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This project aims to develop a human detection model that 
can be used by drone cameras to detect victims in a search 
and rescue simulated environment. The YOLO object 
detection model was used and finetuned to detect human 
victims, and then tested on with drone videos taken of 
humans in a local forested park. The human detection model 
performed an average accuracy of 92.50%, precision of 
97.97.11%, and recall of 95.26% over 268 seconds and 5494 
frames of video.

Ideally, the percentage of human victims in an environment 
that are found should be 100 percent. However, this 
becomes a difficult task even for humans to detect all 
people in a drone video, so a recall of 95.26% is 
acceptable, especially as this CNN can be further finetuned 
for improvements.

Some things to note about the results of the project:Some things to note about the results of the project:
- Odd poses for humans are hard to detect, such as lying 
down, crouching etc.
- Obstructed views of the humans where the full bodies are 
not completely shown are also hard to detect.
- Howeve- However, faces on the human if detected increases the 
probability of detecting the human, regardless of pose or 
obstructed parts      

With search and rescue missions being incredibly time With search and rescue missions being incredibly time 
sensitive, this research paper aims to ensure victims’ 
survivability by  building an autonomous drone that will fly to a 
disaster area, survey the area to detect human victims, and 
return approximate GPS locations of the victims, resulting in a 
faster search time for the mission. The annual number of 
search and rescue (SAR) operations in the United States is 
over 100,000 (Adams, et al., 2007) and generallover 100,000 (Adams, et al., 2007) and generally, these 
missions are complicated and time consuming because of the 
difficult weather terrain in those areas. Most sources state 
that the most critical time of a SAR mission is during its first 
72 hours (Erdelj et al., 2017), and some studies cut down this 
time even further to 24 hours (Arnold et al., 2018). In a study 
analyzing over 1000 rescue missions, the survival rates of 
these missions drop exponentially after the first 18 hours of these missions drop exponentially after the first 18 hours of 
the mission and are near 0% after 20 hours (Adams et al., 
2007). SAR missions are an extremely time sensitive 
operation, and the traditional procedure of deploying rescuers 
via helicopter is more time consuming and less cost efficient. 

UAVs (Unmanned Aerial Vehicles) have the ability to 
accelerate the search and rescue process by obtaining an 
overview of the area and scanning for potential victims. This 
minimizes the amount of area that needs to be searched for, 
and rescuers can spend their time on areas that are likely to 
have people. Additionally, the process of deploying SAR 
workers in helicopters and traveling long distances puts the 
rescuerescuer’s life in danger as well, especially in earthquake 
response situations, due to the potential of aftershocks 
(Cubber et al., 2017). Currently, search and rescue 
operations need to be done faster and more carefully to 
ensure the safety of victims and rescuers. The use of drones 
for search and rescue operations has been implemented 
recently, but only for large police departments such as the 
NewNew York Police Department (Lardieri, 2018). In addition, 
these drones are not autonomous, and require trained police 
officers to fly them.The drones used (DJI M210 RTK) are also 
extremely expensive, costing over $2,000. This limits the use 
of drones in smaller police departments, where resources are 
scarcer. An autonomous drone will not require trained police 
officers to operate and can be produced at a lower cost, 
allowing it to be more accessible and eallowing it to be more accessible and efficient for search and 
rescue events. 

The original YOLO research paper was published recently 
in 2016, and it was revolutionary, as it was faster than 
existing object detection models at the time. Many uses for 
object detection and YOLO have been accomplished, but 
not many focus on the issue of search and rescue. 

This project is a beginning to using autonomous drones This project is a beginning to using autonomous drones 
coupled with fast object detection models such as YOLOv3 
in search and rescue missions. Because SAR missions are 
so time critical, reducing human resources and replacing 
them with engineered algorithmic approaches becomes 
extremely valuable because computational solutions are 
more efficient than using human resources.

The goal is to test the feasibility of building such an 
autonomous drone and analyze its performance for detecting 
human victims in search and rescue environments. The 
drone’s performance will be determined by accuracy, 
precision, and recall. Recall is emphasized because of it’s 
importance for rescuing all search and rescue victims.

In the future, the goal will be In the future, the goal will be 
to create an end to end 
autonomous drone that will be 
able to fly to GPS waypoints 
using sensor estimation, 
controls, and the A* path 
planning algorithm. There, the 
drone will be able to run the drone will be able to run the 
YOLOv3 modified algorithm 
on an onboard GPU computer 
(NVIDIA Jetson Nano) and return points of interest where 
the algorithm has detected humans. 

In terms of the algorithm, future research would include the In terms of the algorithm, future research would include the 
feasibility of using transfer learning on YOLOv3 to train the 
CNN with aerial video datasets from the Stanford Computer 
Vision and geometry lab. The model could also be trained 
to detect specific human qualities, such as survived or 
dead, to prioritize to the search and rescue missions which 
humans to save first.
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Potential drone: Holybro QAV250 
with PX4 flight controller.



Command line output for running YOLOv3 
by running the command file created:
      research <video file name> 
in the correct folder where the research.cmd file was placed. The 
command line will print out the layers of the CNN, and play the video with 
the bounding boxes which will be saved into a folder called output.

Network 
architecture  
for YOLOv3

13 video clips were 
recorded in total, with a 
total of 268 seconds and 
5494 frames of video. 
Each video was ran by 
the modified YOLOv3 
CNN for human detection

A collection of volunteers were gathered at 
local Pine Lake Park in Sammamish, 
Washington to record 13 to 25 second 
videos of a slightly forrested area, to mimic 
a potential search and rescue environment.

Software Downloaded (top left to bottom right): 
cuDNN, CMake, CUDA, Windows 10, OpenCV, 
Visual Studio 2019

Example of YOLO running on a webcam

Pine Lake Park -Sammamish Parks and 
Recreation

MODIFICATIONS TO CODE

SOFTWARE REQUIREMENTS

HUMAN CLASSIFICATION MODEL
The YOLOv3 object detection convolutional neural network (CNN) trained 
on the COCO dataset was used as the basis of the human detection 
model of the experiment.

The github repository for darknet (containingThe github repository for darknet (containing YOLO networks from Joseph 
Redmon) modified for Windows 10 by user AlexeyAB was used as a 
starting point for the procedure. To compile the existing code, the 
presented software was downloaded in the following order: Windows 10 
Professional Edition Version 1903 on a Razer Blade computer, Visual 
Studio 2019 (C++ / C IDE), CMake (compiling software), CUDA (GPU 
supporting programming model), OpenCV (computer vision library), and 
cuDNN (CUDcuDNN (CUDA Deep Neural Network library).

This project focused on human detection rather than object detection so 
the code for YOLOv3 was modified to only recognize humans. The 
following files were created or modified for this application: rescue.names, 
rescue.data, and image_opencv.cpp. Additionally, commnand files were 
written to run the human detection on a video file and output a video file 
with the detected bounding boxes. Another command file was created to 
demo the original YOLOv3 detection model on a webcam. All code can be 
found at https://github.com/Minh-An/darknet.found at https://github.com/Minh-An/darknet.
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AUTONOMOUS DRONES FOR SEARCH AND RESCUE

For this project, the accuracy, precision, and recall of the human detection 
algorithm on all humans in the scene of the video was measured. The 
definitions of precision and recall and  mentioned below. Recall was the 
most significant result because it signified how many search and rescue 
victims would be missed by the model. To calculate each of the three 
variables for each video, the accuracy, 
precision, and recall of the bounding boxes 
were counted for each second of the video 
and then averaged. The total average is 
from all seconds of every video. 
Accuracy:  True Positives + True Negatives
                               All 
Precision:             True Positives
              False Positives + True Positives 

Recall:                True Positives
              False Negatives + True Positives 
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