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Malaysia's agricultural activity is progressing toward the use of precision agriculture 
and Internet of Things (IoT) technology as the country moves forward with the adoption 
of Industrial Revolution 4.0. As a result, a novel approach based on spatial and thermal 
analysis is proposed and presented, along with a low-cost thermal and 
photogrammetric modelling workflow. As a result, the purpose of this project is to 
monitor durian orchards using drones equipped with thermal and red-green-blue (RGB) 
digital cameras. Thermal maps are presented to demonstrate the relationship between 
vegetation and soil temperature, and digital imagery from an early stage of preparation 
in the orchard is analysed for overall management system improvement. The findings 
indicate that the uneven ground surface of the orchard may have an effect on the 
irrigation system and crop yield production. Thermal imaging also reveals variations in 
soil temperature that are related to soil humidity. A well-managed orchard is essential 
for ensuring that the crop grows in a healthy state.  The data acquisition and processing 
part of this workflow are being tested in Alor Gajah Smart Durian Orchard Management 
Project, Melaka, Malaysia. 
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1. Introduction 
  

Smart farming is a new concept that refers to the management of farms using technologies such 
as Internet of Things (IoT), robotics, drones, and artificial intelligence (AI) to increase the quantity 
and quality of products while optimizing the amount of human labor required for production. The 
Internet of Things (IoT) in smart farming technology refers to the concept of connected smart 
machines and sensors installed on farms to make farming processes data-driven and data-enabled. 
Simultaneously, drones or unmanned aerial vehicles (UAVs) can be integrated for monitoring and 
analysis in addition to crop spraying and planting from the air.  In general, unmanned aerial vehicles 
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have been used extensively in precision agriculture. In Malaysia, there are an increase trends of using 
agriculture drones in various places. Durian plantation management and rice crop monitoring using 
unmanned helicopter, multirotor UAV and RGB digital camera at various stages of plant growth have 
been extensively researched and applied. There have been a lot of studies on the use of a new type 
of a low-weight unmanned aerial vehicle (UAV) imaging system in the precision agriculture. Drones 
from various manufacturers, mostly from China (DJI) and France (Parrot) are used, which are 
relatively inexpensive and can be easily operated even by a novice pilot. The use of drone technology 
can provide farmers with information on plant health, counting and height measurement. The 
information can also be used in yield prediction, soil and drainage mapping and even stockpile 
measurements, among other things. These agricultural drones can be equipped with RGB, 
multispectral or thermal cameras to capture the traditional red, green blue values, near infrared and 
red-edge spectrum values, which is used to process and analyze vegetative indexes such as 
Normalized Difference Vegetation Index or NDVI maps. Typical RGB images from the field can also be 
stitched together using photogrammetric methods to create orthophotos, and integrated with the 
Geographic Information System (GIS) for spatial data collection, management and analysis [1-15].   

Thermal imaging has the potential to be used in many agricultural operations, including assessing 
seedling viability, estimating soil water status, predicting crop water stress, planning irrigation, 
determining disease and pathogen affected plants, evaluating fruit yield, and assessing crop maturity 
[16-19]. 

 

 
Fig. 1. Three stages of Smart Durian Orchard Management 

In this project, smart farming technology in a five acres plot of durian orchard in Alor Gajah is 
selected to be managed at three different stages, as shown in Figure 1. The objectives of the first 
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stage are to develop and incorporate a systemic drone system that can be used in as part of an 
effective approach to sustainable agricultural management, allowing agronomists, agricultural 
engineers, and farmers to help streamline their operations while gaining effective insights into their 
crops through robust data analytics. This comprises high-resolution photos and information 
technology. This is followed by the development of a smart irrigation and fertilizer control system 
based on soil moisture, soil pH and environment humidity. To assess the system's performance, 
research is currently being conducted by collecting data from the air and on the ground. The second 
stage involves the development of an Internet of Thing (IoT) platform for agricultural data collection. 
An interactive dashboard system for precision agriculture monitoring and data exchange will be 
integrated and tested. The final stage will be the development of smart fertigation and pesticide 
system which will enable the analysis of psychochemical composition of soil through NPK (nitrogen, 
phosphorus, and potassium), heavy metal and toxicity tests. The analysis will include mechanical, 
chemical, and material testing to ensure that the fertilizer samples are nutrient-dense and suitable 
for use as green durian fertilizer. Thus, this paper presents the first stages toward the development 
of the smart durian orchard project. At this stage, the outcome of land clearing and preparation for 
the irrigation project using RGB and thermal imagery data from various drones are presented.   
 
2. Methodology  
 

A five-acre smart durian orchard management project in Alor Gajah, (2.341°N, 102.206°E), as 
shown in Figure 2 is part of a smart farming program coordinated by the Robotics and Industrial 
Automation Research Group, Universiti Teknikal Malaysia Melaka. The flights are carried out by using 
DJI Phantom 3 Pro, DJI Spark and Parrot Bebop Thermal [20-22]. The overall workflow for the 
monitoring process consists of a pre-flight software, three drones, and software for image and video 
post processing. Red-green-blue (RGB) and thermal images are acquired and processed at this stages. 
The results are combined into a comprehensive data management system for further usage in the 
Smart Durian Orchard Management Project.  
 

 
Fig. 2. Location of the project 

 
Table 1 shows the drones’ used and the entire process flow in the first stage of the project, which 

was conducted from September until the end of 2020. 
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Table 1  
Drones’ specification and workflow for the smart monitoring process 
 DJI Phantom 3 Pro 

 
 
 
 

DJI Spark Parrot Bebop  
 

Flight Time  23 minutes 16 minutes 23 minutes  
Range  5000 meter 2000 meter 300 meter 
Top Speed 16 m/s 13 m/s 17 m/s 
Positioning  GPS/GLONASS GPS/GLONASS GPS/GLONASS 
Size 290 x 290 x 195 mm 143 × 143 × 55 mm 381 x 330 x 88 mm 
Weight 1280 g 300 g 500 g 
Image 
Resolution  

12 MP 12 MP 14 MP 

 
Drone 
Monitoring 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 
2.1 RGB Imagery 
 

Drone Deploy and Dronelink software are used to capture RGB images in the DJI Phantom 3 Pro 
and DJI Spark, respectively.  They are set to fly in an autonomous mode according to a pre-set flight 
plan, which has been created according to the area of study. The pre-flight software allows the flight 
plan to include setting a take-off location, a start waypoint, and a landing or home waypoint 
according to the available flight time. The RGB camera in the DJI Phantom 3 pro has effective pixels 
of approximate 12.1 megapixels at 94° angle-of-view lens. The camera system features video 
recording at up to 4K30 (4096 x 2160) in H.264 and also takes JPEG and DNG RAW photos at 12MP. 
The Phantom 3 pro drone took 85 geo-tagged photographs in a 13-minute flight, with 80% image 
overlap from an altitude of 90 meter. The Spark drone took 77 geo-tagged photographs during a 9-
minute flight with 80 percent image overlap from an altitude of 50 meter. The RGB images are 
captured with a spatial resolution of 1.4 cm. The images for the first and second flight plan covering 
5 acres of the orchard are shown in Figure 3 and 4.   
 

RGB Data Processing and 

Analysis                                

(Agisoft Metashape and 

Global Mapper)   

RGB Image Acquisition             
(Drone Deploy) – DJI Phantom Pro 

(Dronelink) – DJI Spark 

Thermal Image Acquisition        
(FreeFlight Thermal) 

RGB Imagery Thermal Imagery   

Thermal Data Processing 

and Analysis                                 

(FLIR Thermal studio)   
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Fig. 3. DJI Phantom 3 Pro images at the entrance and the middle of the orchard. Image taken in 
9th September, 2020, 11 a.m. at an altitude of 90 meter 

 

                       
Fig. 4. DJI Spark images at the entrance and the middle of the orchard. Image taken in 15th 
November, 2020, 3 p.m. at an altitude of 50 meter 

 

ENTRANCE AREA MIDDLE AREA 

ENTRANCE AREA MIDDLE AREA 
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Fig. 5. The digital surface model (DSM) of the orchard 
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Fig. 6. The 2.5 digital model image taken by DJI Spark in 15th November 2020. Note the view 
of smart water sprinkler system preparation from above 

 
The photogrammetric image-processing stage starts with the removal of poor-quality RGB 

images, these included blurry images due to flight motion, those out of focus, images captured 
outside the study area or duplicate images. The remaining images are then processed in the RGB data 
processing. In the RGB data processing, structure from motion (SFM) algorithms are used to mosaic 
the imagery and align it with geo-referenced points using Agisoft Metashape post-processing image 
software. The software automatically aligns the images and creates point cloud models of the surface 
for each set of images. It enables the creation and visualization of a dense point cloud model based 
on estimated camera positions, which can then be combined into a single dense point cloud. For 
mosaicking the images, the software offers a user-friendly process. Using the photo aligning function, 
the imagery is added and aligned. The imagery then uses the build dense cloud function to create 
and visualize a dense point cloud model based on the estimated camera position. It calculates the 
depth information for each camera so that a single dense point cloud can be created [23-24]. Due to 
poor texture of some scene elements and noisy or poorly concentrated images, the geometrics of 
the map are reconstructed using the build mesh function. The images are combined to form a 
mosaicked orthophoto image, which is then exported as a texture. Finally, the mosaicked orthophoto 
generates a digital surface model (DSM), which is imported with the orthoimage to generate the 2.5 
digital models. Figure 5 and 6 represent the digital surface model (DSM) and the designated area of 
study, taken from the drones. Further analysis has been conducted by using Global Mapper 
geographic information system software package, which is used to process elevation layer in 
generating contours for measuring height differences 
 
 
 
 



Journal of Advanced Research in Fluid Mechanics and Thermal Sciences 

Volume 91, Issue 1 (2022) 115-128 

 

122 
 

2.2 Thermal Imagery 
 

The Bebop drone has been used to capture the thermal imagery, using the FLIR-One Pro camera. 
It is a thermal infrared camera, featuring a thermal sensitivity needed to detect temperature 
differences down to 70 mK. This camera can capture video footage as well as still images, allowing 
the creation of thermal maps for later temperature analysis. The camera can capture thermal images 
with a resolution of 19,200 pixels and measure temperatures up to 160°C. Depending on the mission, 
the drone could fly between 40 and 150 meters above the ground. The operator can stream and 
record from both the embedded visual camera system, and the FLIR ONE Pro camera, from the drone.  
FreeFlight Thermal software has been used in capturing the thermal images. 
 

 
Fig. 7. The thermal imagery of the orchard, at the entrance and the middle of the orchard, taken in 8th 
December,2020, 5 p.m. at an altitude of 110 m 
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The drone also allows the operator to switch between the two cameras.  In monitoring the area 
of study, three different color pallets for thermal imaging are included, and either one can be applied 
to the recorded thermal footage and exported to a standard video format. The first pallets are the 
standard pallets, which displays the absolute temperate of everything in the footage, from 10 to 
160oC. The second color pallet is the hotspot pallets, which highlights the hottest temperatures in 
the video footage. The last color pallet is the dynamic pallet, which automatically rescaling the 
temperature depending on the minimum and maximum temperature range. Figure 7 shows the 
thermal imagery from the bebop drone, portraying the orchard from above using the RGB, hotspot 
and dynamic color pallet. 
 
3. Results and Discussion    
 

This section presents the results of the thermal and topographic landscape map at the orchard. 
The topographic map revealed a detailed and precise graphic representation of natural features such 
as roads, tracks, houses, contours, elevation, and plants on the durian orchard ground. The general 
topography of the study area divides the orchard into the region designated as the valley and the hill.  
Three flights were carried out by various drones in September, November and December, 2020. As 
flight safety and image resolution can be affected, proper flying procedure has been adopted. To 
avoid unnecessary accidents, the flight was conducted in good weather and below regulated altitude. 
The thermal camera's temperature measurements have been calibrated on a regular basis to reduce 
errors. Simultaneously, the emissivity of the surfaces varies depending on the mineralogy and 
recorded electromagnetic waveband, which can affect the acquired data. Figure 8 shows the digital 
elevation model obtained from the mosaicking process. The digital elevation model provides 
information about the terrain surface of the study area with vertical height range between 3 to 70 
meters and horizontal distance range between 0 to 250 meters. The figure identifies these regions 
based on the color and contour line.  The hill has a rise with a slope of around 30°, from the valley. 
The hilltop stands at a height of 27.5 meters. This condition might not be a favorable aspect for good 
durian cultivation, as durian usually grows very well on gently sloping land, with 6 to 12° inclination. 
The crop prefers deep, well-drained loamy soils not less than 1.5 meters deep, with pH soil around 
5.0 to 6.5. It does not perform well if elevation is higher than 600 to 900 m above sea level. The durian 
cannot stand waterlogged conditions, is vulnerable to wind damage during storms and typhoons, and 
requires protection. Although the valley could provide the needed protection from the wind, the low 
level area could posed a threat for the waterlogged condition, if not properly monitored. Figure 9 
illustrates the valley's cross-section in the study area. The hilly side reaches a maximum height of 
27.5 meters and a minimum height of 22.5 meters. It is expected that the nutrients will leach down 
the slope, due to the high angle of elevation. The valley contains some colluvium soil, while the hill is 
almost entirely made up of laterite soil with varying depths of lateritic layers. The soil texture is lighter 
in the hill site, and the nutrient content is similar to the valley site. This is expected because, due to 
the nature of the landscape, soils on lower sites typically have high moisture and nutrient content. 
Soil moisture had tremendous effects on flower initiation of durian trees. It is popularly believed that 
durian trees need a certain level of drought to trigger flowering. Onset of flowering usually occurs 
during the drought months. However, insufficient water supply for a continuous long period may fail 
to stimulate the trees to produce more flowers [25-27]. 
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Fig. 8. The possible area with higher concentration of moisture and nutrient at the valley 
of the orchard 

 

 
Fig. 9. The cross-section area of study, including the slope of the soil 
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Fig. 10. The analysis of the thermal image 

 
Figure 10 shows the effects of thermal imagery labelled 'A' through 'K.' The research team choose 

thermal mapping in this area in order to investigate possible of still waters in the soil. In other words, 
it is important to chart the crop field's wet areas. Young durian trees are very susceptible to drought 
and high mortality can be avoided with proper irrigation. The mature durian crop requires a dry spell 
of about 1 to 2 months for flowers to initiate and develop fully. Four weeks after the flowers bloomed, 
the tree must receive just enough water for proper fruit development. Too much water will cause 
the tree to bear new leaves at the expense of the fruits. The thermal camera measures absolute 
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temperatures of the soil. This will help in identifying moisture and wet area. The region marked with 
letter 'A' is the region of the valley recorded with low temperatures value. This proved that the valley 
has a lower temperature value, as evidenced by the image in the lateritic layers labelled as 'B'. This 
area suggests that high humidity condition for the soil is possible. At the same time, since the area is 
at the center and lowest part of the valley, it produces the possibility of having lots of waterlogging, 
if not properly monitored. The region marked 'C', on the other hand, suggests a high temperature 
value. The red dot representing high temperature region is actually an excavator that has just finished 
preparing the conduit for the orchard sprinkler device. This is clearly visible in the region designated 
as letter 'D' and 'I'. Simultaneously, the region denoted by 'E' also designates a low-temperature 
value, which actually represents the location of a building with a blue metal roofing, as marked by 
letter 'J'. The letter 'F', 'G', and 'K' indicate low-temperature region in the grassy region on the hilly 
side of the study area. This suggest that aside from the slope effect, which gathers all the moisture 
in the valley at one place, the humidity and moisture of the soil can also be affected by the availability 
of plant and greeneries at the area itself.   
 
4. Conclusion 
 

Malaysia's agricultural activity is progressing toward the use of precision agriculture and IoT 
technology as the country moves forward with the adoption of 4th Industrial Revolution. Sustainable 
agriculture is essential for preserving food production while also protecting the environment from 
toxic chemicals through better management using latest precision agriculture technology. Drones’ 
technology in agricultural monitoring applications are becoming increasingly popular around the 
world. Thus, the goal of this research is to use multispectral and thermal images analysis to monitor 
the durian cultivation process in an orchard at an early stage of production, using various type of 
drones with different capabilities. The results suggest that the orchard has a steep slope, with an 
inclination angle of up to 30o, which could affect the crop's yield generation. In general, the location 
of the soil's moisture and humidity contents throughout the orchard are influenced by the uneven 
ground surface. Because of the steep angle of elevation, the nutrients are projected to seep down 
the slope. The hill is almost entirely made up of laterite soil with different depths of lateritic layers, 
while the valley has some colluvium soil. The hill site's soil texture is lighter, and the nutrient content 
is similar to that of the valley location. This is to be expected, given that lower-lying soils often have 
significant moisture and nutrient content due to the nature of the topography. Durian tree flower 
initiation is greatly influenced by soil moisture. Thus, thermal imaging can be use in detecting the soil 
moisture distribution that is caused by uneven surface in the area. At the same time, the use of 
thermal image has provided an insight on the seedling viability throughout the orchard.  The soil 
water status can be predicted at this stage, which has helped the management to plan for smart 
irrigation project. The images also show that low temperature value can be observed in the grassy 
and valley area, which support the earlier assumption of nutrient distribution in the area.     
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