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Abstract: [Objective] The extraction of Litchi chinensis (litchi) phenotypic parameters is essential for
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postharvest grading. In order to solve the low efficiency problems of litchi postharvest grading, a method of
extracting litchi phenotypic parameters by image processing and three-dimensional point cloud technology was
proposed, to obtain a variety of phenotypic traits at one time. [Method] The Intel Realsense D405 depth
sensor was used to obtain the RGB color image and depth image of litchi under four different angles at the same
time, and the three-dimensional point cloud of litchi was obtained by mapping. According to the obtained litchi
point cloud, the point cloud curvature and normal vector were calculated, and the mechanical damage area of
litchi was identified. The RGB color image of litchi was converted in color space, and the red coloration rate of
litchi surface was extracted by judging the threshold of red pixels. The 3D model of litchi was established, and
the volume value of litchi was estimated by calculating the thickness of the depth image. [Result] The
mechanical injury of litchi could be identified successfully by the curvature of the three-dimensional point cloud
on the surface of litchi, with the average detection accuracy of 94%. Compared with the method based on three-
dimensional point cloud, the method of extracting coloration rate by using RGB color improved the detection
speed by 90%. The determination coefficients between the coloring rate results based on RGB images and 3D
point clouds and the manual detection results were 0.9574 and 0.9205, the average absolute errors were 6.33%
and 4.37%, and the mean relative errors were 4.17% and 6.01%, respectively. The determination coefficient
between litchi volume measured by depth image extration and hand was 0.890 1, the average absolute error was
1.59 cm’, and the average relative error was 7.94%. [Conclusion] The method proposed in this study can
improve the accuracy of litchi phenotypic parameters extraction, and provide efficient technical means and data

support for postharvest grading of litchi.
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3 50 42 84
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32 HIEEER

Bl 12 43 5 R 74 12 1 L= F RGB Bl 542
WMz BE AR BT H T2 SRR AN T
T A, AN TN 5 4 1R 028 ) Wy g LS
PEEAT R . ] 122 ATAIEE T3 B2 RGB KR
FH 00, 725 [A) A5 8 i IR 73 B 60 3 R0 N T 0 BT 1)
IR R R R IR A O, g R 2L (Coefficient
of determination, R*) Fl1#5 /7 #R % % (Root mean
square error, RMSE) 7371124 0.957 4 1 0.080 9%, -
Yj4a %4 % Z (Mean absolute error, MAE) N 6.33%,
Y X R Z (Mean relative error, MRE) N
4.17%. HIE 12b "I 50, 5T 7 B =4 M= (5 23R

W 75 B 4 0 2% 5 N T W 1) 0 A o B 2R R R 3R
LB 2RI O, H R? A RMSE 235114 0.9205
H10.056 3%, MAE N 4.37%, MRE N 6.01%. %5 %
FH, I A AR AR MBS RS A
TN T P A R e B L AR DR, IESE T AR
77 R FATE . MVS-SFM 50 1] LA 135 76 4
() 7 15 R 2 I FLAR A 17 B, F 2 SRR 5 000 4
B2 g R AR, XA R, A 1 WA
B 22 DA R SR U (2629 #E RS 10 min, T @i
I RGB 8 — 4 UG R B 5 A (3 4
IFANE] 1 min, SARHEESE R T 90%. 45 b, B2 TH
B 74 A5 AR ) 3 T vk, AR ISR I 7 RARIR T



Fs5H R, 25 LT MG AL BN = 4 55 = 75 B R T S 3R 727
1.0 1.0 . *
a °$ b 23}
09 0, 0.9} W ”.
0.8} HE B 08} eV ae
2" % | o )
g07- ’:ro/' E()7. ':,/ °
i;g £, ¥ el g e
§ 0.6 ° // M= 0.6 ° /./
ol “f. - i
& 35051 . //‘ dm '8 05 .
S » =] »
o< 04f L = 504 s
2 g // > //
203} p 203} o
O o 3 ,
~ o2t e e %43 Coloration rate = o2l e °
/// o y=x, R=0.957 4 /// e %% Coloration rate
orf - , o1 e k09205
0

0.1 02 03 04 05 0.6 0.7 08 09 1.0
AN T @R

Manually measured coloration rate

0.1 02 03 04 05 06 07 08 09 1.0
AN TR R

Manually measured coloration rate

12 71X RGB [Elf% (a) =4 =& (b) KMZER
Fig. 12 Detection results of litchi RGB image (a) and three-dimensional point cloud (b)

N TR = 2 b FRTE 2R R HRE T, [RS8 A2 AL
RV g = R S Y Sial o RS B ik S
T I AN P 2 (] B B 755 A 3% T A £ 6 ) T 0 A

L 13 ATAN, FEAE A AR RGB & (L3 KT
BENT FHM s A RGO, X T
RERE R, ML A B T B e R A E A
% 185 s o A% L 1) AR T 2 B /b, AT R
IR A AR . FEMER BN RGB &R, 7
RV B BENL I 20 7 K2 1) RGB %5 (28 45 it 1
—EIEZI .

1.Op g v ¥
‘0: v'Qvax;v ¥ v 'd
091 ev o v ..’0 o 0% ¥ ¢ ¢ v W
vved v ¢ F we R4
08f ¢ v W ¥ v
) ¢ vy v 0‘ ¢y
= 0.7 &Y 3 v
¥ |V . ¥ .
:5]@1 = 0.6 ¢ v,
5] ¢ ¥
S0.5} \ voer oo
Q * v .
0.4}
v f2 Point cloud
031 v L + RGBEZ RGB image
02—t r . - . . .
0 10 20 30 40 50 60 70
i
Number

E 13 ##SZ=H RGB B EGEHAE

Fig. 13 Coloration rate scatter plot of litchi point cloud
and RGB image

3.3 FHER

) FH 75 5 (R 2 B A8 73 B AT 3D S 42
B A AR (B 14), 7682 0 P A4 A A &
P AR R I B SR 0 2R PR O A, 7 A T A R
R? Il RMSE 43 %5 0.890 1 1 2.473 3 cm®, MAE A

35¢ T
30 o7
oo 7
./Q/ L]
525 .!/'/:/'.
g2 eagl o8
= 220 os
= = o i
3 I
= 215 o/‘/...
=E //-/!'
10 Prabin
// L4
5t I o & Volume
e y=x, R*=0.890 1
0 L L ]

5 10 15 20 25 30 35
N L&A em?
Manually measured volume

B 14 FHiFUNAERFATNEARREE S
Fig. 14 Linear analysis for predicted volume and manually
measured volume

1.59 cm®, MRE 4 7.94%. HIAG 45 57T 40, FIH 7%
KR FE BR @ r 3D A, BE T 75 1 3D B AR
FEEEMHE B ERMSE RS N TR RA
AL AR S, R I HE R IR B 89%, WiE T A
T7 RBIRIAT I o A58 DA 7% B AR € b, 32
TET SR R INE o T 75 AR A I 7 v L %
PAHE/K . AR % N o 3, AR5 R BUR
FE G TH 5 75 B AR B, R F IS R 5~10 s, A6
TER RE s IO dT o IF AR I 77 SR T 5 8k0MH 5%
RSr 5 £ S AL B R, A BT AR R BCR S o
I BCRAR T 1]

AHEFEH N T A AR AR R HE K, =
R — R E, B R = fa e
Y, 7% B 0T BE = A 7R K P Bl AN 5 R Rl b 1 BE LR
A1, 2 0 B B 75 b IR B T R P AL OE R — 8

AR



728 Ll K224 (https://journal.scau.edu.cn)

i 46 5

4 ZEip

A%k Intel Realsense D405 VR AL %28, K
LK 4 MAFEMA T B RGB G AR FE
1%, WS 2 F R = 4 . R G AR
A=A i S BRS04 PG R = 34T AL B, S
T BT A AR R 3 SRS H
TR POESEE . FEEE RN T

D) ET Rk, fhRE2RE TR
A BB N TR 70 7 A WU AT A7 o 12 7 ¥k 45 A 1T B
D7 (AR, FE EL 0 AU 195 (1)1 350 R 0 i 3
IEE) 94%, MRS .

2) $2H T —Fh 3T RGB Fifh 4% 0] B R SR L 7
B At BRI W7 B 1) RGB B EIE
A HST AR, ARIE H 435 0 B AE X 8] $2 U7
HRMMA OB EE AR Z7ES55ET MVS-
SFM HyAE @AM =4 A R AGH S m 5 %
XL, IR EERETE T 90%, P B Bam A e,
# 1 RGB G pi = R 5 N T &E 450 20
ST A, R? 0908 0.9574 F1 0.920 5, MAE
43514 6.33% F1 4.37%, MRE 435115 4.17% F1 6.01%,
RWZ T RIE T 5 s R T 4L (56 (%

3) SR FHIR FE BB B J5E A ik B B R AR AR 5
N L& 7 SRR B A BN VIR, R A
0.8901, MAE "4 1.59 cm’, MRE A4 7.94%.

SE WK

(1] AR, HUE, B M, & RIE BN THE AR
R B EE 2%, 2022, 43(2): 14-17.

21 THERE, W, 2R, & ST LIS 0 7 b E 3 A6
W E 353 A FL[I]. TLFR 4O R, 2018, 46(14): 213-
215.

[3] 257 B T LA 0 7 BTE Al B 3 4 bl ik
T FLD]. T Hrg R K2, 2020.

[4] EhEK, SKOCHR, 50, S LT ML SR K R A UL B
o T R R[], | A AT AR, 2024,
15(13): 177-185.

[5] Tk, B3R, RhAENN, 2. K SR W5 JE Rt 7T 3 R
[I]. =N L, 2024(2): 93-95.

[6] FR S, 050 AR AN T2 e AR AL i Je 7
Hr[T]. B, 2023, 25(2): 36-38.

[71 ZE50 K. HeTHLER R0 BE 1K KOK Z UL i o 2 R A ) g 2
THFE[D]. HN: TR Lolk oK%, 2023.

(8] AT, TAZE, 45H%E . J T M2 5L 10 75 A% i 5 B
A SR HER LR, 2020, 41(1): 144-147.

91 kB, skEkA, 207, RANSAE S B &N &R
22 WA A AL A A R R [7]. Ak TR 2A4), 2020, 36(4):

[10]

(1]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

269-277.

TRELHE, A, I, 2. R FHHLES AL IR 2R A K
KBRS &Mk T2, 2020, 36(2): 201-
208.

TR, F R, 05, S5 BT LA ) R T
BRI [I]. Ak TAREAEAR, 2020, 36(2): 193-200.
A, X3, F0Y5, 55, 8 # & FEB-YOLO ##
R 7 B R SE S A VO A TR E S
1], 2025, 33(2): 229-237.

JEPGHE. LT IR BE 2 3] 1K AN A 5 4 2Ky
JHEFEID]. B = fllRE, 2024,

R, AR, # O, & LA S SR IE A I 5
Bt B SEERT T[] BURAROL AR 4%, 2024, 45(1): 53-
58.

SU Q H, KONDO N S, LIM Z, et al. Potato quality grad-
ing based on machine vision and 3D shape analysis[J].
Computers and Electronics in Agriculture, 2018, 152:
261-268.

SU Q H, KONDO N S, LI M Z, et al. Potato feature pre-
diction based on machine vision and 3D model rebuild-
ing[J]. Computers and Electronics in Agriculture, 2017,
137: 41-51.

058, BTSSR 7 BOR S I Sk E D).
T AR RS, 2022.

JAT . TR ER W AL 52 5 5 TE 4Rl 5 43 22 [ D).
L ROl R 5, 2022.

VRO, HE T ML A0 00 1 S S R 43 B (R (D).
MR BRIT K%, 2020.

GU J, ZHANG Y W, YIN Y X, et al. Surface defect de-
tection of cabbage based on curvature features of 3D
point cloud[J]. Frontiers in Plant Science, 2022, 13:
942040. doi: 10.3389/pls.2022.942040.

SETLT, TORY, TR, 4 BT S E RS R S
BHR B S5 AR B 0 [0]. Ak TRE 2 4R, 2020, 36(10):
181-188.

KA, Wi, VPRSP, & BT E RN KK =4S
R B 5 RS HAL ). A0l TR 4, 2021,
37(6): 295-301.

SRR, 0N, TR, . T = 4R S A bR 2
o #E15 RBRHESR B[] 0l THE 24, 2022, 38(9):
187-194.

4 R R AR AL R 22 5 2 I m Lo 4R 2.
% 7 4% . GH/T 1185—2020[S]. db5¢: a4 4 &
E &4t 2020.

BRAE, B8 . B2 T =4 s i i R TR A
D). ARBREAR 2E4R, 2022, 35(3): 349-354.

BB T =4e B AR e SR B E T FE[D]. &b 1
PEARE KA, 2021.

BRA. AT =4 A IR E AR RS WD)
b pa ALK A, 2022.

[HfEHwE £ K]


https://doi.org/10.1016/j.compag.2018.07.012
https://doi.org/10.1016/j.compag.2017.03.020
https://doi.org/10.3389/fpls.2022.942040

	1 材料与方法
	1.1 样本及表型参数获取流程
	1.2 荔枝图像获取平台

	2 荔枝表型参数提取
	2.1 荔枝机械损伤
	2.2 荔枝着色率
	2.3 荔枝体积

	3 提取数据与分析
	3.1 机械损伤
	3.2 荔枝着色率
	3.3 荔枝体积

	4 结论
	参考文献

