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Abstract : The objective of this study was to investigate the feasibility of predicting sugarcane yield in the field

using some vegetation indices including NDVI and CI associated with volume of digital surface model

red edge
(DSM). In this study, 30 samples were used, consisting of 30 varieties of 1 replicates from the same plot.
Therefore, there are only 1 sample in each sample. Each sample is 6 x 8 square meters. The images of
sugarcane field were captured using a multispectral camera, covering 5 wavebands i.e. Red, Green, Blue, NIR
and Red Edge, installed on an unmanned aerial vehicle. The sugarcane was then harvested and weighed to
determine the yield. Images from each wavelength were analyzed by Pix4D Mapper software and calculated

for vegetation indices (NDVI and Cl and the volume of DSM. Correlations between the three indices and

red edge)
actual sugarcane yield were observed. The results showed that the NDVI, CI_; .. and volume of DSM with
correlated with actual yield at the correlation coefficient (r) of 0.77,0.78 and 0.87, respectively, and the Root
Mean Square Error (RMSE) of 3.18, 3.11 and 2.46, ton/rai, respectively and the Root Mean Square Error of
Cross Validation (RMSECV) of 3.37, 3.32 and 2.61, ton/rai respectively, The tolerances are quite high due to
the harvesting of photos near the harvest. Photo analysis does not cut out non-cane pixel parts. Therefore, the
error is quite high. suggesting a feasibility to predict the cane yield Further study is necessary to improve the
prediction accuracy.

Keywords : Vegetation Index, Volume of Digital surface model, Sugarcane Yield, Unmanned Aerial Vehicle,

Multispectral Camera
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Create simple linear regression(SLR) equation

for predicting sugarcane product

Figure 1 The idea to create an equation to predict yield.
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2.3.1 an7AsnulBAudy (UAVs)

aneeuliAudl $1 VESPA HEX 650 (HG Robotic company, Thailand) Wandss Figure 2 4iia 6 datnad
6 lusi 1iwin 4.5 Alaniu (sanuumAes) A uTiugegalaitin 500 wes Rnsendes Multispectral 714 Red Edge
wiaufae GPS Mini Ublox NEO-M8N WA L1l 6l Lﬁl‘ﬂdﬂl‘ Lithium-ion Polymer 211/ 10,000 mAh 22.2V @ g“ﬂ

FEAZIDEAAY Table 1



147 Table 1 Summary of UAV specification

Name VESPA HEX 650 / HG Robotics 148
149
Number of rotor 6 150
151
Takeoff weight 4.5 k
9 ¢ 152
Maximum altitude Less than 500 meters 153
154
Camera Multispectral camera
155
GPS Mini Ublox NEO-M8N 156
- 157
Battery Lithium-polymer battery, 10000mAh, 22.

1L Q

1TJO

159
160
161
162
163
164
165
166
167

168 Figure 2 Unmanned Aerial Vehicle Version VESPA HEX 650 (HG Robotic company)

169 2.3.2 Multispectral camera

170 n&ea Multispectral {1 RedEdge (Figure 3) HanlnI13EN MicaSence ﬂ%img'u?:mmmdwmw I vavin
171 5 ga9m@w I Red, Green, Blue, NIR uaz Red Edge %u@am’wmﬁluﬁquﬁnmqmmmm?{uﬁ 668, 560, 475,
172 840 uaz 717 nm ANANAL uazdandesiitiiuin 150 N3y Fenwitdnaeanurliusiasdanau unmaun 16
173 bit LaTNUUIANIN 1280x960 pixel (MicaSence, 2015)

174
175
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177
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180

181 Figure 3 Multispectral camera (MicaSense RedEdge-M™)
182 2.3.3 mﬂﬁ‘u%aﬂ@ Ground control points
183 Tudumnaunisszusananinlulilsunsy Pix4Dmapper Pro 1ive LA lAA 1w uaLAYe999 5 G99AA (Red,

184  Green, Blue, NIR uaz Red Edge) dumaunisld Ground control points (GCPs) iludunaundnsny Inainnisiu
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Figure 5 The position of the ground control points panel and storage
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(GSD) 5 lufLNAg, ANgINT9Tu 73 Lums,ANHEIN9Tiu 5 Lums/Aundl, frontal overlapping 80% way side
overlapping 60% AadnAL Fepaugemsiiuaziuetiuauna GSD lunsiiu lefliidelumsldennideuls
AUt lun1sUseiiingn Brix 38980t tneld GSD 5 musiums wazANgan13dn 73 wWes (Chea et al., 2018) {34t
Agl% GSD 5 wuRIAg z%w‘?umaﬁuﬂ%a‘f:L'W'ﬂ’l,ﬁmfauﬂqmmm%uﬁﬂmﬁ@Lﬂuﬂix‘ﬁmﬂﬁiﬂm?ﬂﬂﬂ‘l?ﬁmuﬁm
f'ﬂlw] T nmldsunsuszudnanisineuuanads Figure 6 Anuundasinaniiu nantdszanas 13.00 w. tesann
AU IAnANANe AN [N mdnsreduesluusazuastos Aatntieaningaanatau uazinnis iy

AU 1 AFY



221
222
223
224
225
226
227
228
229
230
231
232
233
234
235
236
237
238
239
240
241
242
243
244
245
246
247
248
249
250
251
252
253
254
255

T ————— 7 T
a®EBE0O0 I BT Qe

o T L TR T

Figure 6 Flight planning program
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(NIR-Red)

NDVI =
(NIR+Red)

(1)

2.5.2 Chlorophyll Index red edge (Cl

red edge)

o o ' |

Clag sage HIMANMUANRUSsEM IR RUBUNINIAEINUING (NIR) AU TOUENUEZAMULANGNI TR

uazdaunlaldin wazdaspdaunnuaaiudung (Red Edge) Aanunsniiaszianinnisiaayiuinaasia fa
al dl o a A dall = a & = = 4} 1
seaziden luannig? 2 soinanssatitauenielBuianaalsilaguesianssaainnislssifiunnaludanindn

snnunaalsiadiauduiusiuaugananysairesandes (Oliveira et al., 2016)
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Clred edge = RedEdge 1 2)
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2.8 MTATNANNNIdL LU N IUNLNAKARTRsE R
o a

PAIANTUADUNN AN AT DATNITBALLETNIAFANNLLLRNABINURIITIFILAT UBIEDELARL AN LAY

PN ANNENRUS LM geea398a8A3T Simple linear regression (SLR) WNB5194NNTNIUNBHARNAA YD



292
293
204
295
296

297

298
299

300

301
302
303
304
305
306
307
308
309
310
311
312
313
314
315

316
317
318
319
320
321
322
323
324

Sasuazmanauaunsiunanandnlagldrsniisesesriadanupaaaindananindass (Root Mean
Square Error, RMSE) 774 30 faatine iiensuiisnnunaapaeuaesaunsmunananandes uaznmadaLen
ANEANAIANIATgIuTUNN TN ETeeAet e lunduaTI9aNnI g TneldA1sniiaesresAniadnaanm
ﬂmmm?';'aumﬁqﬁqm@wmma‘ﬁgﬂﬁuuuh’i (Root Mean Square Error of Cross Validation, RMSECV) ¢ 30

Fnating Aasneazidenluy 4NN 4

RMSE or RMSECV = J%Z{;l(?i - Y;)? (4)

Wa  RMSE Af AN3INTN&29989ANANNARNALARRUNNAIABILaAE

RMSECV Ag A3 INTIA83789A1LRALANNARIALARDWINANAIABITBIN s RgAtwLL T3

A o

n AB ANUIUEIALS

A 1 o a
Yi AR ATATNNITIAAI

A { 3
Yi AR ATRATNNITNTUNE

NANISANHILATIANTDY

3.1 ANHIUZIBININGNE LATANNNATAUVDILANARBDE

v ° dld b £ o 1 % dld a o ] 1 a dl
N19a 8 lNLAAN WA "W[”]@\‘]@?’]\W’mMQ@EI’NLLﬂ@Q@@H%NN@N@M(mu/»L?) ATAUAQYNNNTINNANIANIL

q

U Il eAuAnananA1AuDNANARE LazA2TINNINIEANAND IULAATTNANARAN A INANLANE

a o

(ARRAANG , 2553) Anuann1sAInansdinasiu wlasdes Aiuananlugag 0-20 M/l 971191 30 Aaasing annwlas

v
o

mmmfaué”mqu 1 wilas Asgnidananliusinatnlunisaiiuinaiiunananan Inafaetniina1aAseuAgEa

o

uq maﬂmiuﬂumﬁimmﬂ@wu LL@vWMﬁVl@ﬂ?WM’J’]\m’]i‘WWHW LW@I‘HI‘H@M’W’]M mmnm’mlm‘ﬂwmwﬁ

20ILANARTRILLAIFRaEN Figure 8 aziiulidndneteilandnlndinesiuaewndasnananetnelsfinig ain

A Ao s oy

nsaanulasiatnglnassnaliliumaiunanananng fefiesiansnnannianszangnr i Te A HAKER

o o Yy o gquw o VoA A P g o ool ] v o
ﬂl@QLLﬂ@\‘iLﬂuM@ﬂm\‘m@’]fJ"ﬂ’N[ﬂu ‘V]qél,'ﬂl,l,ﬂ@\im')@iquwL@@ﬂimiuumﬁqqﬂu LﬂuWuQWLLmﬂWWQﬂuWQWH@WQ 30

Fnating AglianunsnAne interaction syudniug uay yield 16

frequency

OI |

012345678 91011121314151617181920
Yield (ton/rai)
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(a) (b) (c)
Figure 10 (a) The relationship between NDVI and yield of sugarcane

(b) The relationship between ClI and yield of sugarcane

red edge
(c) The relationship between Volume of DSM and yield of sugarcane
Note : The circle is the comparison between Sugarcane yield with the similar but different NDVI.

The square is the comparison between the Cl with the similar but different yield.

red edge

The triangle is the comparison between the volume with the similar but different yield.

anAAudNutrassiiaiunanARasies We y Ae nandandes(Fwls) amimnagllfias Table 2

Table 2 The predicted yield of 3 index.

Vegetation Index ~ Model r R?  RMSE(ton/rai) R’,, RMSECV(ton/rai)
NDVI y = 45.058(NDVI) - 11.625 0.77 0.59 3.18 0.54 3.37
Clio odge y =29.548(Cl,....) - 8.0425 0.78 0.61 3.11 0.56 3.32
Volume of DSM  y = 0.0821(Volume of DSM) - 2.7832  0.87 0.76 2.46 0.73 2.61
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mg‘ﬂiﬁﬁd Table 3

Table 3 Criteria for the r and R

r R® Interpretation

Up to £0.5 5upto0.25 Not usable
+0.51-0.70 0.26-0.49 Poor correlation
+0.71-0.80 0.50-0.64 Rough screening
+0.81-0.90 0.66-0.81 Screening
+0.91-0.95 0.83-0.90 Research
+0.96-0.98 0.92-0.96 Quality assurance

+0.99-1 0.98-1 Any application

AN - Williams (2007)
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Figure 11 (a) The relationship between measured yield and predicted yield(NDVI)
(b) The relationship between measured yield and predicted yield (Cl

red edge)

(c) The relationship between measured yield and predicted yield (Volume of DSM)
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Figure 12 (a) The relationship between measured yield and predicted yield(NDVI)
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Table 4 Verify the multi-collinearity

Index NDVI  Clred edge DSM
NDVI 1
Cl red edge 0.95 1
DSM 0.79 0.73 1
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