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Abstract To enhance the postharvest sorting precision of moving apples, a method for detecting the

maximum cross-section diameter was devised based on the orientation of the apples. The RGB images of
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apples in various positions were captured and their orientations on the conveyor were acquired. Image
distortion correction was performed using Zhang’ s calibration method, and apple areas were isolated
through color segmentation and morphological processing. The center of the apple peduncle/calyx region
was determined using the gradient change of the R channel component, and apple orientation was
assessed based on symmetry. The maximum diameter perpendicular to the orientation was then calculated
as the maximum cross-sectional diameter. To address the projection distortion resulting from the increased
camera projection angle, a projection correction equation was formulated to rectify the detection outcomes.
The results reveal that: 1) Diameter detection was conducted on 720 images of 60 apples (Fuji and Yellow
Marshal each have 30). Single image detection accuracy, defined within +5 mm, was employed as the
criterion. The proposed projection correction algorithm significantly increased the accuracy from 65.3% to
95.3%. 2) The diameter detection results of 12 images per apple were averaged to determine the final fruit
diameter, which achieved a 100% accuracy rate. Notably, the 86. 7% of Fuji and 93. 3% of Yellow Marshal
exhibited a detection diameter within £2 mm with root mean square errors of 1.5 mm and 1.1 mm,
respectively. Overall, the method proposed in this study accurately detects the diameter of apple fruits. It

can offer valuable technical support for apple size grading and be used as a pertinent reference for sorting

2024 4F 55 29 %

near-spherical fruits and vegetables.
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Fig. 2 The process of extracting apple regions based on color segmentation combined with morphological processing
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A and C are the starting point of traversal and stem/calyx center; L is the line crossing A and C; B is the intersection of L and apple contour; D,

and D, are the area of the two-part of the apple divided by L; D is minimum area differences between D, and D,; n is number of traversals.
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Fig. 3 Process of apple orientation determination
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Fig. 4 Detection process and two types of apple diameter detection

kA, SR AR W AR A A 2 sk RR I
FOAR KA OO, DT 52 i A 0 45 2R o O T A BRI —
R A BRSNS N TN =R ERCE S A e LT
SEIRFR R R O R DL S I AR A U Y K I

P i
PN TTIEN
PRV NS DO
. v )8 ~
A" " I’ :\‘I/ % \\\
5 7 RN 2N S~
P v oy A ~
s P N . R
. 1 \ \
v I \
- N ~
a7 s m N \\\
R R [ N
REEIE EMUNERE RAHE

o1 Al o, T3 RAEAR RS T I .
¢, and ¢, are the projection angles of the apple in different positions.

Bs5 #ELERE

Fig. 5 Projection distortion principle

5% 7 B G R 0 E A P R AL 1] e A
Bl ESR SR Z R LR R B . B TET
SIHT A 548 FH BR AR AL SR 1 B . L
160 7 T KR IE J5 B L P 6, HL v A 4 A s AR
e 1A A RS F ThT, BR AR A S PR AR R s

MRAE B 6 Ch) v ) B 0 245 /) IR B, R M B
D EE AT LI EEE O'C

O'C=(r+ 247 — 45 (3

Ao BRERSER IR, mm.

H = AT AR 55 B AT A5

= arctan D
1
OB
¢ = arctan (5
(3}
+

X O R ARAL T B SR T Y S R OA 3k
IRBEFE A2 10 B S BN Wi s A BE B mms Ay R AHAL 2
FAZ S T B BB, mm; OB R BRAK 35 A i 5 05 3
B 05 A BE B mm B Fl o 4 B R AR AL G B S
MA .MO' MB {3,

B (3D ~(6)3K 7

OF=—" %)

cosE
DB = 0OA + AB — h, X tana (8
OM = h, 9
MN=h,—(0O'C—48) (10
A O'F JyBR AR ipes B BR R £ 52 47 U126 14 /K 7 i
B, mm; AB RS 22 i BN BB A RS R

25, RISy fie R D) T LA AGL DB, o s MIN R AR BIL o
O FIERAR LG AR  mm.

mAHIEEIE R 1S .
OF _ MN (1D
DB OM

255 (D~ =SR2 A2 r 51 I AR
ABZ I8 (77 #4 «



AN R S i RN DEE e SN 2 NTNEREE o217 131

G-

a0

A EAT LT
(a,) MIALE Side view

(a,) IEALIE Front view

(a) Nif% "= &l Scheme of imaging

WG T

42 mm
(b) AL IE B Projection correction principle
oy R By S 3 590 S REAIL 28 BSAR ST T A% 3% AT O SF- T80 A9 B B, mam s MO AR AL A0 5 N S MAE SRR S TET A B AS £5 O Sl MTE AT 1T 7 e
BE O IR L s A TN BN IR B 72 AT IR A r W RESRAERIRAS  mm 5 8. o 23 BN AL S MA MO' MBI S, (D5 E F 435
N MB 5 BR VR 3% 18 A1 07 T8 (9 58 845 D o MO IE A 28 5 UG- T 19 32 485 C g O A8 A% BT ot 1 T8 (19 B 45

hyand h,are the distances from the camera to the imaging plane and the center plane of the conveyor, mm; M is the center of the camera; N is

24 mm

the mapping point of M in the center plane of the sphere; O is the mapping point of M in the imaging plane; O’ is the center of the sphere; A and B
are the left and right boundary points of the sphere projection; r is the diameter of the apple to be sought, mm; £, ¢ and a are the angles between the
camera’s optical axis and MA, MO'and MB, (°); E and F are the intersection points between MB and the surface and central plane of the sphere,
respectively. D is the intersection point of the MO' extension line and the imaging plane; C is the mapping point of O’ in the center plane of the
conveyor.

Be6 MG TREEREYKRERE

Fig. 6 Scheme of imaging and projection correction principle
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Fig. 7 Comparison of diameter detection results before and after correction for apple image
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