow and develop curriculum at the 
graduate and undergraduate levels. This is evident in our changing course offer-
ings such as Spatial Data Collection Using Drones, an introductory undergra-
duate course that provides students with technical and practical experience with 
UAS, and program development such our Graduate Certificate in Remote Sens-
ing for Earth Observation (RSEO). These courses and programs have undergone 
curricular review by our respective internal curriculum committees, and the ap-
propriate Curriculum Offices at the College and University levels.  

4.1. Student Programs and Curriculum Development 

The Spatial Sciences Institute initiated curricular updates concurrently for both 
undergraduate education and graduate education that incorporate remote sens-
ing at a higher level than was previously encompassed. Some changes were con-
sidered minor, modifications to content of existing courses that meet learning 
objectives with regards to remote sensing and UAS data collection, while other 
changes involved the creation of new courses and programs. As discussed for 
this paper, students enrolled in the graduate level Spatial Data Acquisition 
course who are also new to integrating remotely sensed data, collected via in-
structor conducted UAS flights, gain experience in pre-flight mission planning 
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and post-flight processing of the data. They also trouble shoot problems that 
may arise with integration of these data with other field collected data; we en-
courage students to work through the processes to solve issues such as mis- 
matched coordinate systems upon projecting both UAS imagery (collected in 
UTM Zone 11N) with data from high accuracy receivers (collected in WGS 1984 
and projected in Web Mercator) under guidance from faculty. The students can 
then related this practical experience with real world situations in which they 
will be utilizing these data and processes. 

Additional curricular development culminated in the creation of a non-major 
undergraduate course in spatial data collection utilizing drone, in which stu-
dents will, for the first time, work the UAS to plan, collect, and process imagery. 
This course revolves around applied and active learning experiences in which 
students can develop and demonstrate a deeper knowledge and understanding of 
the technological sciences behind the UAS-based collections, processing, and 
visualizations, and through germane examples. Additionally, this is a one-off 
course, meaning students across all disciplines are welcome to enroll in the 
course, no prior experience with GIS is required, and this is not limited to ma-
jors or minors. We anticipate that this course likely will draw students from the 
most diverse majors and academic disciplines. Lastly, we have developed a new 
graduate certificate program in Remotes Sensing for Earth Observations 
(RSEO), which leverages remotely sensed data from a multitude of sources such 
as Location Based Services (LBS), social media, and Internet-of-Things (IoT) de-
vices for a variety of applications from weather and environmental observations 
to disaster management and recover efforts. The program focuses on the ac-
quisition, management, and integration of these data for the purpose of ad-
vanced trend analysis, with the aim that students and professionals develop 
proficiency working with these data and are able apply their use in decision- 
making processes.  

4.2. Capacity Building of Faculty for Improved Student Outcomes 

In order to create a sustainable program that incorporated UAS and remote 
sensing technology at a greater level, SSI invested in building capacity of current 
faculty (Figure 9) beyond the abilities of Knowles and Marx. This entailed de-
veloping technical training and pilot certifications for the selected faculty that 
are, or would be, responsible for spatial data acquisition via UAS. Trainee faculty 
members worked in collaboration with USC-ICT and experienced pilot faculty 
to develop study plans and to review materials for the FAA RPL Part 107 exam. 
Faculty then created individual learning plans and study schedules. Due to fiscal 
considerations, faculty were required to sit for the Part 107 exam prior to the 
closing of fiscal year 2017.  

In consultation with USC-ICT, Knowles, and Marx, SSI also invested in the 
necessary equipment and photogrammetry software for educational purposes. 
Equipment this included a quad copter UAS (DJI Phantom 4 Pro) with a RGB 
payload, no thermal or multispectral payloads are mounted currently. This was a  
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Figure 9. Workflow for capacity building and training of faculty for 
attaining FAA RPL, Part 107. 

 
budgetary consideration and we recommend that initial investment also include 
a multispectral payload. This will greatly increase the data collection possibilities 
to include vegetation and landscape analysis, such as Normalized Difference 
Vegetation Index (NDVI) or others, which can be applied to a variety of do-
mains ranging from crop management in agricultural to tracking people and 
objects for human security, search and rescue, and other military operations. 
Additional equipment and accessories included extra Intelligent Flight batteries, 
back-up propellers, carrying case, and one tablet. Educational licensing for pho-
togrammetry software (Pix4D) was purchased and is renewed annually. Addi-
tional mission planning software (AirMap, DJI-Go, etc) are available free of 
charge and downloadable to any mobile device. 

Upon successful completion of the exam, all faculty pilots engaged in physical 
training with Marx and Knowles. A pre-flight check list, in-flight protocol, and 
post-flight image processing workflow were standardized for use with the cur-
rent graduate spatial data acquisition course and are available to use for addi-
tional courses, such as the aforementioned undergraduate course that specializes 
in spatial data collection using drones. Test flights, under the direction of Marx 
and Knowles, were conducted in open, unpopulated parks, in accordance with 
FAA regulations and recommendations that limit flights overhead of people in 
public spaces. Faculty also conducted test data collections, processing, and inte-
gration of outputs (DSM, 3D mesh) incorporated into a GIS platform to visual-
ize georeferenced data to hone integration abilities. 

5. Discussion 

Ideally, students will develop projects that test not only the utility of remotely 
sensed imagery collected via UAS, but also efficiency and efficacy of their 
workflows. The weeklong Catalina experience can be used as a testing ground 

Spatial Sciences Institute develops plan for faculty 
capacity building one year prior to curricular updates

Faculty work with USC-ICT (Director of Training and 
licensed pilots) to create individual learning plans prior 
to examination

Spatial Sciences Institute investment in hardware and 
software in conjunction with curricular updates; Faculty 
individually sit for FAA Part 107 licensing exam

Upon passing exam and receiving FAA RPL, faculty 
practice UAS mission planning and conduct test flights 
under supervision of trained pilots

Faculty execute UAS data collection, processing, and 
integration of outputs with GIS; curricular updates and 
full integration of UAS procedures coplete
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for implementation of this technology to new domains on a small scale, prior to 
large-scale implementation. Our goal is to provide students the opportunities to 
engage in active experimentation and improve learning experience and out-
comes. This is accomplished through active collection of data, detailed data 
analysis, and product production via some geo-visualization outcome. 

Having experienced faculty that can train additional faculty, and act as a re-
source throughout development of the programs and/or new student projects 
and novel flight paths, is key to the success of our programs. Successful pilot 
studies that apply remote sensing to wildlife tracking and monitoring, such as 
the first study highlighted above, and 3D models of the natural and built envi-
ronment that are derived from UAS collected imagery and an automated com-
puting process, such as accomplished by USC-ICT, are exemplars of the advan-
tages of integrating remote sensing in a GIS. Additionally, faculty that can effec-
tively communicate and demonstrate the possibilities of remotely sensed data 
acquired via UAS, are vital to improved student experiences and outcomes. SSI 
does not aim to train pilots, and in fact some of the students may already have 
experience working with UAS and product visualization through current jobs. 
Rather, courses and programs focus on the utility of remotely sensed data within 
a GIS, the science of photogrammetry and production of geo-referenced 3D 
models, and the variety of geospatial analyses that can be run for the diverse ap-
plications of remotely sensed data. 

Lastly, while we have focused the case studies presented here on remotely 
sensed data mainly collected via unmanned aerial systems, our students interact 
with a variety of remotely sensed data (LiDAR, multi- and hyper-spectral satel-
lite imagery, etc) within a GIS during these courses and in the progress of re-
search projects that span the humanities and physical sciences. Through this 
work, SSI reinforces that these educational opportunities, focused primarily on 
data acquisition, are instrumental in supporting the application of geographic 
information systems, science, and technology in many diverse fields ranging 
from human security and humanitarian relief, to sustainable urban and rural 
planning and public health. 

6. Conclusion 

We have presented two innovative research projects that integrate remotely 
sensed data collected via UAS in GIS for distinct purposes, but that share the 
common element of further integration of remote sensing into the curriculum of 
spatial sciences courses. We successfully demonstrated the potential for wildlife 
monitoring on Catalina Island utilizing UAS and made tangible recommenda-
tions the future work in this domain. We also presented the work of USC-ICT 
and development of an automated process to build a fully geo-referenced 3D 
model of the earth for the training and simulation needs as the impetus and 
model for faculty development at SSI. In order to achieve the curricular renova-
tions referenced above, faculty must be properly equipped to guide student data 
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acquisition, processing, and analysis; we presented the workflow of how the Spa-
tial Sciences Institute achieved this and the importance for our student devel-
opment.  
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