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Estimation of Nitrogen Status in Sugarcane Fields from Aerial Digital Images
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ABSTRACT R

In this research, the possibility of using digital air images to determine the amount efinitrogen in the sugar cane field
was considered. After the points were marked on three sugarcane fields (120 x 100¥m"dimensions, which differed in
planting time), the points images were captured using a conventional digital caméra mounted on a quad-copter from 5
and 10 meters height. . Simultaneously with the aerial imaging of the specified points, four healthy sugarcane top branches
were cut from each point and transferred to the laboratory; where the nitregeni€ontent of the product was measured using
the Kjeldahl method. Using image processing algorithms in the MATLAB Software environment, the color indices were
extracted from the images and their correlation with the amount of nitrggem were determined. Indices that had correlation
with nitrogen were selected as inputs of the artificial neural netwaorks (ANN) and the nitrogen content of the product as
the output. Multilayer perceptron neural network (MLP) was used‘for neural modeling and RMSE and MAPE statistical
parameters were used to evaluate and compare the performance "of neural networks. The results of different neural
networks training showed that two ANN with LevenbergsMarquardt training algorithm, tansig and purelin transfer
functions for the hidden and output layers respectivelynand* 10 and 4 neurons in the hidden layer for images of 5 and 10
meters height respectively, were the most optimal\aetworks to predict the amount of sugarcane nitrogen from aerial
images. The average errors of the ANNSs trainingiwere 0.145 and 0.022 and the correlation coefficients between the
predicted and actual values of nitrogen were 0:89 and 0.94, for 5 m and 10 m heights respectively. The student's t-test
showed that nitrogen values predicted by ANINs at 5 m and 10 m heights did not have significant difference with each
other and with the actual amount of nitrogef.measured by the Kjeldahl method. The RMSE values of nitrogen estimation
were 0.181 and 0.174 at 5 m and 10 myheights, respectively.

N

Key words: Sugarcane, Nitragen, Kjeldahl test, artificial neural network, Digital aerial images.
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Figure 2. Phantom 3 Professional Quad-copter used for takin field images
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Figure 4. The sugarcane leaf samples (left) and Kjeldahl test (right) N &
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/ 1. Import image /

=
1. Uniform the image light by applying a
valid histogram algorithm 3
2. Applying Linear Combination Algorithm in \

RGB Space
~ \

1. Remove image background

2. Transform the image into three &
components: red, green and blue
3. Separate leaves from the image field using \\\

the threshold by image histogram chart

~

Remove image noise

Apply Gaussian filter on image

Apply median filter on image

Use the opening operator on the area to
remove unwanted noises

S~

1. Convert RGB to HSV, HSI, Lab color
spaces

2. Delete the zero values from obtained
matrices

S =~

N 1. Extract the mean,
skewness, variance and
elongation values of each
color space component

2. Estimate the crop nitrogen

\\
\\

Figure 5. The image processing algorithm flowchart for color indices extracting from sugarcane crop
images
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Figure 6. Original image (left) and uniformed image (right) ‘
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Figure 8. The ANN used for sugarcane nitroge iestimation from color indices
5y s polio g9 31 i oL (3395 Shille o o (S0 omas 45 — A JS
Qo3 Ve g grac FLW ‘_gl.m):l.obli Ay poldo 4 <k

Gl sl olad sl 4 aosls oo Ve isd Jleg [ +/3] e3gacms

5ol 5 b LA ey s 5] AS s SIS oolitul 45t (6 s maan okl L) jolite 4 5 oaile 3L (slaesls
J.a54‘5‘5g&5ﬂ3”;m5wb(a) bs(n)6)50L;s_i~b—‘LBDLRFua)}ATw.:J)5§J|MOJLM‘(BDLRF)V‘SMALT
Oygar ol aclal &b 5l ) peiies y 56S0L Kl BST<5) IS T 2 wed oS o] olKea b g lubl aSes oST )

Slasl e g yLacsl iag 51 g0 y0 aSelds Foly iy Lisogm adsl ol (1 Q) do o Xy o yial by 1l aSiile s B ans oo ialS colgiss

O .
w(n + 1)6&?& =13+ @) — o = 1) ”

. OE %
wicn I = wi(n) = =+ a(wii(n) = wy(n — 1)) ®
1

. o . H e . . P e . .
rolie '5‘) slai ok oy Cnl adsl ol Ko sl 055 rr (S JLadl Ujie 51 sloe ) (e (39 JLail Wiy Ll (ol o o8

@w‘ 6|).>‘ 6‘)" 6‘4)l)|) Mb).: Aml)‘sn(nzl,,N )f"':")5§'”)‘)i’ O)Lo.mnjda)‘o)‘)ﬂ[\ ‘] 41.4[5)0 L“’u—‘)-l"l-“-"jmﬁw
|)>‘56)L~.: c\)l.u T~\\°amul.w)|)51 f).:.la..:bo)\) Le.'j)‘ OOLM‘ 6')" (GUI) J.;)lf é.d‘)f .]a.1|)5‘5;..a$41“»5).19«m uu)lo); 6Lb
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’Back-propagation with declining learning-rate factor (BDLRF)
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Table 1. Comparing of determined nitrogen‘values with the student's t-test
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Taple 2. The error values of nitrogen estimation in sugarcane crop using ANN

Ttmaging height (m) RMSE MAPE
S 5 0.181 0.061
10 0.174 0.056
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