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Abstract  
Remote sensing has major advantages as a mechanism for learning. Across Missouri, 
educational institutions, from K-12 to the collegiate level, engage in the scientific process 
to investigate environmental issues, such as water quality monitoring, invasive species, 
biodiversity conservation and other important environmental issues.  Given the 
importance of remote sensing for natural resource assessment and environmental 
monitoring as well as economic decision making, attention should be given to strengthen 
those institutions in academic and technical assistance.  This project aims to enhance 
school and student learning, including the public, through hands-on learning in their 
community.  The main topics presented in this project are: 1) the integration of UAS and 
relevant sensors as a highly autonomous environmental survey tool and 2) augmented 
reality applications that interpret multi-sensor imagery derived from UAS platforms.  
These topics have been presented to a diverse audience of organizations, educators, 
students, and general public through multi-institutional research collaborations, technical 
workshops, and hands-on learning displays.  The work ties to several NASA areas of 
emphasis: 1) authentic, hands-on student experiences in science and engineering, 2) 
environmental science and global climate change, 3) diversity of institutions, faculty, and 
students, and 4) the capacity of institutions to support innovative research infrastructure 
activities to enable early career faculty to focus their research toward NASA priorities.  
The main objective of this initiative is to promote a remote sensing community 
committed to creating, establishing and assessing innovative education research and 
theory and incorporating it into effective practice. 

 

 

1. Introduction  

With growing demands on the world’s food supply chain, it is crucial to maximize agriculture 
resources in a sustainable manner. The collection of real-time data on weather, soil and air 

quality, and crop maturity, predictive analytics can be used to make smarter decisions.  Precision 
agriculture refers to the use of an information and technology-based system for within-field 
management of crops in order to identify variability, improve farming practices, and optimize 

production inputs. 
 

Remote sensing is acquiring information about objects without actually touching them. 
Specifically designed censors can be mounted on different plant platforms including satellites, 
manned/unmanned aerial systems to capture both reflected and emitted light energy from the 

target objects and these recorded data are stored, processed and analyzed for further learning the 
target objects. In recent few decades, remote sensing techniques have been broadly adopted by 

agricultural community because of their ability to provide timely and accurate monitoring of the 
agriculture crops over large areas with high revisit frequency [1]. When remote sensing data are 



organized in a Geographical Information System (GIS) along with other types of data, they 
become an important tool that helps in making decisions about crops and farming strategies.  

Additionally, small and user- friendly unmanned aircraft systems (UAS, also known as “drone”) 
have recently advanced remote sensing technology at an unprecedented rate.  

 
Augmented Reality (AR) is enhanced three dimensional (3D) environments that are live direct or 
indirect view of physical, real-world environments whose elements are augmented [2]. In 

comparison to virtual reality which replaces the real world with a computer simulated one [3], 
AR blends the real world in a semantic context. AR have been already introduced as a new 

method to improve the teaching and learning experiences and a recent research showed a great 
potential of AR tools in education compared to traditional methods[4]. Additionally, advances in 
computer and sensor systems have made AR affordable and channels of interactions between use 

and educational contents were amplified. 
 

Per the Department of Education’s STEM 2026 report, the nation has systematic injustices in 
access, participation, and success in STEM subjects that exist along racial, socioeconomic, 
gender, and geographic lines, as well as among students with disabilities. Inequality in STEM 

education threatens the nation’s capacity to close education and poverty gaps, safeguard national 
security, satisfy the needs of a technology-driven economy, and maintain dominance in scientific 

research and technological innovation [5].    
 
Remote sensing has major advantages as a mechanism for learning within the STEM discipline. 

Educational institutions across Missouri, from K-12 to the collegiate level, engage in the 
scientific process to investigate environmental issues, such as water quality monitoring, invasive 

species, biodiversity conservation and other important environmental issues. Missouri agriculture 
accounts for a substantial amount of the state economy and nearly 100,000 farms rely on two-
thirds of the state land. The state’s top agricultural commodities include soybeans, corn and 

livestock. In such heavily agriculture dependent state it is important to inform farmers, 
stakeholders, policy makes as well as young students who could be the farmers of future about 

the latest, cutting-edge technologies through easily digestible approaches. Given the importance 
of remote sensing for natural resource assessment and environmental monitoring as well as 
economic decision making, attention should be given to strengthen those institutions in academic 

and technical assistance.   
 

This project aims to enhance school and student learning, along with the general citizenry, 
through hands-on learning in their community.  The main topics presented in this project are: 1) 
the integration of UAS and relevant sensors as a highly autonomous environmental survey tool 

and 2) augmented reality applications that interpret multi-sensor imagery derived from UAS 
platforms.  These topics have been presented to a diverse audience of organizations, educators, 

students, and general public through multi- institutional research collaborations, technical 
workshops, and hands-on learning displays.  The work ties to several NASA areas of emphasis: 1) 
authentic, hands-on student experiences in science and engineering, 2) environmental science 

and global climate change, 3) diversity of institutions, faculty, and students, and 4) the capacity 
of institutions to support innovative research infrastructure activities to enable early career 

faculty to focus their research toward NASA priorities.  The main objective of this initiative is to 



promote a remote sensing community committed to creating, establishing and assessing 
innovative education research and theory and incorporating it into effective practice. 
 
2. Education Outreach  

The overall intent of this project is to engage with an intended audience to improve their 
awareness of and demonstrate cutting-edge research methods within the remote sensing field.  
We accomplished this through a series of workshops, multi- institutional research, and public 

exhibitions designed to introduce, or build upon current knowledge of, remote sensing as a 
powerful mechanism within the scientific community.  This audience was not just limited to 

faculty and students of educational institutions, but also future scientists, i.e. elementary school 
children, and their parents.  Increasing awareness to the educational and career opportunities 
derived from a remote sensing curriculum and similar STEM disciplines was one of the primary 

themes throughout this project.  Engaging younger students and parents who had little or no 
knowledge of remote sensing, thus had no preconceived notions, was also one of the most 

rewarding aspects of this project due to the enthusiasm and eagerness to learn about the subject 
at hand.  The following sections will discuss in detail the various programs involving educational 
outreach opportunities. 

2.1. Public Exhibitions in Remote Sensing              

The Saint Louis University Remote Sensing Lab has interacted with many organizations 
throughout the St. Louis area with one of the most valuable and on-going partnerships being with 

the Saint Louis Science Center.  The Saint Louis Science Center (SLSC) features more than 700 
interactive exhibits designed for people of all ages to investigate, explore and engage with 
science through fun and interactive learning experiences.  The SLSC added a new exhibit, 

GROW, in June 2016 focusing on connecting people to agriculture and the food they eat 
everyday through a farm-to-table approach.  Our lab was involved in the design process to create 

experimental plots designed at demonstrating the effect of drought on various crops.  Throughout 
the growing season, students from the lab would conduct public exhibitions of incorporating 
UAS technology into agricultural studies in the broader context of the remote sensing’s 

importance for studying and monitoring the environment.         

One of the main platforms used to demonstrate UGV (unmanned ground vehicle) technology and 
remotely sensed data collection in agriculture is the GROW-bot.  The GROW-bot is a robot 
designed for and displayed at GROW exhibit at Saint Louis Science Center (SLSC) which also 

debuted in the summer of 2016 with the opening of GROW. The GROW-bot is part of a research 
project funded by the National Science Foundation which is managed by our lab. The GROW-

bot is used to collect atmospheric and soil conditions for the corn and soybean plots within the 
GROW exhibit to monitor their effect on crop yield.   The measurements obtained from the 
GROW-bot also served as ground validation data for aerial drone imagery.  Our lab was given 

permission to fly multiple UAV missions over the exhibit plots to gather thermal data and RGB 
imagery from an aerial platform.   By combining the UAS-derived thermal data with the GROW-

bot derived ground data we could explain, through our exhibitions, the basics of remote sensing 
by correlating aerial data to specific conditions on the ground while highlighting the integration 
of UAS technology into environmental studies.    

 



Over the period of September 2016 to September 2017, we conducted ten public exhibitions at 
the SLSC of the GROW-bot and UAS technology for the public during First Friday (the first 

Friday of a month) events aimed at an older (16+) crowd and for children/parents during the 
weekends (Figure 1- left). The demonstrations included allowing visitors to drive the GROW-bot, 

showing them how we can change the camera view, taking temperature and soil readings, etc., 
and letting them know that their readings have become part of the data collection. At the same 
time, we also demonstrated multiple octocopter and quadcopter unmanned systems built in our 

lab for educational purposes (Figure 1- right). These drones were mounted with multiple cameras 
including regular RGB, multispectral, hyperspectral and thermal cameras and the drones are part 

of a multi- institutional research collaboration, which we will cover more in the following section.  
 
Questions to engage visitors included:        

 What do you think a robot like this does in the field? 

 Can you find the cameras?  

 Can you imagine anything else a robot could do? 

 Have any of you heard of a drone/UAV (unmanned aerial vehicle)/UAS (unmanned aerial 

system)?   

 How might UAVs be used in farming/agriculture? 

 Why would the GROW-bot need four cameras? 

 How much do you think the GROW-bot weighs?  

 Do you know what a drought is?  

 What do you think might happen to plants when there is no rain? 

 Can you think of a plant that grows with very little water?  

 

  

Figure 1. A team member demonstrates the use GROW-bot (left) and drone (right) to public on the 

first Friday of a month 

 

 

 

 



2.2. Multi-institutional Research Collaboration 

During the growing seasons of 2016 and 2017, our lab engaged in a NSF funded project, aimed 
at developing new methods for monitoring crop growth and management using UAS technology.  

More than ten Missouri-based institutions supported the research initiative, consolidating various 
areas of expertise from industry to academia resulting in a comprehensive research collaboration. 
Partnering with an established industry partner, our lab built a UAS program from scratch and 

became a reputable institution for UAS design, operation, and sensor integration relating to 
remote sensing research applications.   

 
Working on this project not only provided our lab with expertise in the cutting-edge UAS and 
sensor technologies but also developed new partnerships with students and faculty from other 

academic disciplines and universities interested in leveraging the potential of UAS remote 
sensing technology (Figure 2- left).  These partnerships, as a function of merging 

interdisciplinary fields of study and neighboring institutions, were conducive to promoting 
diversity and inclusion within STEM research.  Our lab (majority male) regularly incorporated 
female graduate students from the Sustainability Department (majority female) at Saint Louis 

University into our weekly field data collection and UAS flight campaigns in Columbia, 
Missouri.  With the common thread being and overlapping GIS curriculum, these students 

displayed an interest in remote sensing and field data collection and volunteered to assist with 
our research.  Throughout the course of the summer they proved to be an integral part of our data 
collection team while learning and applying various ground sampling methods and instruments.  

Our partnership with neighboring institution, Harris-Stowe State University, a historically black, 
public university with a predominately female student body (67%), fostered an inclusive 
environment in which both institutions could discuss best research practices and learn how to 

incorporate remote sensing into their research and experimental design for scientific studies.  On 
multiple occasions, faculty and students from Harris-Stowe participated in our field data 

collection and UAS flight campaigns.  In addition to field data collection, our lab hosted four 
members (two undergraduate and two faculty) of Harris - Stowe from biology and physics 
disciplines to demonstrate and train on several ground sampling instruments including DUALEX 

4 Scientific, DECAGON leaf porometer and FluorePen FP 100 (Figure 2- right).   
 

  
Figure 2. Octocopter taking images of soybean field (left) and the members of Harris - Stowe State 

University being trained on field instruments (right) 
 



The ongoing collaboration between Harris-Stowe State University and the Saint Louis University 
Remote Sensing Lab continues to expand.  Following the UAS data collection campaign over the 

summer and regular discussions about research methods, faculty from Harris-Stowe expressed 
interest in Geographic Information Systems (GIS) and its potential to bolster research.  This led 

to the development of a series of six weekly 2-hour GIS workshops to be taught at Harris-Stowe 
State University (Figure 3- left).  These workshops are designed to introduce researchers to the 
capabilities and limitations of GIS and its application across a variety of disciplines.  After two 

sessions, we have had a group that consists of five faculty members across a variety of 
disciplines (biology, physics, sociology, political science) and one biology graduate student 

(Figure 3- right).  These workshops were so well received initially; the quantity of workshops 
will potentially become open-ended to facilitate advanced and research-specific topics in GIS 
once attendees fully grasp the potential of GIS and its application to their field of study. 

 

    
Figure 3. Harris-Stowe faculty listening to GIS workshop lecture (left) and Harris - Stowe GIS 

workshop ArcGIS practical exercise training (right) 

 

In addition to the collegiate level, our efforts also focused on promoting remote sensing research 
to students at the K-12 level. High school seniors, Kushal Marri and Zach Hoffmann, of Parkway 

South High School, joined our lab in the summer of 2017 through the Students and Teachers as 
Research Scientists (STARS) Program. With our guidance, they learned how a remote sensing 
research facility works and were given the opportunity to select a research topic that interested 

them, collected and analyzed their own data, and wrote a final report at the completion of the 
program. Mr. Marri’s research focused on analyzing the stress response of maize with varying 

irrigation techniques through the utilization of remote sensing technologies. He collected ground 
data for his research from a maize field in GROW exhibit at SLSC and correlated the ground 
data with aerial images collected previously (Figure 4- left). The maize field included two maize 

types with different sensitive to water stress and two different irrigation treatments (irrigated and 
rained). Mr. Hoffmann’s research was related to application of remote sensing techniques on 

water quality in Missouri river systems. He used freely available turbidity data and multiyear 
Landsat images to complete his work (Figure 4- right).  



 

Figure 4. Arial RGB image of GROW exhibit at SLSC (left) and turbidity maps of different water 

bodies generated with Landsat satellite images  

 

Word of our UAS-related research attracted another K-12 student, Jack Lewis, a 7th grader at the 

Christ the King Catholic School.  He was trained for six hours of quadcopter preflight checks, 
flight safety and UAS operations.  Upon the completion of training, he could successfully and 
safely operate his personal UAS.    

 

3. Augmented Reality Developments  

In collaboration with the SLSC and the Peak Reality software development company, our lab has 
developed a prototype augmented reality application to better demonstrate and communicate 
agricultural research and operations. The goal of this collaboration is to provide experiential 

opportunities for Saint Louis Science Center visitors to better understand the value of emerging 
research and technology to improve coverage and accuracy of agricultural insights around plant 

health and climate change. The results of the collaboration will be available for visitors to 
experience in GROW exhibit indoor pavilion. 
  

The AR application overlays drone-collected data visualizations directly onto images of research 
fields. Agricultural research data was collected by our ab at the Bradford Research Center over 

one full growing season throughout 2016. Graphics and design were developed by SLSC staff, 
and the AR application and development was programmed and implemented by Peak Reality. 
Agricultural research data includes visual imagery, thermal imagery, and plant health indicators 

(Figure 5). 
 



 
Figure 5. A thermal view of the field (left) and the base pad image used for the AR (right). The user 

would open the app on the tablet and hover the tablet over the pad to utilize the AR portion. 

 

The SLU Remote Sensing Lab studies crop health using many different techniques, including 
field data collection, satellite imagery, and airborne data. This data helps us accurately and 
comprehensively assess plant phenology and the impacts of environmental stressors on different 

plant types. These assessments help us better understand the effects of a changing climate on our 
food systems and identify possible solutions for more resilient systems and greater food security. 

Imagery collected across the visible light spectrum (from red to green to blue, or RGB) is 
utilized to calculate the Visible Atmospherically Resistant Index (VARI), an effective index of 
plant health. Thermal imagery was also collected to show differences in surface temperature as 

another environmental indicator. 
 

The AR application is accessed through a tablet embedded in a 3D-printed "drone case." Visitors 
explore different remote sensing visualizations and changes over time through the AR app by 
"piloting" the tablet over images of the Bradford research field and other text. These 3D 

visualizations demonstrate physical changes in crops due to stress, and allow viewers the 
opportunity to virtually "visit" the research fields (Figure 6). 

 

 
 

 

 
 

Figure 6. The AR program being shown to students with a drone shaped case (leaf) and the 

program being used, which shows the variables involved as well as controls (right) 



4. Conclusion and Research Efforts in Progress  

Due to the inherent interdisciplinary nature of our remote sensing research, we regularly 

collaborate with a diverse group of students, faculty, and institutions.  This goal of this project is 
to promote and enhance remote sensing research to faculty and student learning at all levels of 

education through mentoring, collaboration, and hands-on learning.  We communicated the 
potential of remote sensing through two main topics: 1) the integration of UAS and relevant 
sensors as a highly autonomous environmental survey tool and 2) augmented reality applications 

that interpret multi-sensor imagery derived from UAS platforms.  These topics were presented to 
a diverse audience of organizations, educators, students, and the public through multi-

institutional research collaborations, technical workshops, and hands-on learning displays.   

The augmented reality application is in the refinement process prior to implementation into the 

GROW exhibit at the Saint Louis Science Center.  We maintain regular contact with the 
developers and are working together to create a unique experience that allows users to virtually 

immerse themselves into the data to better understand the data collected from remote sensing 
platforms.   We are currently refining the beta version of the application.  We expect the release 
candidate in the upcoming months.  

We plan to continue our interdisciplinary collaboration within our university as well as o ur 
partnership with Harris-Stowe State University to augment their remote sensing and GIS 

knowledge to facilitate use in their specific research disciplines.  As of this report, we have four 
GIS/remote sensing workshops scheduled with Harris-Stowe and are in discussion for more.  We 

will continue to assist with training faculty and students who express interest in remote sensing 
technology and topics that fall within our expertise.  We strive to promote a remote sensing 
community committed to creating, establishing and assessing innovative education research and 

theory and incorporating it into effective practice.       
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