
 

Piotr PAWLIK, Mirosław JABŁOŃSKI, Zbigniew BUBLIŃSKI, Ryszard TADEUSIEWICZ, „Journal of Research and Applications in Agricultural Engineering” 2017, Vol. 62(1) 
Józef WALCZYK, Paweł TYLEK, Tadeusz JULISZEWSKI, Florian ADAMCZYK 163 

Piotr PAWLIK1, Mirosław JABŁOŃSKI1, Zbigniew BUBLIŃSKI1, Ryszard TADEUSIEWICZ1,  

Józef WALCZYK2, Paweł TYLEK2, Tadeusz JULISZEWSKI2, Florian ADAMCZYK3 
1AGH University of Science and Technology, Kraków, Poland 

e-mail: buba@agh.edu.pl ; mjk@agh.edu.pl ; piotrus@agh.edu.pl ; rtad@agh.edu.pl 
2 University of Agriculture in Cracow, Poland 

e-mail: rltylek@cyf-kr.edu.pl ; rlwalczy@cyf-kr.edu.pl 
3 Przemysłowy Instytut Maszyn Rolniczych, Poznań, Poland 

e-mail: adamczyk@pimr.poznan.pl 

 

 

USE OF HARRIS DETECTOR FOR DETERMINATION OF ORIENTATION  

OF ACORNS IN THE PROCESS OF AUTOMATED SCARIFICATION 
 

Summary 
 

The article proposes an algorithm for detection of orientation of acorns during scarification process. This task is necessary 

for proper cut off of a part of acorn. Described algorithm uses Harris corner detector for location of acorn's remain of 

style. The performed tests have shown that proposed method is characterized by a sufficient sensitivity value as a unit of ef-

ficiency.. Its specificity and precision are also high. 
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ZASTOSOWANIE DETEKTORA HARRISA DO OKREŚLANIA ORIENTACJI ŻOŁĘDZI 

W PROCESIE ZAUTOMATYZOWANEJ SKARYFIKACJI 
 

Streszczenie 
 

W artykule przedstawiono propozycję algorytmu detekcji orientacji żołędzi w procesie automatycznej skaryfikacji żołędzi. 

Określenie orientacji jest konieczne w celu właściwego wykonania odcięcia części nasiona. Opisany algorytm wykorzystuje 

detektor Harrisa do wykrywania korzenia zarodkowego. Przeprowadzone testy pokazały, że metoda cechuje się wystarcza-

jącą wartością czułości jako miary wydajności. Specyficzność oraz precyzja również są wysokie. 

Słowa kluczowe: analiza obrazów, rozpoznawanie obrazów, punkty charakterystyczne, detekcja narożników, skaryfikacja 

żołędzi 

 

 

1. Introduction 
 

 During scarification it is necessary to cut off only distal 

end of acorn [1]. Automatic localization of distal end can be 

achieved by detection of acorn’s orientation. The simplest 

method for detection of orientation consists in locating the 

remains of style. This part of an acorn has the highest cur-

vature. Some methods of characteristic points detection, 

used in vision systems, depend on curvature checking [3, 6, 

8]. One of them is Harris corner detector [2], which is often 

used in agricultural applications [9, 10]. Very useful feature 

of this detector is its positive value for corners and negative 

for edges. It means that analysis of acorn’s contour for 

presence of positive and negative values obtained by Harris 

detector should allow to locate acorn's remains of style. 

 Complexity of Harris-detector-based algorithm is signif-

icant and thus related computation is time-consuming. Re-

cently it was shown however, that when real-time applica-

tions are sought, its implementation can be highly acceler-

ated by means of FPGA [4] or GPU [5] platforms. 

 

2. Harris corner detector 
 

 Harris corner detector is based on autocorrelation matrix 

defined by equation (1), 
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where I are directional derivatives, (x,y) define size of an 

analyzed point neighborhood and adequate values of 

weighting function w(x,y). Eigenvalues (λ1,λ2) of matrix M 

are correlated with curvature in analyzed point neighbor-

hood. If the curvature of the point is significant, both ei-

genvalues render high positive values. Instead of calcula-

tion of eigenvalues, Harris analyzed determinant and trace 

of matrix M (Eq. 2), since both of them depend on eigen-

values. 

kMM=Har 2)(tr)det(  . (2) 

 Fig. 1 shows dependency of Harris detector value on ei-

genvalues. It clearly shows that edge (contour) of an object 

should have a high negative values of Harris detector except 

points of high curvature – then value is high positive. 
 

 
Source: own work / Źródło: opracowanie własne 

 

Fig. 1. The Harris detector values depend on eigenvalues λ1 

and λ2 

Rys. 1. Zależność wartości detektora Harrisa od wartości 

własnych λ1 i λ2 
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Source: own work / Źródło: opracowanie własne 
 

Fig. 2. Exemplary image of analyzed acorn: a) output of 

Harris detector, b) white – positive Har, black – negative 

Har, gray – Har ≈ 0. 

Rys. 2. Przykładowy obraz analizowanego żołędzia: a) re-

zultat detektora Harrisa, b) kolor biały – wartości dodatnie, 

kolor czarny – wartości ujemne, kolor szary – wartości bli-

skie 0 
 

a) 

 
b) 

 
 

Source: own work / Źródło: opracowanie własne 
 

Fig. 3. a) Exemplary image of analyzed acorn without re-

mains of style, b) output of Harris detector (Legend: see 

Fig. 2b) 

Rys. 3. a) Przykładowy obraz analizowanego żołędzia bez 

widocznego korzenia zarodkowego, b) rezultat detektora 

Harrisa (Legenda: patrz Rys. 2b) 

 

 As can be seen on Fig. 2b) positive value of Harris detector 

easy locates acorn's remains of style. However, it happens that 

other points of contour have positive value of Harris detector. 

It can lead to improper detection of acorn orientation, especial-

ly if there is no remains of style visible at all (see Fig. 3). 

 For all above reasons an algorithm for checking contour 

points is proposed. The algorithm consists of following 

steps: 

1. calculation of Harris detector values for acorn image, 

2. finding of contour and maximum diameter, 

3. calculation of the weighted center of gravity for these con-

tour points for which the Harris detector value is positive, 

4. finding a shortest distance from ends of the diameter to 

center of gravity, 

5. if this distance is too long then orientation is not detected. 

 

 As can be seen on Fig. 3b, improper detection of re-

mains of style does not lead to improper orientation detec-

tion – the algorithm rejected this image (orientation is not 

detected). 

 

3. Results 
 

 The set of 88 images of acorns were used in test. On 21 

images remains of style is not visible. For these images ori-

entation based on remains of style cannot be detected. On 

67 images orientation was detected and assigned. 

 Table shows that orientation was properly detected on 

the set of 58 images. 

 

Table. Results of orientation's detection 

Tabela. Wyniki detekcji orientacji 

 

 

Remains of style  

is present  

(visible) 

Remains of style  

is absent  

(not visible) 

Orientation detected 58 (TP)  0 (FP) 

Orientation not detect-

ed 
 9 (FN) 21 (TN) 

 

Source: own work / Źródło: opracowanie własne 

 

 On 8 images, with visible remains of style, the algo-

rithm has not found them and refused to indicate the orien-

tation. Accuracy, sensitivity, specificity and precision are 

statistical measures of performance of detection. Their val-

ues are following: 

– accuracy:  (TP+TN)/(P+N) = (79/88)*100% = 89.8%, 

– sensitivity: TP/(TP+FN) = (58/67)*100% = 86.6%, 

– specificity: TN/(FP+TN) = (21/21)*100% = 100.0%, 

– precision: TP/(TP+FP) = (58/58)*100% = 100.0%. 

 

 In detection of orientation some of these measures are 

more meaningful than the others. In real scarification pro-

cess of a single acorn a sequence of consecutive images 

will be analyzed. In this case, if remains of style is not visi-

ble and the algorithm refuses to detect an orientation of an 

acorn, there can be an another try on the next image from 

the sequence. So, it is safer to refuse decision than to make 

unsure detection. Otherwise, if orientation cannot be detect-

ed and algorithm nevertheless produces some orientation, 

then there is a risk of improper cut off of the part of acorn. 

Therefore specificity and precision are more meaningful 

measures of proposed algorithm, and sensitivity is less im-

portant (although it should not be too high for reason of too 

many wasted acorns). As can be seen in Table 1 – presented 

algorithm has 100% specificity and precision. Sensitivity 

value equal to 86% means that less than every fifth acorn 

needs to be checked again on the subsequent images. 

4. Conclusions 
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 The article presents the algorithm for detection of 

acorn's orientation in scarification process. It was shown 

that the proposed algorithm has a very high specificity and 

precision. Achieved sensitivity is high enough for needs of 

scarification. However, it can be increased by application of 

other methods of orientation detection based on properties 

of the contour of an acorn without remain of style. Such a 

method, was developed for analysis of barley kernels [7]. 

 The main source of false negative (FN) responses is bi-

narization performed during contour finding. Obtaining 

contour by means of binarization is one of the fastest meth-

ods but it is sensitive to illumination conditions. It is possi-

ble to increase the sensitivity by using other, more sophisti-

cated, algorithms for finding contour but this can slow 

down detection of orientation. Further investigation and 

testing is required for evaluation of other methods and 

searching for the more robust one. 
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