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A Study on the Best Applicationsof Infra-Red(IR) Sensors
Mounted on the Unmanned Aerial Vehicles(UAV)
in Agricultural Crops Field
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(Abstract)

Thermal sensors, also called thermal infrared wavelength sensors, measure
temperature based on the intensity of infrared signals that reach the sensor. The
infrared signals recognized by the sensor include infrared wavelength(0.7~3.0xm) and
radiant infrared wavelength(3.0~100zm). Infrared(IR) wavelengths are divided into five
bands: near infraredNIR), shortwave infrared(SWIR), midwave infraredMWIR), longwave
infrared(LWIR), and far infrared(FIR). Most thermal sensors use the LWIR to capture
images. Thermal sensors measure the temperature of the target in a non-contact
manner, and the data can be affected by the sensor's viewing angle between the
target and the sensor, the amount of atmospheric water vapor (humidity), air
temperature, and ground conditions. In this study, the characteristics of three thermal
imaging sensor models that are widely used for observation using unmanned aerial
vehicles were evaluated, and the optimal application field was determined.

Keywords : Unmanned Aerial Vehicle, UAV, Thermal Sensor, IR Sensor,
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Table 1. Emissivity based on materials
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Material Emissivity(e) Material Emissivity(e)
Healthy Crops 0.96 ~ 0.99 Dry Crops 0.88 ~ 0.94
Dry Soil 0.90 Wet soil 0.95
Trees 0.90 Water 0.92 ~ 0.98
Ice 0.96 ~ 0.98 Snow 0.83
Sand 0.90 Brick 0.93 ~ 0.96
Fiber 0.90 Human Skin 0.98
Lacquer paint 0.80 ~ 0.95 Black Lacquer Paint 0.80 ~ 0.95
Polished Aluminum 0.04 ~ 0.06 Rusted Metal 0.69
Rust-free metal 0.16 ~ 0.45 Ideal Black Body 1.0
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Fig. 1 Spectrum of EM wave
Table 2. Composition and temperature band characteristics of infrared
Region Waveleng Characteristics
(zm)
Near-Infrared Closest to the visible spectrum, used in fiber optic communications,
0.7~1.5 . . .
(NIR) remote controls, night-vision equipment
Short-Wavelength Infrared Detects moisture, used in photovoltaic applications, penetrates fog
1.5~3
(SWIR) and haze
Mid-Wavelength Infrared 3-8 Primarily used for thermal imaging and heat/gas detection and
(MWIR) Spectroscopy
Long-Wavelength Infrared Used in thermal imaging, especially in security and military
8~15 .
(LWIR) applications
Far-Infrared Associated with thermal radiation, used in heaters, astronomy, and
15~1000 A
(FIR) thermal imaging

e I o o =il S e) g = S
Wol ARSEIL Sl 3N GV AN RES
ofgie} o] AAslo] Table 33 o] A% H]

kg i
Fig. 2 Environmental considerations for thermal FRIs71e AA 1780 FRlds7]er 919
sensor operation o2 RS 4 Qlok 9] Felgky]
= AlF ARkl dofA B2 XS 3k Ho v
FIALAMWIR), FIHELPAIWIR), HELHAFR) o8 o3t 4= QIAgt A= v|g 4= glon] o]
5 /M9 Wi=R WA, Table 29F 22 E4 A5S 93t o] g5 Fxto] Fadt whilo]
& b=t oY gk AlMe Ak elA Atk HhH, 2] FRIgg7]= HIgAZto] o}
(LWIR» ARgsto] o5 HgelttH7l. o Mo Hgie R g A9S HAYT 4 glANL




Table 3. Comparison of specifications for thermal sensors

VUE PRO VUE PRO R Wiris PRO
Company FLIR FLIR WorksWell
Weight 92.1~1134 g 92.1~1134 g 430 g
Dimension 44 4x57.4x44.4 mm 44.4x57.4x44.4 mm 83x85X68 mm
IR Sensor Uncooled Vadium Oxide | Uncooled Vadium Oxide | Uncooled Vadium Oxide
Microbolometer Microbolometer Microbolometer
RTesolution 640 x 512 640 x 512 640 x 512
wave-length 7.5~13.5 ym 7.5~13.5 ym 7.5~135 um
Frame 30 Hz 30 Hz 30 Hz
FOV 45° 45° 45°
f 13mm 13mm 13mm
Image format JPEG, TIFF RadJi}c))]rEnC;’triTcH}iEG RadJiz]IEnGe,triTCIFJFPEG

Table 4. Thermal Sensor FLIR VUE PRO R Characteristics[8]

Sensor

Characteristics

eAcquirement of image data in a variety of formats

*Embeds calibrated radiometric temperature data in every pixel
(Radiometric JPEG) in every pixel (Radiometric JPEG)

eAbility to set shooting conditions (temperature, humidity,
altitude, emissivity, etc.) through the app

Table 5. Thermal Sensor ALTUM Characteristics[9]

Sensor

Characteristics

*LWIR sensor in the 8-14 xm wavelength range with FLIR

160 x 120 resolution
eIntegrated thermal camera and five spectral bands make
precision agriculture simple and easy for advanced applications
eSensors for agricultural data collection to determine water
stress and plant health and for advanced analytics
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- Location : Buljeong-myeon, Goesan-gun, - Altitude : 120m
Chungcheongbuk-do (1.2 km® )
- Overlap : 80 x 80% - Flight Speed : 15m/s

Fig. 3 Orthomosaic of thermal images
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Fig. 4 Thermal orthomosaic based on overlap rate



KSA(C

1080 et=1tdEdetel =23 A263 Aoz

T

Z]
oy oA AN AEolSEAPFAGOE S8
Histogram Equalization®] AFEH, &E7} =2
AAap e 2o Afo]o] HASE tiH|= <Qlsf T

POINT POINT POINT POINT POINT POINT POINT POINT POINT POINT POINT POINT
1 2 3 1 2 3 1 2 3 ¥ 2 3

HFLR mYF2SE

25M 65 X 65% 25M 70 X 80% 60M 70 X 70% 60M 80 X 80%

Fig. 5 Difference between thermal image temperature
and actual temperature based on conditions
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Fig. 6 Thermal images taken at 9:00 a.m. and
10:00 a.m.
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