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Article Info ABSTRACT
Article type: Canopy cover fraction (CCF) is one of vital parameters to determine crop
Research Article appearance and stress detection. Recent advancement in technologies and

availability of digital camera with high quality provide suitable condition
for monitoring and determining canopy cover fraction during whole
growing season without disturbing. In this study sugar beet aerial photos

Article history: taken from research field of science institute in Switzerland was used. A
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10 November 2024 drone on four different dates. To determine the canopy cover fraction, five
Accepted 16 December 2024 supervised classification methods, including Mahalanobis distance

(MahD), maximum likelihood (MaxLh), minimum distance (MinD), neural
network (NN) and support vector machine (SVM) were evaluated. The
results showed that SVM and MaxLh methods with an overall accuracy
(OA) of 99% had the best results in image classification and CCF
calculation. The comparison of the obtained results for all imaging dates
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Figure 3. Classified images for second date of imaging via studied methods of classification

Table 1. Estimated canopy cover fraction, soil and shadow percent via various classification methods for four times

Stage

(Imaging Date) Classification Methods Canopy Cover (%) Soil (%) Shadow (%0)
MahD 3.47 93.92 2,61
MaxLh 6.03 91.68 2.29
1 MinD 2321 70.38 6.41
NN 5.42 93.27 131
SVM 5.46 93.05 1.49
MahD 10.61 80.26 9.13
MaxLh 15.21 76.81 7.98
2 MinD 18.76 71.26 9.98
NN 14.91 78.77 6.32
SVM 14.42 715 8.08
MahD 20.44 69.86 9.7
MaxLh 28.54 64.32 7.14
3 MinD 19.56 67.29 13.15
NN 28.38 64.64 6.98
SVM 26.64 65.92 7.44
MahD 22.08 56.64 21.28
MaxLh 34.91 50.74 14.35
4 MinD 20.64 53.15 26.21
NN 30.42 53.74 15.84
SVM 31.48 52.13 16.39

L{ pdhL.w u‘)t" L)»L»‘)J so.\ﬁu.é)an Lgllbdu.w.) LS‘)" Jefferies )L.’.n u»lwl)) Lgy.b;i:.im 09")1 & by)p C)Lu
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opl 9 eaudils CBY g odd L ye dlwd 93 (e St S SSE slixe 4 Wil 505 Y @ sdelcuwnda
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Table 2. The results of the separability test (Jeffries-Matusita) of the selected training samples for three categories of
vegetation, shade and bare soil

Stage (Imaging Date Crop Shadow Bare Soil Schematic figure
Crop 0 1.996-1.999 1.99-2
1 Shadow 1.996-1.999 0 1.975-1.999
Bare Soil 1.999-2 1.975-1.999 0
Crop 0 1.977-1.998 1.991-1.999
2 Shadow 1.977-1.998 0 1.975-1.999
Bare Soil 1.991-1.999 1.975-1.999 0
Crop 0 1.998-2 1.999-2
3 Shadow 1.998-2 0 1.999-2
Bare Soil 1.999-2 1.999-2 0
Crop 0 1.992-2 1.974-1.999
4 Shadow 1.992-2 0 1.999-2
Bare Soil 1.974-1.999 1.999-2 0
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Figure 4. Confusion matrix of classification methods mentioned in the study for four time steps
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Table 3. Evaluation parameters for various classification Methods at four imaging dates

Evaluation parameters

(Imasrr?ggeDate) Clijse'tfr']f;gslon Overall performance Vegetation Soil Shadow
OA* K* UA* PA* UA PA UA PA
MahD 99 98.26 100 99.69 99.71 98.65 94.26 98.95
MaxLh 99.18 98.58 99.69 100 98.58 99.97 95.13 99.87
1 MinD 73.97 54.86 61.93 53.06 T7.47 78.47 79.9 100
NN 98.38 97.15 100 100 97.75 99.42 97.46 90.69
SVM 98.76 97.83 100 100 98.38 99.45 97.67 93.32
MahD 97.7 96.5 100 94.92 99.73 98.04 93.03 99.96
MaxLh 99.03 98.53 99.45 99.96 100 97.75 97.31 99.96
2 MinD 84.46 76.48 77.6 70.56 91.59 83.26 81.93 99.92
NN 98.81 98.19 99.24 100 98.66 99 98.6 97.37
SVM 99.12 98.66 99.7 100 99.94 98.16 97.42 99.62
MahD 99.69 99.52 100 99.52 99.36 99.66 99.47 100
MaxLh 99.88 99.81 99.85 100 100 99.73 99.81 99.81
3 MinD 82.29 73.48 93.99 66.88 63.21 91.14 93.03 99.94
NN 99.85 99.77 100 100 100 97.7 99.72 99.75
SVM 99.95 99.92 100 100 100 99.93 99.94 99.88
MahD 97.01 95.45 100 91.01 92.14 99.51 98.38 100
MaxLh 98.88 98.29 99.15 97.39 96.92 99.24 100 99.78
4 MinD 80.89 70.89 86.72 48.14 67.34 90.29 89.43 99.99
NN 98.65 97.95 99.94 95.98 95.34 99.93 100 99.87
SVM 98.97 98.44 99.65 97.16 96.72 99.6 100 99.96

OA: Overall Accuracy
K: Kappa Coefficient
UA: User’s Accuracy
PA: Producer’s Accuracy

Countinued table 3. Evaluation parameters for various classification Methods at four imaging dates

Evaluation parameters

S_tage Classification Vegetation Soil Shadow

(Imaging Date) Methods o o CE OF CE OF
MahD 0 0.31 0.29 1.35 5.74 1.05
MaxLh 0.31 0 0.03 1.42 4.87 0.13

1 MinD 38.07 46.94 22.53 21.53 20.10 0
NN 0 0 2.25 0.58 2.54 9.31
SVM 0 0 1.62 0.55 2.33 6.68
MahD 0 5.08 0.27 1.96 6.97 0.04
MaxLh 0.55 0.04 0 2.25 2.69 0.04
2 MinD 22.40 29.44 8.41 16.74 18.07 0.08
NN 0.76 0 1.34 1 1.40 2.63
SVM 0.30 0 0.06 1.84 2.58 0.38

MahD 0 0.48 0.64 0.34 0.53 0
MaxLh 0.15 0 0 0.27 0.19 0.19
3 MinD 6.06 33.12 36.79 8.86 6.97 0.06
NN 0.15 0 0 0.30 0.28 0.25
SVM 0.07 0 0 0.07 0.06 0.12

MahD 0 8.99 7.86 0.49 1.62 0
MaxLh 0.85 2.61 3.08 0.76 0 0.22
4 MinD 13.31 51.86 32.66 9.71 10.57 0.01
NN 0.06 4.02 4.66 0.07 0 0.13
SVM 0.35 2.84 3.28 0.40 0 0.04

CE: Commission Error
OE: Omission Error
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Figure 5. F1-score values for four time steps and five classification methods
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