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Evaluation of Effective Sensing Distance and Measurement Efficiency for
Ground-Based Remote Sensors with Different Leaf Distribution
in Tobacco Plant

Hyun-Cheol Jeong, and Soon-Dal Hong"

National Institute of Agricultural Science and Technology Suin-ro 150, Seodun-dong Kweonseon-gu, Suwon-si 441-707, Korea
'Department of Agricultural Chemistry, Chungbuk National University Seonbong-ro 410, Gaeshin-dong Cheongju-si 361-763, Korea

Tobacco plants grown in pots by sand culture for 70 days after transplanting were used to evaluate the
sensing distance and measurement efficiency of ground-based remote sensors. The leaf distribution of
tobacco plant and sensing distance from the sensors to the target leaves were controlled by two removal
methods of leaves, top-down and bottom-up removal. In the case of top-down removal, the canopy
reflectance was measured by the sensor located at a fixed position having an optimum distance from the
detector to the uppermost leaf of tobacco every time that the higher leaves were one at a time. The
measurement of bottom-up removal, a the other hand, was conducted in the same manner as that of the
top-down removal except that the lower leaves were removed one by one. Canopy reflectance
measurements were made with hand held spectral sensors including the active sensors such as
GreenSeeker'™ red and green, Crop Circle ACS-210"™ red and amber, the passive sensors of Crop
Circle™, and spectroradiometer SD2000™. The reflectance indices by all sensors were generally affected
by the upper canopy condition rather than lower canopy condition of tobacco regardless of sensor type,
passive or active. The reflectance measurement by GreenSeeker'" was affected sensitively at measurement
distance longer than 120 cm, the upper limit of effective sensing distance, beyond which measurement
errors are appreciable. In case of the passive sensors that has no upper limit of effective distance and Crop
Circle™(ACS210) that has the upper limit of effective sensing distance specified with 213 cm, longer than
that of estimated distance, the measurement efficiency affected by the sensing distance showed no
difference. This result suggests that it is necessary to use the sensor specified optimum distance. The result
revealed that active sensors are more superior than their passive counterparts in establishing between the
relative ratio of reflectance index and the dry weight of tobacco treated by top-down removal, and in the
evaluation of biomass. The Crop Circle ACS-210™ red was proved to have the highest efficiency of
measurement, followed by Crop Circle ACS-210" amber and GreenSeeker' ™ red, Crop Circle™ passive,
GreenSeeker™ green, and spectroradiometer, in descending order.

Key words : Leaf distribution of tobacco, Normalized Diffeerence Vegetation Index(NDVI) , Ground-based
Remote Sensor
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A A TH(Cater et al, 2002: Cater, 1993). ©]2]3t LED)Y #olt} Al2="H 3 o] g Ao ZAsH7]
Baetd EAo] thak ZAME 1960 o] F 7]/ fated AAFLE 23 e A7 AUA FF Al
93 2Ef 2 AE2E 9% 94 HAHremote sensing) 282 "F 5 (active)” AlAHolg FETTh
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7Rt o FHESsty FYsiAl HEE A H(Carter Z1vsh, 5 B v YA (aerosol) Tl o3 A
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2001). FHos A9NH FdE ol&ste TFF Al2HY
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Richardson and Wiegand, 1977: Tucker, 1979; 8 SAAYY AR EAHS 9T E 7] Yl dx
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Vegetation Index(NDVI) 722 X EEL 2 A
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7] 98 ABA Foroz wo| 8% H(Jackson AlzbE 2 FE AeoldA 47 AgrE WAL oldd w
and Huete, 1991: Wiegand et al, 1991). Gitelson & T e NSEER & AxE Adste oA
(1996)2 Green Normalized Difference Vegetation APAME AF AT AP E A7 30 cm, =
Index (GNDVI)®] o]&< Aotatgom o]AL A& °] 30 cm EEJ AFHA EH(0.1mm ©]A4e JA=A
A AA L canopy Wo|E HbE=y 7| Fo] AL NE A2 M= KF118 (Nicotiana tobacum L.)
99" NDVIETH A4 8% oz 9Fhx g o BE 1A¥ O kR A= *“’17} 45 em X 35
o 1 ole AEo AT T S sty cm X 25 cm®l AMZEE7] el XEE AA ST
Be §89 AESo AEHT don oy Ay  OF HE 20059 49 209 o4 FReE
SO = ux AR EY A pEL A2 A TE W] ApzgTlel FEE SAREE AW
A B ARSI 7O thers A AWo| S of g0 2 ZAd FEHESE St £ FES
S AHEE e AR dEAY (Wiegand et al, A olAF RE 2F/HAE G WA E2 S
1991: Huete, 1988: Gilabert et al, 2002: Osborne et~ of L, 27+ Fl 4F7bA= Hoagland 9o} A2 A
Y559 50% FEZE, 475H $87] 71X+ 100%
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Table 1. Specification of ground-based remote sensors estimated in the experiment.

Source of light Output of
Sensors o Wavelength

(sensor type) vegetation index
Solar light Crop Circle™ NDVI, gNDVI, aNDVI 550 nm, 600 nm, 680 nm, 820 nm
(passive sensor) Spectroradiometer(SD 2000™) Variable 340-1020 nm
Light-emitting Crop Circle ACS-210™ (red) tNDVI 6505 nm, 88010 nm
diode[LED] Crop Circle ACS-210™ (amber) aNDVI 590+5.5 nm, 880+10 nm
(active sensor) Greenseeker ™ (red) NDVI 660+10 nm, 770+15 nm

Greenseeker ™ (green) eNDVI 530+15 nm, 770+15 nm
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Fig. 1. Changes of NDVI by spectroradiometer and dry weight
of tobacco at different sensing distances from sensor to target
made by removal method of leaves. [A] Top-down removal
and [B] Bottom-up removal.
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Fig. 2. Changes of NDVI by Crop Circle™ passive sensor and
dry weight of tobacco at different sensing distances from
sensor to target made by removal method of leaves. [A] Top-
down removal and [B] Bottom-up removal.
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Fig. 5. Changes of NDVI by Crop Circle ACS-210™ and dry
weight of tobacco at different sensing distances from sensor to
target made by removal method of leaves. [A] Top-down
removal and [B] Bottom-up removal.
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Table 2. Correlation coefficient between vegetation indices by active sensors and dry weight of tobacco leaves at different stalk

position (n=23).

)
=

F

o
fole
ot

Dry weight of tobacco leaves

Sensor Index

Top Middle Bottom
Crop Circle ACS-210™ (red) rNDVI 0.647" 0.513" 0.062
Crop Circle ACS-210™ (amber) aNDVI 0.654" 0526 0.226
Greenseeker ™ (red) tNDVI 0.524" 0335 0.098
Greenseeker " (green) gNDVI 0.584" 0424 024"

* % Significant at the 0.05 and 0.01 probability levels, respectively.
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