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Binocular Matching Method for Strawberry Targets Based on
Semantic Features

BI Song ZHANG Donghang
(College of Electrical and Conirol Engineering, North China University of Technology, Betjing 100041, China)

Abstract: The binocular camera-based target localization system has the advantages of short starting
distance, high accuracy, and low cost, which is suitable for strawberry target identification and
localization applications in space-constrained greenhouse strawberry production environments. Accurate
target matching is the guarantee of the effectiveness of binocular camera measurements, but the surface
brightness and shadow areas of strawberries vary greatly in natural environments, and it is difficult to
obtain stable and accurate matching results with the binocular matching method based on local features.
A binocular strawberry target matching method was investigated based on image semantic features, which
can maintain the stability of the target description under the conditions of large illumination changes, rich
image texture, fruit occlusion, image blurring, etc. , and therefore can improve the accuracy of binocular
strawberry target matching. The semantic feature extraction method of the strawberry target region in the
image was firstly designed, and secondly the strawberry target similarity calculation method was designed
based on the semantic features and the geometric constraints of the binocular structure, and finally the
binocular strawberry target matching in the greenhouse environment was realized. The experimental
results showed that the correct rate of strawberry target matching applied to the greenhouse environment by
the method was 96.3% , which can provide good target matching results for the strawberry target
binocular localization system under the actual picking environment.

Key words: greenhouse; strawberry picking robot; semantic features; binocular matching
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Fig. 1 Strawberry image acquisition device

1.2 EFUWEHWMESEIEXLERZKSGXiZIT

A SCBTE I 7 1 B o 2 O B4R H AR R
5 EIRL . QAR EIRE LICRCRI, BAE H
FriUnll 5 73 BB PR T I gh i 09 7 g H FR Ul 5 95
I 2, NSEBR AR BR 58 0 G b i 2 A H Aw E
BAR R X, kB B %E B bR R IX Sk A I 25
B W SCRRAE 32 B0 2%, 4R 15 Bir A3 B 45 H A il FF
fE ) £ o PO, JE T T 24 ARI Al 26 29 3R 50 B N 4
A 8B G54 JL AT 24 30 RF UG I RE %5 B bR xt, X 2
AR AR R B AR, R A A AL R B AR X
BRI SCRRE ) B R RS L BT, M A AL A S
LIS RERE B bR AT ORI T, 50 B 3 2 4 R
FAF B AR B AR VCEC H A5, DA 2R 75 5L %5 KR DT e
X o ERPEECN AT TR T XCE 0y BRI . 5k
SRR E A 2 s

w2 s, A B A A A PLIER , 20t B FR IR
5 3 EIREHS LA SE B AR R 58 0 EHR rh if E
FAE H AR 0 RS R DX 5 0 B g DBl ARk A
FROE SR BN 28, 3045 22 A7 AR BL MG b e A 3 %5 B An
i SRR &, A (X, , X, X, X)) R T 22
FHALAP PR B 4 D FEEE R AE M) i, (Xgy , Xy, s
X)) BB A AP 4R I 3 A R & 15 SRR E 1)



BORY B BT SCRME R RORE AR XL A VE R 7 505 417

> [ LR
1%

| HEHE
IR 5 70

| BEEEEY
) BRI

X, X, X

WL HE IR R A

X, X (X, XX, X,\(X, Xj)

1 2R L1 L i el S’ S IR ESE

{l ] {I HEE B EEB " | o
XLI XRI L‘g%mﬁ XLl XR3 iglf'ﬁ]ﬁ

fpsscs| OB | e WaEY

< [ R

Xo X | CEymi | Xy Xo| [ExmRE PHTILRL
B B |5ess2| B B | 5754

X, Xy | [ TR

B | | #5m05408 I TASE

= 3 S < BEESIEE

Xo Xe| MEyam | (X Xo | CEX@E | | WRESE
® ./ B 5:688.2 ., BT84

Wi
B2 BT 0UH A A UG TR M AR

Fig.2  Whole flowchart of strawberry semantic

matching based on binocular
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Fig.3  Strawberry target recognition and segmentation

module effect
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Fig.4 Strawberry semantic feature vector definition
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Fig.5 Distributions of semantic feature vector distance data among strawberries



%5 1

BORY B BT SCRME R RORE AR XL A VE R 7 505 419

(k)
6 [A]— B Ag 20 o3 ) 00 25 25

Fig.6 Results of the same strawberry after segmentation

network

FRFANRIEAT B 6k Fr R g, bR AR AE ) 2 PR
% 1 E"I“% o
®1 A—ESZAEBEYSERNEES
Tab.1 Semantic feature vector distance between

the same strawberry
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Fig.7 Results of different strawberries processed

by the segmentation network
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Tab.2 Semantic feature vector distance between

different strawberries
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Fig.8 Strawberry semantic feature vector distance distribution box plots
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Tab.3 Strawberry semantic feature vector distance

distribution box plot special points
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Fig. 10  Effects before and after constraints
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Tab.5 Coordinates of center of circle outside

strawberry of camera image B%

R G % center ¥ center
AL S 149 592
AHHL2 5 796 771
AL 3 5 963 668
AL 4 5 1 069 671
LA 490 747
fHAL2 5 649 647
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Fig. 11

Schematic of minimum outer circle of

strawberry mask in Fig. 10
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Tab.6 Strawberry pre-matching relationships

that satisfied constraints
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Tab.7 Manhattan distance between pairs of

pre-matched strawberry samples

TVCFC B AR XS (42, ) 0 i R
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Tab.8 Matching accuracy for different rejection values
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