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Abstract: [Objective] To achieve the automatic sorting of citrus fruits. A smart sorting system combining machine vision algorithms and
an intelligent camera is designed. [ Methods] The system is composed of a detection room, an intelligent camera, a mirror, a lighting system
and rollers (including conveyor belts). The intelligent camera is equipped with a microprocessor, which can capture and process images
without a dedicated computer. The lighting system consists of LED light strips positioned above the fruits, operating in stroboscopic mode
synchronized with the camera to ensure uniform and stable illumination. For the captured fruit images, machine vision algorithms are
applied to perform image segmentation and image labeling, achieving fruit size estimation, circle detection, color index estimation and local
defect recognition. [ Results] Experimental results based on a dataset of oranges collected from a certain orchard demonstrate that the
proposed system achieves high prediction accuracy in fruit size and color index estimation. [ Conclusion] The designed online smart sorting

system can efficiently complete the sorting and detection of citrus fruits. Compared with other advanced computer vision algorithms,
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including automated grading systems based on the Raspberry Pi platform and nondestructive quality detection systems integrating machine

vision and spectroscopy, the proposed system achieves higher accuracy in local defect classification.

Keywords: citrus fruit; automatic sorting; machine vision algorithm; embedded microprocessor; color index; confusion matrix; correct

classification
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Figure 1 Arrangement of machine vision system

components in detection chamber
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Figure 2 Camera arrangement with mirror positioned at

BERAL

45° relative to scene plane
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Figure 3 Scene captured by camera marked with red box
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Figure 4 Principle of entire machine vision system
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=Sl EARES ERVES LIRS
ERES 100 0 0
ok 0 100 0
EORES 0 0 100

22 BBEME

Sy T VR E B4 AR A O Ak T O TE PR RE L R
JH €400 B 4356 B2 1 (R JE R &R ikt 2 /) T shill
A KR BEHLIE I 6 > 8o 3ANHRAE DU AL 4 AL

T FHEETNRAREEMERBENOERBE KRB KRS

BB, et 12 AN SR 5 IS R A . S T
M WL AL DL ZR G0k B 1) WU RE 0, 1T AR 4 o 6
S PLEE I GE R 000 B 2 8] A AT e . 5 R /MG 3T
— R KK RSl 3

135 CCI<3,

2 225:3<<CCI<7,

%5 32.CCr>7,

F 4306006 BE TN A5 (19 7K 2R F- 3 CCIME 5 2R A 8 &
15 BT F GETE B HLA AR DG BT R mLE 43 BT, K45
R AH OC R B R 0.940, 32 J5 19 74 0.928 ., K172
HE CCLARMERIRY . R BERYAH S /] LI 2 CCl
{8 22 1) B 52 BR 22 R i B . CCIMH Ny 3~7 AU AE T+ & B
TH KRB B A — B, BN GO R, AR Y
CCIUH X I 2 (e 4 1, 46 80 A9 CCIARL I Xof o7 359 0 5 (2 ) 48
To B, CCHETE 3~7 Z AU KR Z 18 1) 22 S FE e I
AR

27
_3 2
SE. 17
=
21E . :
= ) 2
i é t 7 - R*=0.928
<E 2l g
= 3k ) ! 1 I I ]
-3 2 12 17 22 27

7?:%‘@'1%(1@‘1
System measurement CCI/mm
A7 srEE+NBME R LN EAF R 4 CClE A
A
Figure 7 CCI obtained  from

regression  model

spectrophotometer measurement values and

system measurement values

K2 N ASEB T ARG R RIRBENE . TR
AR RIFIER 3R, MILZT B 1REHY IR
ok O, A M HET S 2 M B (E 55 2 K BRSO
— BB (0 DR R IR o UL R GEXT T T B A
TR AR, PR AR T 1 B A RO > 7
23 [SEBGRIEAE M R LB

F) B AR B GE 43 BT R 2 1.2.6 T (14 Ja) 358 it e A6 7
0 5 — 4R T BEAT RO BT, ARAS AR T B0 3 TR A gk

F2 RANERRREIUARZAESENRIFER

Table 2 Confusion matrix for fruit classification by color

using machine vision system %
gl ERES LRVES EHRES
1k 86.0 16.0 0
CHPES 0 90.7 9.3
ERES 0 1.9 98.1

75



76

ARESS5EBE4HE FOOD EQUIPMENT & INTELLIGENT MANUFACTURING

B, I 5 3k (12 /9 26 T3 R AL 3E 19 K S8 A Bl o &
48 SCHRL 13/ 3 T R85 IR - 15 09 11 3l 4k 53 9 3R 48 R
kL 14110 3% T DLAS P05 5 063 fl A 19 i I3 G 48 G T 2 44
RS RN EE AT LA R R B S KUE TR (A) 25
it W7 24 0l 2 Ak (B) AR AE (C) Lo JEE (D) Il BERG (E) |
i T (F) 6 F A, b Bl b 2 A 1 48 745 304, B A
P TAE 4 A 7 8 AT PR CR AR DR I 3 i ol s 288 Y 1y
T AT 120 5K B 1%, 6 Fh 6 BB BE 00 8 7 B Sk gk
720 5K G o RIS, SR N T A8 1 e B S R A 4y 2
PUESEAN [ 3h 0 R R GRS . S, 012 34 R
A4 FVCE GE D (FV2(07 25 i B g i R 80 .

B 2938 | 2026 F 3 A | RGBS

FV3(I{E UM 5 22 i I R B0 o 3 HRAE [ 4%
TRGEIT T e . FV 1 i — B et i, LB 2 5 X
A OG0 i A E B FV2 AL Y B SR
B 05 R I DB 2 B G B9 £ B SF S FV3 0 BT A R
(/17RO N NN S g

A AL LS LA B R A 2R IR 3. SRR,
K 2 R 2 B m R R RE . SR, X TR A R
P8 B 6F R AR A 1k O 150, T ST AN A B ML AR AL 1 B R AR
ST RGERIPERE R R XS A T IR ARG E NS B
PG P2 45 AR, BHC AR RS B 58 70 3R A 58 48 /K SR A1 WLy
I AR R /0N TB8 2 0 4

*3 AEAHEERFARGBHEBRA XN BEKERE

Table 3  Overall accuracy of classification using RGB color components by different algorithms %
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