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ABSTRACT— With increasingly advanced technology, drones [1- 11] become popular and applied in many 

fields, in which agriculture is a large area that digital mapping platforms are very focused on. We apply drones 

to collect image information, GPS, IMU sensors on a large scale, from which to combine into a digital map 

system (Ransac, Mosaic, Stitching.). The vegetation spectral indices separated from the near-infrared, infrared 

and red bands are intermediate parameters from which different characteristics of vegetation such as biomass, 

index can be seen. leaf area, photosynthetic capacity, and total seasonal biomass products that plants can 

produce. These characteristics are related and highly dependent on the type of vegetation cover and weather, 

physiological, biochemical and pest characteristics… Approximate technology for monitoring the 

characteristics of different ecosystems to recognize standard forms and comparisons between them. From this 

data, we evaluate the quality of plants through the Normalized difference vegetation index (NDVI), in 

addition, we use the Object detection (Yolo) model to classify plants, animals, and forest fires on the data 

map. 
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1. INTRODUCTION 

From the actual need for large-scale monitoring, we recommend the drone, here we define the quad-rotor 

because of the advantages of flexibility, easy integration of our development platforms such as: 

- Realtime Camera 

- Sensor for motion of drone: IMU, GPS, laser distance measurement 

- Pixhawk controller 

- Mini Raspberry Pi 

- Enviroment sensors: temperature, humidity, light, PM 2.5 
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Fig 1. Drone Model 

 

 
Fig 2. Formula Forces/Direction 

 

NVDI 

The Normalized Difference Vegetation Index (NDVI) is a standard algorithm designed to estimate the quality 

of terrestrial vegetation by measuring reflectance at visible wavelengths of red (or blue). and near-infrared. 

𝑁𝐷𝑉𝐼 =
NIR−Red

NIR+Red
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Fig 3. The color of leaves 

 

Botanical indices are widely used to: 

- Determine the density distribution 

of vegetation 

- Track crops and forecast yields on a 

regional scale 

- Assess the growth and development status 

of plants 

- Data base to forecast pests, drought, yield 

area and crop output 
 

 

 

2. Data and Method 

 

2.1 Design of monitoring system with NVDI technology 

To build a complete farm monitoring system, we need functions such as: automatic orbital flight, information 

collection, information transmission to the central system. Therefore, our system will include: 

- Flight monitoring system (IMU, GPS tracking with map) 

- Information collection system (Camera, Sensor) 

- Communication system (4G/5G, RF 2.4-5GHZ)  

 

Overall functional block diagram of the system 

Basic about drone will include motor, esc controller, main controller, battery, RF part, Sensor motion part. 

For ease of visualization, let's see the block diagram as follows: 
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Fig 3. Block diagram of drone system 

 

2.2 Flight monitoring system: 

- Pixhawk/Raspberry collects sensor information from GPS, IMU from there following the trajectory 

installed from the digital map on the user's computer. 

- Data synchronization is done simultaneously via RF device and 4G/5G module, making the system 

easy to operate in areas without phone signal. 
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Fig 5. Setting up the flight mode at the soccer field 

 

2.3 Data collection system 

- We use Raspberry to collect sensor data series and camera images. Images from the camera can be 

collected from the python function combined with OpenCV, the sensors are collected via Raspberry IOs from 

the WiringPi library. 

 

 
Fig 6. Image from the NIR camera 
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2.4 Signal communication system 

- Data transmission is very important because the processing capacity of Raspberry cannot meet 

realtime. 

- Here we use two data channels: 

- RF 2.4-5GHZ: used for offline mode because of its ability to operate regardless of BTS signal, but 

limited in communication bandwidth, high-bandwidth devices are very expensive. Since the bandwidth is 

limited, we need a parallel signal that is a 4G/5G module from the BTS station. 

- Module Simcom7600 well supports the ability to transmit images and videos. We tested the VINA & 

VIETTEL system bandwidth +20/40Mb, while the stream function only stays at ~1-2Mbps depending on the 

image size we set. FFmpeg is a good library to use in this article, because the ffmpeg function helps to reduce 

transmission load. 

 

 
Fig 7. a) Raspberry, 4G module, Watchdog &battery 

 

 
Fig 7. b) Test bandwidth III Image data processing system 

 

- The image data processing system, the acquired sensor is the central computer; help reduce the load on 

Raspberry Pi. Each image will be provided with GPS/IMU information and Enviroment (if needed). Data is 

transmitted via TCP/UDP to the central computer to combine data on digital maps, measure measurement 

statistics, process object recognition by AI tools. 

 

- Concatenate data and overlayout onto the digital map. 

- - Building a digital map requires us to combine small images that have something in common. In this 

paper, we apply Stitching of OpenCV to perform. 

- - Step1 Enhancement: helps to improve the quality of the input image. 

- - Step 2 SURF-ORB: retrieve image feature points. This is the point used to stitch together photos. 

- - Step 3 KNN Alorithm: group of common points, which is a characteristic of the KNN algorithm. 

- - Step 4 Euclidean Distance: calculate threshold parameters. 
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- - Step 5 Ransac Purifictation to refine the data 

- - Step 6: Collage result 

 

 
Fig 8. Flowchart of Stitching method 

 

2.5 Experiment and results of grafting process 

First, we need to set up the flight path (a), and collect images from the Raspberry Pi (b). All these images (b) 

will be composited (c) and converted to NDVI (d). We see the results below. 

 

                  
a) Flight map     b) Photo obtained

          
c)   Photos collage                                       d) Image in the NDVI system 

Fig 9. Image collection and image stitching process. 

 

2.6 Handling object recognition 

We have many different methods for object recognition, in this paper we apply the Yolo v3 model with fast 
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deployment and good response speed. 

The reason for using neural network model to solve the problem: 

o Processing to an NDVI map will definitely bring errors 

o Existing any objects or areas in nature with properties and ability to reflect light rays similar to plants 

o These confused objects and areas are purely random and all other conventional methods require one 

or more features required for filtering and classification. 

 

Train and use a YOLOv3 [12] model to detect mistaken non-vegetation areas in the NDVI map (NDVI index> 

0) 

 

 
Fig 10. a) Yolo v3 with NDVI solution 

 

 
Fig 10. b) Parameter for method 

 

Using the collected images, we classify plant & non-vegetal samples; conduct training to apply to the system 

model. 

 

 
Figure 11. a) Dataset collection and preparation: dataset includes 28 images divided in 80:20 ratio including 

80% train (22 images) and 20% valid (6 images) 
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Figure 11 b) Results after training 

 

 
Fig 11. c) Evaluation of HSV filter results with Yolo method 

 

4. Conclusion and discussion 

By designing a drone model with the following features: fly according to the map, collect image data, sensor 

and process data; we can easily collect photo data, preliminary assessment of crop health, health map statistics 

over time; We can assess and determine the cause of certain effects on the overall condition of the plant. In 

this article, we do not go into the health status of crops, but in the future, we will cooperate with agricultural 

engineers to build evaluation function functions, not stop at important statistics. monitor and develop stronger 

object identifiers such as: statistics on plant and fruit species; forest fires, loggers, wild animals.  

 

The limitations of human resources as well as funding prevent us from evaluating the identification model in 

detail on a large scale because of poor camera quality and high-bandwidth professional communication 

equipment (10km Realtime 4K/60). frame/s); In the future, we will fix and upgrade the software base to build 

a standard collection system for the agricultural platform. 
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