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ABSTRACT: San Diego’s Black Mountain Open Space (BM) Park struggles with the severe challenges of wildfire and
vegetation management because of its largely inaccessible 2,350-acre terrain and rugged environment. This project proposes a
drone-based, Artificial Intelligence (AI), and Geographic Information System (GIS) integrated system to address these challenges.
The system applies high-resolution drone imagery analyzed by Al algorithms to identify dry plants, seedlings, and fire-prone
zones automatically. It uses GIS to interpret the imagery and produce 2D and 3D terrain mapping for further analysis, which will
enable park rangers to preempt fire-prone areas and monitor dry plants, seedlings, and invasive species. The system can also be
used in real-time video detection to aid decision-making and improve response time. The results showed that the Drone-AI-GIS
integrated system is capable of scanning massive areas at least five times faster than manual labor while also providing actionable
information in real-time for the park ranger to act, and that the system can be easily adapted to other parks or scaled to a much

larger application area.
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B Introduction

Drone imagery and Al have been leveraged for vegetation
and fire risk monitoring.’ For example, Turner et al. utilized
drones equipped with multispectral cameras to monitor the
health and distribution of vegetation in environments that are
challenging to access using traditional methods;' Zhang et al.
showed that Al models are highly able to automatically detect
fire-prone zones in real-time by incorporating surrounding
environmental factors such as wind, humidity, vegetation sta-
tus, and can help predict and identify fire outbreaks with high
accuracy.” However, even though those studies show the advan-
tages of drone technology and Al respectively, what is lacking
in the currently available research is a fully integrated system
that combines the power of drones, Al, and GIS for smart park
management that is capable of 3D GIS mapping, real time
video detection, Al driven fire risk mitigation, detailed GPS
logging and future automation. By integrating those technolo-
gies, this proposal will not only improve short-term operational
efficiency but also ensure long-term sustainability in park man-
agement, allowing for better monitoring of the health of plants
and more effective mitigation of wildfire risks.

BM Park’s over 2,350 acres of rugged land have been facing
severe challenges in vegetation management and wildfire risk
mitigation due to its dense vegetation and highly diversified
terrain. Currently, park rangers and volunteers are forced to
rely on manual methods to monitor the vast majority of the
park to identify the areas that require planting, watering, or
attention for wildfire risks. However, these manual methods
are time-consuming, labor-intensive, and often unsafe, espe-
cially in the vast majority of the unwalkable areas. On top of
these challenges, BM Park is classified as a Very High-Risk
Fire Zone by Cal Fire,’ and thus there is an urgent need for
fire risk monitoring.

Given these challenges, traditional methods of vegetation
management and fire risk mitigation are no longer feasible.
Manual monitoring done by park rangers and volunteers can-
not keep up with the rapidly growing needs of the park, the
complexity, and the diversified terrains. The current approach
is to walk through the park’s massive terrain and rugged ter-
rains, check plant health status, identify invasive species, dry
plants, and locate areas of stressed plants and seedlings’ health.
This approach is not only highly labor-intensive but also dan-
gerous, especially when dealing with vast areas, steep slopes,
and vegetation-dense areas and invasive species.

Aware of the inefficiency of the manual approach and
given the rising challenges, I decided to develop a technical
solution to address these rapidly growing problems. In this
project, I propose a drone-based, Artificial Intelligence (AI),
and Geographic Information System (GIS) integrated system
to address the challenges of both vegetation management and
wildfire risk monitoring at BM Park. This integrated system
utilizes high-resolution drone imagery, GIS technology to map
out terrain, and Al-based analysis to automate the detection of
dry plants, invasive species, and fire-prone zones.

B Methods and Procedure

Traditional manual monitoring methods suffer from ineffi-
ciencies and safety concerns. A new system was designed to
address those limitations while also enhancing the overall ef-
fectiveness of park management. The methods used to address
the objective include Drone design, Al model design, and the
use of GIS for 2D and 3D terrain mapping.

Initial Planning and Setup:

The first phase involved an initial survey of the park to de-
termine areas with severe vegetation issues and wildfire-prone
risk zones. Based on the results, certain regions of the park were
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chosen for detailed study. Specific areas were selected based on
the presence of dry plants, seedlings, and high-risk fire zones.
Drone model and camera specifications were selected by con-
sidering the terrain and vegetation within the park.

Drone and System Setup:

The drone system was designed and assembled, including
four brushless motors and propellers, a Pixhawk flight con-
troller, a transmitter, and a GPS module. A high-resolution
camera was added to capture images and videos. The total
system cost was approximately $700. The frame and most of
the parts were purchased as a kit from the Holybro store and
Amazon. Some modifications were made to the foot stand
and camera mounting system to ensure stability and reduce
vibration. The drone system was programmed and calibrated
to enable stable flight and image capturing of the park (Fig-
ure 1). All necessary flight planning and control software were
installed to enable seamless operation of the drone. System
calibration was carried out to keep the drone stable in the air
and make sure the data I got was useful.

(b)
Figure 1: (a) Electrical diagram of the drone system, including four propellers,
a flight controller, a transmitter, a GPS, and a camera. (b) Complete system
after assembly. This drone system enabled stable flight and image capturing
of the park.

Flight Planning:

The project was conducted under the FAA’s recreational
drone flight rules. I completed the TRUST (The recreation-
al UAS Safety Test) certification and received approval from
local park authorities before flying the drone. The mission
planner software was set up to allow seamless autonomous
flights based on the specific flight path required to scan the
park regions. Test flights were conducted to determine drone
flight quality and performance during the missions. The flight
results were analyzed, and necessary adjustments were made to
improve flight performance.

Data Collection:

After configuring the flight path and optimizing the flight
parameters, the drone was deployed to capture images and vid-
eos of vegetation and fire-prone regions of the park. To ensure
the image quality, all flights were conducted in clear weather
with wind speeds under 10 mph. Field test confirmed that the
drone system is capable of continuously capturing images and
videos along the pre-programmed flight path.

(Figure 2). Images of the park regions were captured during
the flight missions, and the georeferenced GPS information
was recorded for each image location. The raw data were pre-
processed to ensure the images were properly aligned and of

good quality for the next phase of analysis. It was also ensured
that the drone flight covered all targeted areas by capturing
overlapping images during the flight to ensure full coverage
and no gaps or missing data in the images. This provided com-
prehensive data for image analysis using Al and GIS.

(a) (b)
Figure 2: (a) Pre-programmed drone flight path for scanning. (b) Drone
in flight. Field test confirmed the drone system’s capability of continuously
capturing images and videos along the pre-programmed flight path.

Data Processing and Analysis:

After finishing the drone flights, I checked all the photos
for clarity. Then WebODM 6 was used to make 3D terrain
models. It gave us a more direct view of the plants’ condition
and showed the places that may be in danger of fire. Next, I
marked the photos with precision by identifying dry plants,
small seedlings, and fire-prone sections. This labeled dataset
was then used to train the YOLO model.

AI Model Training and Deployment:

YOLO? (You Only Look Once) is a deep learning object
detection model known for its real-time performance. In this
study, the YOLO model was trained with those labeled pic-
tures, so the model learned how to see dry plants, seedlings,
and high-risk fire zones. After training, I compared the Al-de-
tected results with data from field surveys to check accuracy.
Additional training images and training cycles were added to
improve detection accuracy.

Automated Detection and Analysis:

When the model was ready, I used it on the drone photos
and videos. It could detect dry plants, seedlings, and possible
fire zones by itself, and give useful information for park work-
ers. Each detection was cut out as a small photo, and the GPS
location was also saved, so rangers can find the spot and check
or remove the risks later.

Final Mapping and Reporting:

Finally, I put all the data into GIS software to make 2D and
3D maps of the park. The maps showed where the plants are
dry and where the fire risk is higher. Rangers can use these
maps to inspect the whole park and decide what action to take.
All the maps were integrated with GPS coordinates recorded
by the drone. The 3D map gave a clearer view, so it helped
rangers to make better choices for managing plants and pre-
venting wildfires.

System Testing and Validation:
To test how well the system works, I flew the drones in dif-
ferent places in BM Park. The images were processed with the
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Al model and GIS, and then compared with manual survey
data. The system proved capable of detecting fire risk areas, dry
vegetation, and seedlings while its 2D/3D mapping function

enhanced the speed and efficiency of monitoring operations.

B Results and Discussion

System Efficiency Test:

To evaluate the system’s performance, I conducted a test
over a 10-acre area of the park. The drone flight speed was
reduced to Smph to ensure high-quality video and images. I
recorded the time it took for the drone to complete the scan
and compared it with the estimated time a person would need
to walk the same area while searching for dry vegetation or fire
hazards.

Our results indicate a tremendous improvement in efficien-
cy. The drone took only 18 minutes (0.30 hours) to scan the
10-acre area, while a human needed 110 minutes (1.83 hours)
to do the same, or a sixth of the time, as shown in Figure 3.
When scanning the entire 2,350-acre BM Park is considered,
the drone system could reduce the scanning time from rough-
ly 430 hours by a human to only 70.5 hours without even
factoring in the 1,554-foot elevation and unpredictable ter-
rain (Figure 4). The drastic reduction in scanning time solo
demonstrates the efficiency of the drone system in performing
large-scale vegetation management and wildfire risk mitiga-
tion tasks, which were previously time-prohibitive.
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Figure 3: Comparison of the time taken to scan 10 acres of park area. The
drone-based system drastically improved the efficiency of park monitoring
tasks, reducing the scanning time by at least five times compared with manual
surveys.
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Figure 4: Comparison of the time required to scan the entire BM Park. The
drone-based system can reduce the time needed to scan the whole BM Park
area by more than five times compared with manual surveys.

Full Coverage and Hard-to-Reach Areas:

One of the most significant advantages of the drone-based
system is its ability to scan previously unscannable, hard-to-
reach places. This is because traditional methods of manually
identifying fire risk areas, dry plants, and other vegetation man-
agement issues are limited by terrain and human capability,

especially in areas with steep inclines and dense vegetation. In
contrast, our drone is not limited by these obstacles and can
easily scan most hard-to-reach areas. The ability to scan hard-
to-reach areas ensures previously unidentified critical fire risk
zones, dry plant patches, and other vegetation management is-
sues can be identified without exposing rangers and volunteers
to danger.

Additionally, another advantage is that drone-based meth-
ods provide a continuous and uninterrupted stream of data and
analysis that can be used to monitor large areas. Drones can
cover vast areas and can be programmed to operate autono-
mously during the entire flight, allowing for more flexibility
and less human involvement.

Detailed and Accurate Data Collection:

In addition to drastic efficiency gains, the drone-based
system provides park management with more detailed and
accurate data. The high-res drone camera images and videos
are processed with Al and GIS to produce detailed 2D and
3D terrain park maps, which are used to monitor vegetation
health, distribution of dry plants/wildfire risk zones, seedlings'
location, and other characteristics. These maps allow remote
monitoring of the entire ecosystem’s vegetation health and
accurate identification of wildfire risk zones for timely miti-
gation.

More than 2,000 drone images were processed in this study.
2D and 3D terrain maps were created using WebODM and
QGIS software, for rangers to monitor the ecosystem/ wildfire
risks remotely and efficiently (Figure 5).
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Figure 5: 2D and 3D Terrain Maps generated from drone images. 2D and
3D Terrain Maps were created from the drone images using WebODM.

In addition, the Difference Vegetation Index (DVI) model
has also been applied to assess vegetation health (Figure 6),
which further improves its capability to indicate areas that
need further attention. The surface model was also produced
to display the 3D view of the terrain, which can show the
changes in elevation and other geographic features (Figure 7).
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Figure 6: The Difference Vegetation Index (DVI) of plant health. The DVI
model was created to show the vegetation health in the area studied.
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Figure 7: Terrain surface model. The model was created to show the changes

in elevation of the area.

AI Model Training and Detection:

Central to the system is the trained YOLO Al model, em-
ployed for real-time object detection on drone images. This
model was trained with a dataset of over 200 manually labelled
drone images and optimized by utilizing different data aug-
mentation and tuning the hyperparameters of the model to
improve the accuracy of the model, as shown in Figure 8. The
plot indicated consistent convergence of the model, supporting
the model’s robustness in detecting dry plants, seedlings, and
fire-risk spots.

Despite a relatively small dataset, the model demonstrated
100% accuracy in the detection of fire-risk spots and seedlings.
The accuracy demonstrates the efficacy of Al in determining
the critical spots in need of attention in wildfire management
and vegetation health.

The model also achieved over 80% accuracy in detecting dry
spots. This may be attributed to the large variation in the look
of plants due to the different plant and tree species in the park,
which can be improved by collecting additional data and fur-
ther training of the Al model.

The trained model was then used to examine the drone im-
ages to identify and mark the dry plants, seedlings, and the
fire risk zone, as shown in Figure 9. A cropped image of each
instance of the object was saved, along with the recording of
each GPS coordinate for further review and analysis, as shown

in Figure 10.
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Figure 8: Yolo model training plots. The plot indicated consistent
convergence of the model, supporting the model’s robustness in detecting dry
plants, seedlings, and fire-risk spots.

bk s B i A s i

Figure 9: Yolo model detection examples of fire risk spots/dry plants/
seedlings. The trained Yolo model identified and labeled dry plants, seedlings,
and fire-risk spots in drone images.
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Figure 10: Cropped image examples of fire risk spots/dry plants/seedlings.
The trained Yolo model generated cropped images of those detected objects in
the images for further analysis.

Real-Time Video Detection and GIS Integration:

The drone system can also analyze live video and, when
paired with GIS tools, gives rangers the information they need
to respond quickly. Having this kind of real-time feedback is
especially important for reducing wildfire risks, since it makes
it possible to catch problematic areas early and step in before
things get worse. The system also logs the GPS location of
each spot, turning observations into clear action points for park
rangers to follow up.

® Conclusion

This pilot project showed that the drone monitoring sys-
tem at BM Park functions as an effective tool for vegetation
management and wildfire risk assessment. The combination
of drone imagery with Al and GIS technology enables the
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park to handle land management tasks more efficiently while
detecting dry vegetation and fire danger areas with enhanced
precision.

The system delivers four main advantages in park man-
agement. First, the system enhances operational efficiency by
more than five times when compared to traditional manual
methods of park management. Park managers often face lim-
ited staffing and competing priorities, making it difficult to
conduct regular in-person inspections across large areas. The
system enables park rangers and volunteers to conduct rapid
inspections and access challenging locations, which enhances
their safety during operations.

In addition, the system enables real-time wildfire moni-
toring through its data collection capabilities, which helps
identify fire-prone areas before they become dangerous. The
system provides faster emergency responses through its auto-
mated monitoring system, which reduces the need for human
intervention.

The system also enables precise detection of dry plants and
seedlings, which leads to better resource management and en-
hanced vegetation care.

Furthermore, the system maintains the ability to expand its
operations to bigger park areas. The addition of automated
drones for watering and weed control in the future will en-
hance park management efficiency.

Overall, the system offers a functional solution to handle
vegetation management and wildfire prevention needs for ex-
tensive or hard-to-reach park areas. With proper training, this
system could also help identify illegal activities such as home-
less encampments and dumping, as well as assess the condition
of fencing and signage, concerns that are well-known in San

Diego’s open space parks.

® Acknowledgments

I would like to thank my parents and teacher for their won-
derful help and support throughout this project. Additionally,
I wish to express my appreciation to park rangers Mike Kel-
ly, Del Brooks, and Cindy Burrascano, from Friends of Los
Pefiasquitos Canyon Reserve, for their support on this devel-
opment project.

B References

1.Turner, D.J.; Malenovsky, Z.; Lucieer, A.; Turnbull,J. D.; Robinson,
S. A. Optimizing Spectral and Spatial Resolutions of Unmanned
Aerial System Imaging Sensors for Monitoring Antarctic Vegeta-
tion. IEEE J. Select. Top. Appl. Earth Observ. Remote Sens. 2019, 12
(11),3813-3825.

2. Zhang, Y.; Wang, Y. Applications of UAVs in Wildfire Risk As-
sessment. Int. J. Remote Sens. GIS 2020, 13 (4), 285-302.

3. Lelis, C. A. S.; Roncal, J. J.; Silveira, L.; De Aquino, R. D. G
Marcondes, C. A. C.; Marques, J.; Loubach, D. S.; Verri, F. A.
N.; Curtis, V. V;; De Souza, D. G. Drone-Based Al System for
Wildfire Monitoring and Risk Prediction. IEEE Access 2024, 12,
139865-139882

4. Afghah, F; Razi, A.; Chakareski, ].; Ashdown, J. Wildfire Mon-
itoring in Remote Areas Using Autonomous Unmanned Aerial

Vehicles. IEEE INFOCOM 2019 - IEEE Conference on Computer

Communications Workshops (INFOCOM WKSHPS), Paris, France,
2019; pp 835-840. DOI: 10.1109/INFCOMW.2019.8845309.

5. U.S. Department of the Interior, Bureau of Land Management.
Fire Management Plan for Black Mountain Open Space Park; U.S.
Government Printing Office: Washington, D.C., 2016. Retrieved
from www.blm.gov.

6. OpenDroneMap. WebODM User Guide. OpenDroneMap Docu-
mentation. Retrieved from www.opendronemap.org/webodm.

7. YOLOv5 Documentation. You Only Look Once: Real-time Ob-

ject Detection for Drones. Retrieved from https://github.com/
ultralytics/yolov5.

m Author

Austin Zhang is a passionate hiker and biker at Black
Mountain Open Space Park. He has always been deep-
ly involved in environmental initiatives. Since 2024, he has
worked alongside the nonprofit organization Friends of Los
Pefiasquitos Canyon Preserve, contributing to surveys and
volunteer-led restoration projects. In addition, he coordinates
student volunteers from the San Diego Sustainable Environ-
mental Engineering (SEE) Club, DNH Youth Build Club,
and the Youth Care Club (YCC) in these efforts. Together,
they completed approximately 20 sessions, contributing over
700 volunteer hours towards nature restoration efforts.

DOI: 10.36838/IJHSR813.1



