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Recent technological advance in UAV (Unmanned Aerial Vehicle) technology offers new opportunities for
assessing crop situation using UAV imagery. The objective of this study was to assess if reflectance and NDVI
derived from consumer-grade cameras mounted on UA Vs are useful for crop condition monitoring. This study
was conducted using a fixed-wing UAV(Ebee) with Cannon S110 camera from March 2015 to March 2016 in
the experiment field of National Institute of Agricultural Sciences. Results were compared with ground-based
recordings obtained from consumer-grade cameras and ground multi-spectral sensors. The relationship
between raw digital numbers (DNs) of UAV images and measured calibration tarp reflectance was quadratic.
Surface (lawn grass, stairs, and soybean cultivation area) reflectance obtained from UAV images was not
similar to reflectance measured by ground-based sensors. But NDVI based on UAV imagery was similar to
NDVI calculated by ground-based sensors.
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Change of NDVI in lawn grass and soybean cultivation area depending on method of reflectance calculation using UAV
images.
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Table 1. Specifications of UAV.

Category Specifications
UAV type fixed-wing
Flight altitude 100 ~ 800 m

within 90 km/h
size 96 cm, weight 700 g

Flight speed

Size and weight

Maximum flight time 45 minutes
Nominal cruise speed 40~90 km/h (11~25 m/s)
Radio linkrange Up to 3 km
Maximum coverage 12 km’

(single flight) (at 974m altitude AGL)

Up to 45 km/h (12 m/s)

Wind resistance

Ground Sampling Distance
(GSD)

Relative orthomosaic / 3D

Down to 1.5 cm per pixel

1~3 x GSD
model accuracy

w/GCPs :

Absolute horizontal / vertical Down to0 3 em / 5 cm

aeenraey No GCPs : 1~5 m
Multi-drone operation Yes
Automatic 3D flight planning Yes

Linear landing accuracy Approx. 5 m
Takeoff / landing auto/manual
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Table 2. Specifications of S110 digital camera.

Category Specifications
Band S110 : Red, Green, NIR
Resolution 12 Mp
Ground resolution at 100 m 3.5 cm/pix
Sensor size 7.44 x 5.58 mm
Pixel pitch 1.33 um
Image format JPEG / CR2
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Fig. 1. The spectral ranges that the sensor Canon S110 NIR

covers.
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Fig. 2. Location of the study area.

(a) UAV appearance

(b) UAV take-off

Fig. 3. Location of the study area.
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Table 3. UAYV flight date and weather condition.

Cloud Wind

No. Date Time amount  speed (m/s)
1 2015/03/12 12:00 0 1.1
2 2015/03/16 13:00 6 1.2
3 2015/03/23 14:00 0 4.5
4 2015/04/21 10:00 0 1.1
5 2015/05/27 11:30 2 1.7
6 2015/06/19 11:30 6 1.7
7 2015/07/04 11:30 6 1.8
8 2015/07/17 10:30 6 1.0
9 2015/08/03 10:30 2 1.9
10 2015/08/18 10:30 8 1.0
11 2015/08/31 11:00 1 1.1
12 2015/09/22 10:30 3 14
13 2015/10/08 12:00 8 0.3
14 2015/10/13 09:30 0 0.5
15 2015/11/11 10:00 6 1.1
16 2015/12/01 10:00 0 0.9
17 2015/12/29 10:30 0 1.5
18 2016/02/03 11:30 0 1.0
19 2016/02/25 10:00 0 1.1
20 2016/03/21 10:30 1 1.6
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Fig. 4. Examples of reflectance measuring sites.
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Fig. 6. The relationship between image raw DN and reflectance of calibration tarp on 12th March 2015.
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Table 4. Regression analysis between raw DN and reflectance of calibration tarp (x; DN/10,000).

Date Camera Regression equation (rz)
band linear quadratic exponential
Green 0.1239x-0.1857 (0.9258) 0.029x%-0.0717x+0.0808 (0.9908) 0.0137¢"""* (0.9818)
20150312 Red 0.1201x-0.1901 (0.9170) 0.0287x°-0.0803x+0.0938 (0.9892) 0.0132e"%7* (0.9824)
NIR 0.1253x-0.205 (0.8971) 0.0353x°-0.1149x+0.1307 (0.9906) 0.0137¢"7*°™ (0.9878)
Green 0.1039x-0.1493 (0.9821) 0.0107x°+0.0245x-0.0337 (0.9990) 0.0142¢"*™ (0.9672)
20150316 Red 0.1006x-0.1564 (0.9795) 0.0105x>+0.0189x-0.0303 (0.9988) 0.0136¢"*'"** (0.9666)
NIR 0.1042x-0.1728 (0.9660) 0.0145x%-0.0063x-0.0026 (0.9972) 0.0115¢""™ (0.9727)
Green 0.1404x-0.1835 (0.9741) 0.0209x>+0.0082x-0.0163 (0.9997) 0.0146€"""* (0.9696)
20150323 Red 0.1362x0.1878 (0.9689) 0.0212x>-0.003x-0.0047 (0.9996) 0.0143¢"7* (0.9709)
NIR 0.1471x-0.2246 (0.9580) 0.0274x-0.0326x+0.0189 (0.9990) 0.0117¢""% (0.9727)
Green 0.1205x-0.1851 (0.9473) 0.0233x°-0.0448x+0.05 (0.9969) 0.0138¢"** (0.9801)
20150421 Red 0.1167x-0.1947 (0.9364) 0.0236x°-0.0592x+0.0696 (0.9962) 0.0129¢"%** (0.9816)
NIR 0.1217x0.2145 (0.9141) 0.0292x°-0.0937x+0.1102 (0.9953)  0.0114¢™**™* (0.9855)
Green 0.1578x-0.1953 (0.9598) 0.0272x>+0.0059x-0.0201 (0.9798) 0.0117e"""™* (0.9538)
20150527 Red 0.1519x-0.1993 (0.9545) 0.0279x%-0.0103x-0.0039 (0.9792) 0.0112e"¥* (0.9547)
NIR 0.1564x-0.2218 (0.9481) 0.0357x>-0.0514x+0.0336 (0.9847) 0.0093¢"*** (0.9606)
Green 0.1404x-0.1001 (0.9660) 0.0334x>-0.0018x+0.0102 (0.9992) 0.015¢"*"™ (0.9789)
20150619 Red 0.1337x0.0994 (0.9634) 0.0316x°-0.0039x+0.0106 (0.9993)  0.0142¢™”"* (0.9775)
NIR 0.1322x-0.1004 (0.9361) 0.0443x°-0.0485x+0.0354 (0.9994) 0.0115¢" "% (0.9855)
Green 0.122x-0.1696 (0.9732) 0.0221x°-0.0199x+0.0159 (0.9997) 0.0135¢"7™ (0.9852)
20150704 Red 0.1165x-0.1714 (0.9709) 0.0208x-0.0222x+0.0182 (0.9997) 0.0128¢"""*"™* (0.9843)
NIR 0.1265x-0.2120 (0.9606) 0.028x°-0.059x+0.0515 (0.9995) 0.0091e"**"™ (0.9848)
Green 0.1287x-0.1736 (0.9092) 0.0326x-0.0874x+0.0968 (0.9929) 0.0159¢"*'>* (0.9883)
20150717 Red 0.1262x-0.1823 (0.9058) 0.0312x°-0.0881x+0.0999 (0.9926) 0.0151e™*7* (0.9873)
NIR 0.1404x-0.2298 (0.8980) 0.0383x>-0.1247x+0.1376 (0.9975) 0.0125¢"™* (0.9908)
Green 0.1298x-0.18088 (0.9621) 0.0214x>-0.0183x+0.0198 (1.0000) 0.0165¢"*7* (0.9783)
20150803 Red 0.1255x0.186 (0.9518) 0.0224x°-0.0348x+0.0403 (1.0000) 0.0164¢" %™ (0.9820)
NIR 0.1339x-0.2278 (0.9474) 0.0263x°-0.0522x+0.0433 (0.9992) 0.0096¢""°** (0.9760)
Green 0.1579x-0.2287 (0.9674) 0.025x>-0.018x+0.0156 (0.9996) 0.0192¢™°%% (0.9799)
20150818 Red 0.1523x-0.2222 (0.9676) 0.0233x°-0.0138x+0.0130 (1.0000)  0.0196¢™™ (0.9781)
NIR 0.1472x-0.233 (0.9334) 0.033x%-0.0858x+0.0933 (1.0000) 0.0145¢"** (0.9874)
Green 0.1229x-0.1557 (0.9821) 0.0137x+0.0295x-0.0319 (0.9997)  0.0175¢"**™ (0.9688)
20150831 Red 0.1184x-0.1598 (0.9785) 0.014x%+0.0191x-0.0215 (1.0000) 0.0173¢"** (0.9697)
NIR 0.1229x-0.1888 (0.9615) 0.0198x>-0.0186x+0.0164 (0.9985) 0.0151e™%* (0.9782)
Green 0.118x-0.1523 (0.9922) 0.008x*+0.0605x-0.0705 (0.9996) 0.0185¢"%%* (0.9490)
20150922 Red 0.1128x-0.1536 (0.9891) 0.0085x°+0.049x-0.0587 (0.9992) 0.0186¢"*™* (0.9500)
NIR 0.1174x-0.1758 (0.9799) 0.0129x+0.0211x-0.0302 (1.0000) 0.017¢'* (0.9601)
Green 0.1770x0.17 (0.9666) 0.0351x°-0.0027x+0.0059 (0.9985)  0.0182¢™*"* (0.9720)
20151008 Red 0.1716x-0.1774 (0.9635) 0.0349x-0.0138x+0.0136 (0.9992) 0.0177e"*™ (0.9735)
NIR 0.1681x-0.1829 (0.9387) 0.0448x-0.0694x+0.063 (0.9994) 0.0173¢"*%* (0.9850)
Green 0.1377x-0.2237 (0.9735) 0.0201x>0.0109x+0.0029 (0.9993) 0.017¢"** (0.9797)
20151013 Red 0.1281x-0.2194 (0.9641) 0.0205x°-0.0294x+0.0314 (0.9981) 0.017¢"™ (0.9840)
NIR 0.1211x-0.2275 (0.9466) 0.0238x°-0.0613x+0.0677 (0.9960) 0.0118¢"%™ (0.9866)
Green 0.1401x-0.1746 (0.9721) 0.0139x°+0.0561x-0.0715 (0.9812) 0.0121e"¥7 (0.9441)
20151111 Red 0.1296x0.1731 (0.9697) 0.0126x>+0.0495x-0.0689 (0.9796) 0.0109¢”*'** (0.9391)
NIR 0.1026x-0.1383 (0.9598) 0.0134x>+0.0191x-0.0314 (0.9775) 0.0079¢"*™ (0.9390)
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Table 4. Regression analysis between raw DN and reflectance of calibration tarp (x; DN/10,000) (Continue).

Date Camera Regression equation (rz)
band linear quadratic exponential
Green 0.1319x-0.2359 (0.9215) 0.0346x7-0.1271x+0.1644 (0.9827) 0.0133¢"%** (0.9892)
20151201 Red 0.1244x-0.2389 (0.9146) 0.0326x7-0.1314x+0.1778 (0.9832) 0.0122¢"" (0.9897)
NIR 0.1136x-0.2329 (0.8799) 0.0374x%-0.1767x+0.2421 (0.9803) 0.0086¢” ™ (0.9937)
Green 0.1187x-0.1163 (0.9851) 0.0088x°+0.0645x-0.0501 (0.9933)  0.0241e™*"'™ (0.9526)
20151229 Red 0.1058x-0.1107 (0.9831) 0.0085x%+0.0515x-0.0415 (0.9934) 0.0216e™** (0.9536)
NIR 0.1001x-0.1115 (0.9711) 0.012x*+0.0244x-0.0167 (0.9929) 0.0182¢"%'™ (0.9648)
Green 0.1518x-0.1601 (0.9781) 0.0326x°-0.0387x+0.0393 (1.0000) 0.0178¢" ™ (0.9660)
20160203 Red 0.1452x-0.1649 (0.9747) 0.0311x%-0.0446x+0.0469 (0.9997) 0.0174¢"% (0.9689)
NIR 0.139x-0.1581 (0.9669) 0.0304x%-0.0398x+0.0312 (0.9990) 0.0173¢"* (0.9750)
Green 0.1251x-0.1583 (0.9859) 0.0129x+0.0376x-0.0394 (1.0000)  0.0204e"**™* (0.9671)
20160225 Red 0.1208x-0.1662 (0.9812) 0.0136x+0.024x-0.0273 (1.0000) 0.0193¢"'™* (0.9673)
NIR 0.1222x-0.1851 (0.9651) 0.0194x%-0.0148x+0.0134 (0.9999) 0.0156e™*%* (0.9745)
Green 0.1407x0.1679 (0.9845) 0.0147x°+0.0454x-0.0469 (0.9984) 0.019¢™%7* (0.9591)
20160321 Red 0.1345x-0.1756 (0.9805) 0.0152x°+0.0313x-0.0368 (0.9982) 0.0175¢"%%* (0.9590)
NIR 0.1344x-0.188 (0.9723) 0.0188x°+0.0075x—0.0153 (0.9984) 0.0148¢"""™ (0.9603)

Table 5. RMSE comparison of regression equation for estimation of tarp reflectance.

T

o linear quadraticT exponential'r
Calibration tarp T T T T T T T T T
Green Red NIR Green Red NIR Green Red NIR
reflectance 52% 0.047 0.048 0.051 0.011 0.009 0.008 0.112 0.109 0.099
reflectance 35% 0.033 0.035 0.038 0.020 0.020 0.018 0.029 0.028 0.029
reflectance 23% 0.040 0.042 0.053 0.014 0.014 0.013 0.063 0.059 0.044
reflectance 3% 0.023 0.025 0.031 0.002 0.002 0.002 0.005 0.006 0.005
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Fig. 7. Comparison of tarp reflectance by calculating reflectance method.
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Fig. 9. Change of NDVI in Lawn grass and soybean cultivation area by method of reflectance calculation using UAV aerial

images.
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Fig. 10. Relationship between UAV NDVI and Ground-based remote sensor NDVI in Lawn grass and soybean cultivation area by

method of reflectance calculation from March 2015 to March 2016.
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Fig. 11. Relationship between UAV NDVI and Ground-based remote sensor NDVI in bare, lawn grass and soybean cultivation

area by method of reflectance calculation on 8th October 2015.
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