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Background

 Color space
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Background

« RGB Color space
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Abstract
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pixel-patch segmentation & = &|Qt&t
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= Accuracy rate: 99.26%

- Recall rate: 98.69%
- False positive rate: 0.06%, False negative rate: 1.44%
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Introduction
» Apple-picking robot
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Related work
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Related work
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-2 3 P XS] 2E 12 4= QU= segmentation algorithm

- Fuzzy-2 partition entropy algorithm
- Exhaustive search algorithm

Input an RGB image
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Convert image from Convert image from RGE colour Convert image from
RGE colour space into space into L*a*b* colour space RGB colour space
HSI colour space into LCD colour
‘ ¥ difference space
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Related work
- 7|E A5 SR oA
- "HE 4: Super-pixel segmentation algorithm
- Super-pixel
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- Bt 5: Deep convolutional neural networks (DCNN)
- Fully convolutional network (FCN)
- Improved deep neural network: DaSNet-v2
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Proposed method

» Apple Image Acquisition
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Proposed method

« Gray-Centered RGB Color Space
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Proposed method

 Color Features Extraction
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Proposed method

» Color Features Extraction

- Color Features Decomposition of the Apple Image
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Proposed method

» Color Features Extraction

- Color Features Decomposition of the Apple Image
- ‘Grayscale’ direction (1, 1, 1)0f| [[tE Atdf OO X[ 2] H E X}O|

cgAot deto 2 FoljEl &4 O|0|X| o] M F LEHH
ROl Yo 2 S| El WA A A0| hot Y S LEEH
- B =R0AE Ao it MBS LIEHLE £ T4 40| te SXg ey
@)
(b)
(0
(d)
< Results of quaternion decomposition >
P A% ndka IVDS\
» SOGANG UNIVERSITY 15 LAP



Proposed method

» Color Features Extraction

= Choice of COI and Features
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Proposed method

A Patch-Based Feature Segmentation Algorithm

- Classic K-means clustering algorithm
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v C;j: clustering center

v I;(x): label function, whose value can be 0(= not apple) or 1(= apple).
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Proposed method

A Patch-Based Feature Segmentation Algorithm

llull{z Z Z HRJ‘H f'; Cinin(k:](x)}
- Iteration process

f”:l*cﬂ;

< Optimization Equation (6) >
C:}A D ZRH{ f}IA]/ZI”\}f—l N,j=1:3
-2) C¢;; 178, I; @M 0| E - optimization & differentiating reo

< Differentiating Equation (7) >

-1); 173, ¢;; BHIO|E > optimization & differentiating

(k+1) (. 1,i = imin(x), . i . (k+1)
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< Final Equation >
- Algorithm review

Algorithm 1 K-means clustering algorithm based on pixel block-based

Input: Original apple images f
Segmentation region N
Initialization: Randomly initialize I;(x),i = 1: N,k = 0
Iteration: According to Equation (6), calculate C(k“)
According to Equation (7), calculate Ii(k“) (x)
k=k+1
until 18D () = 1% ()
Output: ;(i = 1,2,...,N)

ﬂ AT < K-means clustering algorithm based on pixel block-based > VDS
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Proposed method

 Criteria Methods
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Experimental results

« Visualization of Segmentation Results

oo

- Gray &+ color space®| A 3 x 3 pixel block clustering segmentation= 7|82 2
-~ Number of clusters: 2 (At2t, Hi Z)

- Blue line marks: AF2tC| edgeE HEA|R

Original image Visual i i ion results
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Experimental results

« Comparison and Quantitative Analysis of the Results of Segmentation
- 42 =5 =0, O|0|X| M2| A|lZh= 2ot @ ne[Fo| dE8ds TdAA

- 1,2002F 2k2~(4000 x 3000)2| O|O|X| > 750,0007H(1000 x 750) & &

-—

-2 =0l Hetet o Hlug o HES
- Fuzzy 2-partition entropy

:'= Color feature selections 7|22 Z CIELAB color space2| color histogram thresholdS A5}
O| 0| X| £ segmentSt= &t

- Superpixel-based fast fuzzy C-means clustering method (SFFCM)

:'= Accurate contour2 7HE! 7+ IH &AM O|O|X| & & 7| 2|3l multiscale morphological gradient
reconstruction operationS ‘3 2|5t 11, A& S|AE 12 -Z fuzzy cluster class objective function2
AHESHO] Z 2] O|O|X| binarization segmentatlone Egért B

- Convolutional neural networkZ O|- 2%t Mask R-CNN € 12| &
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Experimental results

« Comparison and Quantitative Analysis of the Results of Segmentation

A

- Experimental comparison of different methods
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Experimental results

« Comparison and Quantitative Analysis of the Results of Segmentation

- Average Result Based on Database

Table 1. Average Result Based on Database.

Method Method Source Recall Precision FPR FNR
Fuzzy 2-partition Entropy Fuzzy 2-partition entropy 87.75% B4.87% 9.36% 12.4%
Fuzzy C-means Superpixel-based faﬁft huzzy 94.34% 06.87 % 1.37% 2.97%
C-means clustering
Deep-learning Mask R-CNN 97.02% 08.16% 0.47 % 2.54%
Proposed algorithm 08.69% 00.26% 0.06% 1.44%

|| Time (Secend)

2.89

a4 .55
'l' 1. 37
1 -
0. 25
o T T T T
Fuzzey 2-partition Superpiel-Basid Mlask H-0NN Propased Algarithng
Emtrogry Fast Fuzzy C-Means
Clusiering

< Computational efficiency of different methods >
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Experimental results

» Double and Multi-Fruit Split Results
-HEY or-2l 2| I EFAL O| 0| X| & EE5HY| 2lol 7| & 2X0| AH&St= A2 20 H
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< Double and Multi-Fruit Segmentation Results >
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Conclusions
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- Gray S 2| color spaced| A patch 7|2 segmentation & 1 2[S= | 2t
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R T2 SHA 0| A QHY R o 2 AbD} segmentationS TS| Qg

o ALt O|0O] X| O] parallel/vertical decompositionE & 7| 98l quaternionS A%t
- =% O|O|X|O| A MEHSECOl ZH =25 F 30° O|Ljo| &= HIE T/AZ At Jolgt

« At2t O| 0| X] 2] target area2| segmentation= T+¢4 2}

- Color features@} local contents 25 =L

- MQtot L n2So| EF
- O| 0| X| L{f =& 9| color degree
- gray %/ 2| RGB color space0f| =%/ ¢
- R 7| H5k0| gray 41 Q1 TAO| color degree”t = U st
- Vertical decomposition= & = O|O| X[ 2] A& HE7F I & BtH &
- Segmented target2| geometrical shapeO| & FX| k|11, segmentation error/t 3| &gt
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Conclusions

« Segmentation Result and Analysis with Different COI
- COI2| MEHO ket Crot target=S segment & = U=
- COI red (170.03, —84.99, —84.99): A1} feature ==
- COI yellow (85.01, 85.01,—170.01): & feature ==
- COI green (—170.01, 85.01, 85.01): LT ! feature =& i
— COI blue (—84.99, —84.99, 170.03): S}= feature &

Red Apple
I

- Feature maps of leaves, sky, and soil under specific COI

Original image Leaf Sky Soil
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