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Recognition and positioning method of prune fruit based on fusion of image

and depth information

Xiong Mingming', Li Xiaojuan'?
(1. College of Mechanical Engineering, Xinjiang University, Urumgi, 830017, China; 2. Postdoctoral Research
Station, Xinjiang Institute of Industrial Economics and Information Technology, Urumqi, 830091, China)

Abstract: In order to realize the rapid and accurate identification and positioning of prune fruit by the prune picking robot in
the complex natural growth environment, a method for prune fruit identification and positioning based on the fusion of image
and depth information was proposed. Firstly, the image of prune was collected, and data enhancement was used to establish
prune image data sets under cloudy days, dusty environment and different angles, and then the color image was used to
quickly identify prune fruits based on the YOLOvV7 network model, the center point of the fruit surface was obtained. By
matching and blending the color image and depth information, the depth distance segmentation was adopted to eliminate the
background interference noise, to realize the three-dimensional spatial positioning of the center point on the prune fruit
surface. The experimental results show that the prune fruit recognition model can realize the recognition of prune fruits in a
variety of fruit growth and distribution scenarios, and its recognition F; value is 95.8% at the highest and 83.2% at the
lowest, the positioning method of fusion image and depth information has a good effect positioning effect, when the depth
distance is less than 1 m, the positioning error of the algorithm in each axis is within 0. 005 m, when the distance is 1. 5 m,
the maximum error is up to 0. 013 m, which can meet the requirements of recognition and positioning of prune fruit.

Keywords: prune; object identification; three-dimensional positioning; information fusion; YOLOvV7
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Fig. 3 YOLOV7 network framework for prune fruit target detection
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Fig. 4 Prune fruit detection frame parameter diagram
2.2 ETEGEREGEMAABRIEM
2.2.1 KGRSWERLMS

A 33 i Intel RealSense™ Depth Camera D435i
SL AL BE TR JEE AR AL SR B DY A 2R S 37 5 0 R (8 R IR
PG, P SR o PRI BEARAIL A ] A% 2% o 2 HOR
AR RN 22 5, R A B R (0 TR R JBE TR R — — X
IO, 0 X R €0 1 AR % R P TG 9 e % 2 P e S % ()
L S B RS R AR B Al AU IR 4512 R

o [ %71

https://www.cnki.net

X IO TR A

(a) @K

IR

B 5 RGB-DEHIRINAF & E MR EE
Fig. 5 Color and depth images obtained by RGB—D camera

(b) %

de B

2.2.2 EHRCTIMES HIER

PO RS AR K A3 A S e S 2 il JE S iR A & EL
MEFE 2 S SO R ISR e AR 25 . AR UL L[]
B, AR R A AL A A AT 3890 [ B P B sk

iS5, HAR LR 5 55 G R R B R A B
2% B JHA PR TS S5 T Mg i, Pt RSP E R e

RAENRERE . RS IR B 43 S L= (D) s, Bl bR
SR 5 R R ER AT 6 TR
Pronsun (2, y):{ (0,0,0) P (x‘, V)= threshold s,
Pros (2, y) otherwise
(1)
P Prga(, y) —— RAERE K (2, y) A0 I TR BE AR

Prop(x,y)— S AER A (2, y) A B RGB AR



o [ %71

59 M

Prop (2, 3)—— 0 TR A B (x, y) 4 &R (1
RGB R AH ;
threshold .,,—R B B {5 AL B

Be6 FRERHNEEEREMGER
Fig. 6 Color and depth fusion image without background

2.2.3 VMR IO R YR E

28R TEU) T 2% 75 21 A 2 TR 3R A bR AR A PG 2R
SRR H O s AR AR P, v) 75 7R €0 18RI B2 6] TR o
eI, 280 AR A i e, 75 31 36 T AML AR bR R T Y V5 A
TS H D 1 = G AR HR Pep(2cp s Yor s 2ep) 5 S5 B 2S (]
=4 A A = (2) R .

IC u
vel=z. K 'l v (2)

1

P

FHBLAEBR R T A AR (H , 2 & TR

K] 5% o KT BC o 5 3R A5

(u,v) BRERAIRR T A bR1H 5

K——HIBL N BB BOE [, i AL I8 2o 5k bR
BARIE o

3 ZRE5NMW

3.1 #EENZ ST ME
3.1.1 IZRIREE S0k E
FEFL I 25K FH Windows11 6447 &4t Py Torch 44k
{F# 35% F1 Intel i5— 11400H wp Yt 4b B £8 . GeForce RTX
3050 R\ 16 GBiztT WAFSFREMFICE . R YOLOvV?
W 2 AR AT U 2, S E E IR 1R .
=1 JI&ESsHEE

Tab. 1 Training parameter settings

K (2,020

ZH Jic
Y AL YOLOV7. pt
Y FE X 500
b B R 8
Bk 0.01
T e 0.000 5

3.1.2  BERLIEA 05 L AR AL 18

R SC 3 B A7 et AT TR G 10 200 SR R A AR TR R i
B BEM 48 bR 62 & HEBR >R (Precision, P) . A3 [1 % (Recall,
R) F¥JHE & Y9 {H (mean Average Precision,mAP) , 1T
FanX (3)~=(5) frs .

https://www.cnki.net

REHIR] 45 LT USR5 VR G B Al G i 1Y i SR SR ) A T vk 175
=— X 100? 3
TP+ FP % (3)
TP
R=———X100¢ 4
TP + FN % (4)
1 n
AP=— > P()R( 5
m » Z (D)) R(7) (5)

s TP——FEA Sy 1 B A8 00 A 1E AR A B
FP——FEA Sy G A6 0 Ay 1 A 25 A
FN——FE£ZS Sy TE A A 0 Ay 17 A A 25 ot

A A

F G5 o

283 500 fe N 2R B ARG |, il 28 9F L BB R 0. 5 B

)1 ARG B AR M 48, an I 7 R . E 7T LR

W B AR AT 11 B AR, mA P B A8 fb i 78 % AR

N7RzZE, BTRE, 2/ MEERY . M 117~500 1K

AR v RS 426 Yk 3k AR AR BRI B Y SRy g A AR AR it

Bt mAPHIL R K, R 0.974 6,

1.0
208
% 0.6
S04

025100 200 300 400 500
B

B7 FHREEHETHHLE

Fig. 7 Change curve of mean average precision
3.2 EMERIIRAN MK
SR FH EORS B S5 R0 A [l 20 98 R34 (R AE 19 ) 1A
RS A5 TR 2555 T 48 A F (DA AR 1 00 44 B L
K (6)FTR .

_ 2XPXR
 P+R

oAy B8 UE A ST 1) 245 455 7 A U1 PR RE L, XS Rl 5 R
F1% V8 AR R S0 3 A PR A7 R, GE AN TR 3
AR S RO SR AN SR 2 B, B 2 U RCR
Kl 8B 7w o
x2 ARGRTEERIANFE

Tab. 2 F, value of prune fruit recognition in different scenes
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Fig. 8 Fruit recognition effect of prune in different scenes
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