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Navel orange recognition based on wavelet transform
and Otsu threshold denoising
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Abstract: [Objective] To solve the existing problems of noise interference and ineffective detection in the
target area during navel orange recognition in agricultural environment. [ Method] A navel orange recognition
method based on wavelet transform and Otsu threshold denoising was proposed. Firstly, we chose a better
contrast and established the YCbCr model with color space helpful for image segmentation. Then we designed a
navel orange detection algorithm based on Otsu threshold denoising and reduced noise interference in the
segmentation region of navel orange. Finally we proposed a circle filling method based on the center of mass to
determine the position of navel orange in the image, and the detection result was displayed in the original
image. [Result] The recognition rates of cyan and orange navel oranges were 87.10% and 94.18%, respectively.
The recognition rates of navel orange were 92.96% and 90.15% respectively under direct light and backlight, and
90.82% and 93.18% respectively under occluded and unoccluded situation. The total recognition rate was 92.07%.

[ Conclusion] The method has strong environmental adaptability, and is suitable for the identification and proce-

ssing of navel orange images under different occlusion, light and skin color conditions in agricultural environment.
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Table 1 Statistics of navel orange recognition rate %

JIi%: Direct light 155t Backlight X , -
RIS ke AR iﬂlllﬁi‘ﬁﬂ” i) e RIS gﬁiﬁi‘ﬁﬂﬂ i) A R B
Peel color ® . > o = ® o Occluded Unoccluded Total

Occluded Unoccluded Direct light only  Occluded Unoccluded Backlight only

25t Cyan 82.93 90.38 87.10 83.33 89.47 87.10 83.02 90.14 87.10
P& Orange  95.40 96.15 95.81 91.07 91.11 91.09 93.71 94.63 94.18
ST Total 91.41 94.23 92.96 89.71 90.63 90.15 90.82 93.18 92.07

PR 5y 3K ) 95.81% F1 91.09%, A% FE IR 5
M) (1) 475 5 T 4 IR0 2208 94.18% T X T2 F
JE R, H bR 5 A 5 1 SR IR AR AL B0 )
FAR AL, 78 2 PG &4+ T8 87.10%. X
2 FE £ RN AE T 4 0, 5 R R A 4 A
90.82% FH 93.18%. 5% %4 K B, YCbCr Zil {5
RUR BN R AR 5 Otsu B8 25 14 J7 25 AR R )
RN 92.07%, BEA R 25 B 1R i B8 A e AR Y g
A

3 #ig

ARSI X AL A5G A AE (AN RIS 15 0 D't
2% R MR B2 B 2% AR T FRD B A R0 RS P2 AN B 1)
[, i R — A /N AR AT Otsu BB 25 MR IR
I B2 B N A R SR R AR AR A B Y
AT HHIE 23 B, SR 50 E 5 3 X 303EAT Otsu 1]
fE LW AL, f i BEoxt B 23 H1 X T —F 5T L
I B2 5 R A B, [ o B9 7 2 e s T
oo w6 as REM, T/ AR Otsu BI{E %
0 157 R AR A B0 BE A U R R Z A ML IR BT R
T PRGSO AN EE A 17

S -

(1] FRICPe, 2R, AR ER. ML AL B ARAE BRI 5
SE LA ST H R 0], TH S HL AR 5 AT, 2017,
53(17): 218-223.

2] BREIT, ARMAZE, ReR V4, 55, J6 T 00 2 35 MR ot K
G BO 5 28 BB 0], ARl TRR 54, 2013,
29(6): 157-165.

[3] PENG H, SHAO Y, CHEN K, et al. Research on multi-
class fruits recognition based on machine vision and
SVM[J]. IFAC PapersOnLine, 2018, 51(17): 817-821.

(4] XUSE, BRALMG, 28, 55, FE T K-means S HOHRI
BEAEZ IR T [T]. RHUALBT 5T, 2020, 42(2): 22-26.

[5] WANG D, SONG H, TIE Z, et al. Recognition and local-
ization of occluded apples using K-means clustering al-

gorithm and convex hull theory: A comparison[J]. Mul-
timed Tools Appl, 2016, 75(6): 3177-3198.

[6] LIU W, ANGUELOV D, ERHAN D, et al. Ssd: Single
shot multibox detector[C]//European conference on com-
puter vision. Berlin: Springer-Verlag, 2016: 21-37.

(7] JEIE, B, R, & ETRESINEZME SSD
FbRAS I 7 95 0], 20405308 TR, 2018, 47(1): 302-
310.

[8] LA, W1, AR, %, AT 2 2K AR H
AR A IE AT it SSD BRI, Al TREA4KR, 2018,
34(16): 155-162.

[91 RENS, HE K, GIRSHICK R, et al. Faster r-cnn: To-
wards real-time object detection with region proposal net-
works[J]. IEEE J Pattern Anal, 2017, 39(6): 1137-1149.

[10] ZERRTE, PP, Sl IR 2 I HESE Faster-RCNN )37
R HARIII]. HUBBTH S HTIE, 2019, 35(5): 24-27.

[11] AR, Frte, SRR, . BT B AR 2 I 2% 1) 75 A
BB TRINT]. SRR AR R 2241k, 2018, 39(6): 110-
116.

[12] MALIK M H, ZHANG T, LI H, et al. Mature tomato
fruit detection algorithm based on improved HSV and
watershed algorithm[J]. IFAC PapersOnLine, 2018, 51
(17): 431-436.

[13] FADHEL M, HATEM A, ALKHALISY M, et al. Recog-
nition of the unripe strawberry by using color segmenta-
tion techniques[J]. IJET, 2018, 7(4): 3383-3387.

[14] SOLEIMANIZADEH S, MOHAMAD D, SABA T, et al.
Recognition of partially occluded objects based on the
three different color spaces (RGB, YCbCr, HSV)[J]. 3D
Research, 2015, 6(3): 22.

[15] 2= 4k, X135 57 . /N AR e A R 0 ) o 8 A F 7
(FESO)[I]. 7K 22 22 4R (B AR B AR, 2009, 32(4):
566-571.

[16] AR, TEi, AR 5T, & FT/NEAR S 5 & I0x H iz
(R0 AL A MG SR VA D). 2 SR H, 2019, 40(5):
688-693.

[17] 55, X, #13E, . 5T 308 Otsu 777 RS
B oy EIREFE[T]. a5, 2019, 26(2): 15-19.

[HfEHwE £ K]


http://dx.doi.org/10.3778/j.issn.1002-8331.1603-0155
http://dx.doi.org/10.1007/s11042-014-2429-9
http://dx.doi.org/10.1007/s11042-014-2429-9
http://dx.doi.org/10.11975/j.issn.1002-6819.2018.16.020
http://dx.doi.org/10.1016/j.ifacol.2018.08.183
http://dx.doi.org/10.1007/s13319-015-0052-9
http://dx.doi.org/10.1007/s13319-015-0052-9
http://dx.doi.org/10.3778/j.issn.1002-8331.1603-0155
http://dx.doi.org/10.1007/s11042-014-2429-9
http://dx.doi.org/10.1007/s11042-014-2429-9
http://dx.doi.org/10.11975/j.issn.1002-6819.2018.16.020
http://dx.doi.org/10.1016/j.ifacol.2018.08.183
http://dx.doi.org/10.1007/s13319-015-0052-9
http://dx.doi.org/10.1007/s13319-015-0052-9
http://dx.doi.org/10.3778/j.issn.1002-8331.1603-0155
http://dx.doi.org/10.1007/s11042-014-2429-9
http://dx.doi.org/10.1007/s11042-014-2429-9
http://dx.doi.org/10.11975/j.issn.1002-6819.2018.16.020
http://dx.doi.org/10.1016/j.ifacol.2018.08.183
http://dx.doi.org/10.1007/s13319-015-0052-9
http://dx.doi.org/10.1007/s13319-015-0052-9

