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Fig. 3 Checkerboard image and corner points on both sides of the program detection mark

WIURIRAS T, 8 ) K1 3 4% 26 707 T v BB oK 476
mm , W45 7y L Bk A T S5 o R

hiy=H—k, X [, (10)

ho=H—k, X[, (11)

QBRI B 5 Wk op B et . 2P B BL R 2%

100 W ik vh A5 5, [\ 25 4 1 By 3l o 1) 41 % 5)) 68
mm, 15 H SRR B 5 Bk B s SR A (k) h

100

k,——— (12)
’ 68
E—2 1R 2 L F AL S Bk v oy R o oA
pr=k, X Iy (13)
o=, X hs (14)

O SHAE S BT T R A RS485 H
H, fi F Modbus-RTU PS5 45 i H3 11 45 il 4 38 15
L5 kB , DATF R ARAE Ry B 4, A2 ik A
RECTIEI ()N

Modbus-RTU #3130 - 48 2 & s bk i dg
B B AE R kA B A7 CRC B 27!, CRC
52 56 2 — b A R di 2 75 AR I A B R . AR
P52 L — AR PR 1% R — T2 L CRC
TR RMEA R BRER, REBYIG IR 5,
i DA - AT S B 8 8 07, K 2
(BRI R X0 I (E AT 52 502 5, S O A A
B S LA 35 B 20K [, B X R 45 4 ) CRC A%

iz FEE THAD 25 44 e ik o 50 o S b 4%
R AR T 1 HES S ABE AT, 54T CRC AR, 1581 58
BEIEIE A . KK RHLE R A S ERIE S 2
R T A A O AT R S A A AT R
], ) 58 B, PR R 6 s S LR B4R A R
LA FT
1.4 BFIZITXREEAR

DFEFEYAL . 28 TR, RS 5 5 1%
FARERR T R IR 5 % 3 S R PR v, A
JE 1] JEL SR 1A AR 1], RS ABE 2 5 8 1) 455 441

AFII T e TARBETR A7 7R 5 U5 R B )R, 3
AR R A, B 2R M R 1) B8R . D B
e B AL P 3 R T e e R 5530 o oy PR 8 4 L &
BAL B S 2SR 1 3 IS B , 2% R bofy b BHAE SR
i 2 St 4 , R ] AR b 3R 22 1R

2)GI B G X o AAER A I PR R0 ], 12 %
e R RSP AR 5, D O R A Ak B ) — Al 2R
P8 Ry 8 B — i de KRR 5 R Se itk ol H i
) Py P A5 it -0 2, T A A 30 5 21 A9 14
8 IBE 1R FHTE] B o

BEREMRRAE IR, R R AR Y A B[]
R G YR R R, B R O Al 2R
TR EAT, AT IR S I R, O Rz 2050
SN HT U IS IR) 7 5 24 28 98 - DO IR I e
= 1 TIPS e 187 D45 L N ST 2 e N 1 P
P s 80 TR A 9 1) B DU b P A5 S SR 14
RO PG AT AR PR I ST RIDRE iR ] B
T 9 24 TS 20 5 2 T B AR 8 ) 20K U st it 14145 A
T

3)GI AL o B AR R 5 P (R A H A
B PR Ak BB 55 2 R 1 A B o e A d R R
2 b AR T R RO AR

2R R bR AT 55 BB AN T AE R AR 4 AL, AT 55 BA 1
PR LB S A AT 55, T AR LR AR SR IBOF AT A 55 BA S
RS . HARREUN TH0E EIR, BAR S SR
SRS iy, G RT S BHRT A T AR AR 5
Bl S I A LR AR BRIk B B A, WA A AT 55 BB
TR TARL RS IR

i o) 1) P AR e P 1t 5 S R R b, D sl
B TAF LR RE PATAE 55 3 F2 v ) B8 U5 5 4 32 MR A
R, LR A R TARR R BB oy 1o Gl
ARG ST R0 A D00 PET A5 AR 0 i B JBCA 0 T 50 )
A, 5 R AL BT 4 1A R Ak BEAT 55§12 52
2 R LAR AT 55 BB 5 P B Ak BB B e vl R o



o5 2 1A

AR 45 - ST HLASILE Aol 1 A 3h i e B B il 263

S [ IR A 1 28U R 1 SRS S R
EBRLRAT 6L S BAL I AT 55 P2 B S MM

4) QU S AR oR KR . ke R RS E
JRE PP L, i PP B — A Sy 2 A s PR, IR
FP A% AR R S PR R i . R RIR I AE
HAES, RTINS A5 B R 0 BRI A T S S WL
B AL PEEER

25 LTI, TR B B Al SR ) R e AR
TR AN 4 R

2 HRE5SH

21 REFEEERE

TG 5 HE Y Sh I e A 5 R . & kA
£ 2 m, 7 € 300 mm, 3# B 7] £F 0.08~0.16 m/s i [l
PUVR T 5 S5 Sk A R A 1 92018 % X1 08014 %, fix
NG B O 4 em A% IR R AT RIOR: I R R R 10~
15 cm; & H A # %5 ik Raspberry Pi 4b, 7] FH N A7
8 GB; [l A5 ¥ He bt 21 8 K J¥ 580 mm, 1 B A %A T
F2400 mm, BB H N 1.5 m/s; Bk Ly 57 25 3k
HLAL, A2k o0 1,87, 5ilA% 8 mm; A6 ME R LI I 45 M
DM542C 5 il 5 , 400 4 53 o W) 345 2 1 55 30 4%
b, SR BB PR R A2 0.6 m, PR [RI A2 2 2R 7]
HAF B FFIRTEE R 0.4 m,

SR T 6 UE 2 2% A R 1) Al SR B A R R
MBS0 5 () 2R b X R R S A 32 B VD H Al
HEAFARER I, Vo EA /N SKIBR 5 F 35, HE
AR 1 2 57 B b, ] A Sl D3k 2R 496 52 B B 1Y)
HAE 5
2.2 BTEIKE

VAT 2 5 D ) 5 ) ) s T 2 A R 8 A% 2 i B
R IHT .  FHLE R 10 Ml 1 419F
WK G, BEAILAR 2 T Al R A9 2 RSk i
FLA AR A 2228 R /N S T W LB S 26 R ) 2
B F Ry S 3 AR T R, B e
(IEATEEE A 0.15 m/s , KT 3] (%) oA 23R LA K 3 )
() R TI % , AR B0 AL, ] B SRR I A5 B 1 2
FrmH . I8 AR P 45 B BEAY TR ) 25 SR & 6~ 141 8
JIi7R o

LA 3 250 (0 TR At 2 0 S XA L 9 1) Al
SO T B 1) Al SR AL 53 B Ry R A i 1
UM MERA A ] BT . 3% 1 n] A, 7E $R AT
I b A U 1 A TR ) B SRR [ 1 T R 43 A
93.3%0.82.6 % 434 Ui 7E Hij 1 Al SR R B 1E 0

S, A3 A SRR 2 B, R e 1 A TR S A A SR mT 0ol R
e — R R AR BROE s — R I
TR R AL TR RS R A T IR SRR AR
MR AL TRCRMEE . BEXF LR B, MR
T 5 VA [ B, 38438 B W AT 10 ¢ ARG 24 i A SR T R A
], T R AR AR AR R FG O0 , #EAT A T3 7 AR 4
PR R T AR BT T R A A AR AR R, WA B
N TNl A S A T 2

3 3 X 1B P AL 43 BT FT AT BRLAS Al SR AE 3 1)
BREZH 1 24 SRR T IR 530 o 9 - S5 B[] Oy 6 s, 98 1)
(F- X B 15 s, 2B Y e & TAES BN B X
Bea e TEU T . S AR LR T R
h 3B HT- s AT I 1] 4300 O 1.45.0.09.,0.48 s, 15
AF A SR 1] 56 G Pl 15 Ak 1 2 04 70 1 %) o R TR s 1)
SU IR QNS T 20 0 0 I 7 S Gl e £ o 9 1 S g |
CE Ve SRR Y i vl SO | 0VAY ) [ D S 7id
i A 3 el R ) RGO 2 1) 08 () S ) S Ry
0.45 m, RS A 2 4 98 1) 2 A4 (] %) 1 25 R 0.2 m, il
AR P 70 B EMGCR AR 5 A L, 338 2k B 11 42 i A 1)
FER 3% 248 8 0 B B, Al AR G Bl A% 32 47 32 B0 220
WAL AL o PR J5 PR UG AT I, A R A T 0
T (49 - 1 BsF ) 45 % 28 4 s, R 1 4 57 3 P A 4 O &
8 s,
2.3 FrriEstie

FEHRATIR IR 1 S mh b, EATIRAT TAERE A
55, X BB AT T AR 2R 50 ) IR B B0ds A 740 HT L
ARSI LAT /N R P AR AT TAE TR AR 0 40
AT LB B : (1) BUGCR AL T 5 (2) 14
l A 5 (3) I 1) 4

SR PR A SR AR AZ Bl Ak B S 4 22 20T IS
YT AR 9 T, e B AR 175 150 2 24 A A 2R 58 B
PE I B S Al 2R 5 AR I SR SR FIAL 3L, G 1Y)
0 A 5 so FEULZRME T 27 UER LAMAN R iE A 3%
AR TES BRI 5 s 1 A28 HOCA 1Al il
X 1 min PIFAT TAERBEECT 78 B ) Al R 450 il
AR BIHERR R ) R [FRESEAT 3 Ui, DA
3 ARG 1 PR A 3 1 YA TE B I [ A SRR
e LR ) A SRR L AR A Sk ER AT R G 4 TR
R AN () BN, R 2 T S0, IR AT TR,
ilt SR 7 4y 2 25 R 50 9 R 25 ORI 1) B B 2y S R
97.4% .87.5% ,~F- X8 ] I A 5.20 s, #H L #3474
KT P8 s, AT TARRORIE T 350



264

LS N AN S o ¢

o545 3%

T LA Working thread

RIENG R A
Pomelo image
acquisition

| il g

Detect pomelo

v

G

Capture image

PIX
Image buffer

W T

Meet the
preset requirements ?

i 1f Stored temporarily

bR Caleulate the time interval

ﬁY
VAT R A7 BT
Invoke image path Image processing program
[ J
l 4744 Package

Image processing task

| @ LT %

A 4
| SEFLE25 B0 5]

Process task queue

SR
Wait for idle

Uk ?
Maximum number
of threads ?

Execute task

| W%

jlfuiss i

Create thread

SR E R AL R
Pomelo image
processing

v

| A F B

Extract pomelo target

—
F_____

v

ZRMAEHE Ph 2k | T2

Draw mid-line and center-of -gravity line of rectangle frame |

| il 45

Judge posture

%______

7
Need steering ?

| A

Draw fitting circle

| I S

Calculate steering parameters

¢ A4k Creat

Parameter transfer task

| BHAERIE S

v

Process task queue

| HEFRAES 05

AEREAs A
Wait for idle N

i) Query

iy isi o
Maximum number
of threads?

| TS

Execute task

Dl f

Create thread

T
Pl
Control
steering

A 4

‘ BB E

Communicate and transfer parameters

v

| R

Steering rod displacement

i S8R

Steering completed

Fig.

B4 BAWMREERBESFTERER

4 Workflow diagram of the program for adjusting the orientation of a single pomelo

v

Bl RrekiE
Image display thread

Ay 2

Create an independent thread

AUEEREASH.

Dual-thread interaction

FAFRb AR AR

Extract main-thread processing results

R
Image display




o5 2 1A

AR 45 - ST HLASILE Aol 1 A 3h i e B B il 265

ES5 BzhiFmikiie

Fig. 5 Automatic steering test device for pomelo
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Table 1 Results of the serial mode tests
LI /s Module time
45 P I R A - A —
Group  Initial orientation ~ Steering required  Correct identification Correct steering (LES A3 i
Capture Processing  Communication
7 YR 3 [ i
1 JC 3 B 7 9 (90%) 5(71.4%) 1,48 0.10 0.47
7 tip 3 round
7 g 3
2 I I 7 10 (100%) 6 (85.7%) 1.44 0.10 0.47
7 tip 3 round
9 a3 1 I3
3 PR L i 9 9 (90%) 8(88.9%) 146 0.17 0.47
9 tip 1 round
44 23 3% 7 4 iy
23 93.3Y 82.67 1.45 0.09 0.48
Result 23 tip 7 round % # y
x2 FITRAMWKER
Table 2 Results of the parallel mode tests
, R . Sl /s
a1 I ) A AR S
. . . . . . e . . Average time for orienta-
Group Initial orientation Correct identification Correct steering . .
tion adjustment
1 10433 2 B3 10 tip 2 round 12 (100%) 9(90%) 5.00
2 10 2R3 10 tip 10 (100%) 9(90%) 6.00
3 12 2346 1 B3 12 tip 1 round 12 (92.3%) 10 (83.3%) 4.61
251 Result 32 2R3 3 5 32 tip 3 round 97.4% 87.5% 5.20
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Design and test of an automatic alignment device for pomelos
based on machine vision

ZHOU Lefan', LI Zhen'?,JIN Qingting', LU Shilei"?, FENG Wanmei'?

1.College of Electronic Engineering (College of Artificial Intelligence) , South China
Agricultural University, Guangzhou 510642, China;
2.Mechanization Research Laboratory of the National Citrus Industry Technology System,
Guangzhou 510642, China

Abstract An automatic alignment device for pomelos based on machine vision was designed to
achieve fully automatic alignment of pomelos to reduce costs, increase efficiency, and set free manpower.
A camera and infrared sensors were used in conjunction to capture images. OpenCV was used to write an
image processing program for determining the alignment of pomelos and simplifying shape calculation of
alignment parameters to complete the task of controlling the planar motion of pomelos and achieve a unified
alignment to leave the device through the aligning rod. The designed device was tested on Citrus maxima
(Shatian pomelo) in Guangdong region. The results showed that the device achieved the accuracy rate of
initial posture recognition and the average rate of successful alignment for Shaddock pomelo in the serial
and parallel operation mode was 93.3% and 82.6% , and 97.4% and 87.5% , respectively. The average op-
eration time for the program to align pomelos in the parallel operation mode was 5.20 s. It is indicated that
the automatic alignment device designed for pomelos can accurately identify the pomelos that need to be
aligned , and efficiently carry out the task of aligning pomelos. It will provide a feasible solution for automat-
ic alignment of pomelos.

Keywords pomelo ; machine vision; image recognition ; automatic alignment
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