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Abstract - Short or long period of observation from bird's eye view and environment Monitoring is very crucial job nowadays. 
Urban wilderness search and feedback response require a large number of sensors, a wide range of work and processing power 
for a huge region of an environment. An unmanned aerial vehicle mounted with a single camera from the position to observe 
the bird's eye view can be a promising platform which offers aerial image and can the alternate solution of remote monitoring. 
Due to cost and weight limitations associated with UAVs payload, confining to camera-based technologies are the feasible 
choice. This paper presents real-time multi-object detection and tracking algorithm from UAV camera using both onboard 
device and distant ground station. Later, the comparison between the tracking from onboard and ground station is offered in the 
paper. The system was tested with multiple trials in the outdoor environment, from heights of 3 m to 30 m. It can detect objects 

from closer distance like to less than 1 meter to longer distance of 50 meters. The comparison and results show that the system 
is highly dependable and robust. 
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I. INTRODUCTION 

 

The recent growth in the availability of small 

commercial Unmanned Aerial Vehicle (UAV) has 

influenced the advancement of various applications. 

These applications stretch out to the improvement of a 

wide range of sorts of UAVs, both fixed wing and 

multirotor platforms, for the purpose of aerial 

monitoring, object detection, and image processing 

[1]. "Significant research has been conducted on aerial 

robotic platforms [2, 3, 4] as well as expanding the 

area of operations for these small-scale UAVs for 
remote sensing [5, 6, 7, 8, 9]. One of them is Aerial 

Monitoring using target detection and image 

processing is to locate a target source from above [10, 

11, 12]. Computer vision based detection is an active 

research field that has already seen various 

applications to UAVs, such as navigation [13], 

stabilisation and localisation [14], feature tracking 

[15], SLAM [16], collision avoidance [17] and 

autonomous landing [18,19]. Computer vision became 

familiar with the rise of feature descriptors [20-21] 

(SIFT, SURF) which were used as the primary 
techniques to solve computer vision problems. Then 

feature descriptors was combined these with the 

traditional ML algorithms which include Support 

Vector Machines (SVM) and K-Nearest Neighbors. 

Some of the researchers had been working on learning 

models by learning of image features. These models 

represents the property of multiple layers of 

non-linearity. This important property leads to the 

development of the first AI based vision models. 

Restricted Boltzmann Machines (RBM) [22], Deep 

Belief Networks (DBN) [23] and Stacked Auto 

encoders [24] are the fruitful result of the work for the 
small datasets. Deep learning method to detect the 

object is popular now a days. 

In this paper, we introduce the drone our custom-made 

structural design, on board embedded tracking system, 

ground system based tracking system and comparison 

between them. We used single shot multibox detector 

algorithm [25], to train model for detect the target we 

used meticulously selected almost 4000 image dataset. 

 

II. FLYING PLATFORM DESIGN 

 

Similar dimensional and infrastructural drone is 

fabricated according to the cad design from the figure. 

One single camera is mounted below the system get 
the bird’s eye view. 

 

 
Fig 1. CAD design of drone with single-camera mounted 

 
PX4 platform is used to control the drone navigation 

from ground station which is an open-source autopilot 

system oriented toward inexpensive autonomous 

aircraft [26]. The whole system is less than 1.5 kg 



International Journal of Electrical, Electronics and Data Communication, ISSN(p): 2320-2084, ISSN(e): 2321-2950 

Volume-6, Issue-9, Sep.-2018, http://iraj.in 

Live Multi-Target Detection using Single Camera-Equipped Unmanned Aerial Vehicle 

 

2 

designed to cover vast area for long run. The purpose 

of the UAV system developed in this study is to find 
targets. For the task, the drone needed to have a 

suitable frame structure that is enough to 

accommodate the necessary payload in the fuselage 

space. For long-range missions, the vehicle 

configuration and material required to exhibit the good 

aerodynamic performance and qualitative structural 

strength [27]. All the conditions are mostly considered 

while designing the aircraft. 

 

 
Fig 2. Drone taking off from ground, follow the designated 

waypoint and looking for objects 

 

III. SYSTEM ARCHITECTURE 
 

A communication system is established to connect the 

UAV with the ground station. Using the fight control 

system of Pixhawk autopilot module, the UAV can 

takeoff and follow the path waypoint automatically 

according to the designated route. 

 

A. On-Board System 

This system is takes the aerial footage and feed the 

data to the onboard tx1. The detection result frame 

with name and confidence percentage later sent to 
ground station. 

 
Fig 3. On board Target detection System 

 

In this process, TX1 is responsible to process the 

whole algorithm and stream the data in similar 
network. Ground station which is connected with the 

similar network receive the stream data and display the 

results in frames. From the monitoring result, it is also 

possible to get detected target name, confidence and 

notification. 
 

B. Ground Station System 

Whereas onboard system performs all the work by 

itself, in this system onboard device performs the job 

partially. On board device is responsible to stream the 

captured image data. A real-time imaging process and 

transmission system setup was established on the 

UAV to the ground station. GPU based ground station 

receive the data and the algorithm use gtx 1080 GPU 

system to process the raw image data. Later, the 

detected target is displayed with name and confidence 

in the monitor of ground workstation. Since gtx 1080 
is very powerful system detecting object or target is 

faster and smoother in this system. 

 

 
Fig 4. Target detection using GPU-based ground System 

 

IV. DATA ACQUISITION & PREPARATION 

 

The model used for target detection that contains three 

classes of object. To obtain a nice model we gather 

almost 1500 image dataset for person, 700 for 

flame/fire and 500 for car. All this data contains wide 

variations in angles, scale, brightness etc. Then using 

labelimg all image data is annotated with 

meticulously. Annotation means we specified xmin, 

ymin, xmax and ymax of the target in the images. 

 

 
Fig 5. Total loss with respect to number of steps 

 

Then all the image dataset along with the annotation 

files are passed to the model for training. After the loss 

came down near to almost 1, we used to model in both 
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on board embedded system and ground station. The 

figure of total loss graph is taken using tensorboard. 
 

V. EXPERIMENTAL RESULTS & DISCUSSION 

 

The result from the bird’s eye view detecting fire from 

different angle is shown in the figure 6. For this 

experiment we initiated a small range fire in outdoor 

environment taking all cautious steps at nightly 

environment. The drone was above 1 meter and was 

able to detect the fire from 1 meter to 10 meter 

distance. 

 

 
Fig 6. Detecting Fire from different angle and positon 

 

The experimental result for detecting person is shown 

below. Both system shows similar results and closer 

confidence percentage 
 

 
Fig 7. Person tracking - 30 meter above from the ground 

 

The experimental result for detecting car is shown in 

four consecutive time frames. 

 

 
Fig 8. Detecting car shown from above. 

 
The result also shows detecting person, car and flame 

altogether. Comparison graph between onboard and 

ground station system with respect to processing time. 

The bars in the graph represents the processing time 

delay to detect one object. 
 

 
Fig 9: Processing time comparison 

 

From the chart figure, it is evident that ground station 

system takes less time to track down the similar 

objects. Since there’s involvement of lots of image 
processing data, on board tx1 device takes longer time 

than GTX 1080. 

 

CONCLUSION & FUTURE WORK 

 

In this paper, the algorithm and model used on both 

on-board and ground station device can proficiently 

detect important objects like flame, fire, person, car, 

tree plant, boat etc. The model is prepared for multiple 

object detection. But in case of object tracking from on 

board device system due to lack of processing power, 
there is average 1.2 sec delay even though the 

performance is same. In case of tracking from ground 

station the performance and computing speed is very 

high. This system can be used in future to give 

important object alert notification, follow specific 

object, auto landing maneuver and autonomously 

navigate avoiding obstacles. 
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