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Fig.1 Basic principle of binocular stereo vision technology

/i O-XYZ. Oz‘Xzyzzz\ OI‘XIYIZI %%Uﬂ‘jﬁﬂé{éﬁ?%\ E*H*ﬂlélé*ﬂ?gi\ ZE
ABAEAR SR OO EAPLIAERE, m: D = Oy — Oy AW H AN, m;

Note: O-XYZ. O,-X,Y,Z, and O,-X,Y,Z, represent the world coordinate system,
the right camera coordinate system, and the left camera coordinate system,
respectively; f is the focal length of the stereo camera, m; D = O2 — O is the
baseline of the stereo camera, m; P(X,Y,Z) p,(x,,y,) and p,(x,,y;) represent the
same point in O-XYZ. 0,-X,Y,Z, and O,-X,Y,Z,, respectively.
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Table 2  Stereo matching method based on feature selection
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Table 3 Comparison of stereo matching algorithms based on deep learning
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Fig.3 Stereo matching framework based on convolutional neural network
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Fig.6 Stereo matching framework based on graph neural network

2 WEILFRRHEARFE R SR E A

W8 2 X0 SLARI 5 5 ARAE A B2 AIE 7 P RN
H BT A DT N2 AN R o Fom 7e, A KR 4y
EPERIEA R S E ST A K SEE A E
Wl S5z m. Wik 7 fros, T 2024 48 10 HidEid
] P B Tl A o) A E SEAR RS B A KA DI
T F A R BT R R, IR I 20 4 (2004—2024
) MBEERIEAT R T, WEAMRBL TN HE
] PR 5 SRR T AR B s e I, AN O SRR
T Web of Science. EI ( Engineering Village) . Elsevier
Science Direct; FA T @ CH W : X H MW (binocular
vision) « AR AL Cstereo vision) « XU H 3L K AR B
(binocular stereo vision) ; N A 3 @ ¢ 88 iF] . E {7
(location) « KA (picking) . ll#& (measurement) . &
E (pests) &; WS Kk TFE¥%FL (agriculture)

M7 SCERE SRR, 3 5 A1 P AR SR 5 5 7 K
FREY S50 S 7T 20 BB K s, BN
AR T TR T 24 (R I 9 U R AR SRR . X R B AE I
BrBe, SUCH SEARRL SRR AT, R 78 R S
AR SEMSHONETT 1, B OB AL, [F
I, AR T RN 5 24 7 Tt B T R BRI A AR (A
—o— [H 4} 3925 £ R i Foreign fruit location and picking
= [EUMEH 2400 B Foreign crop parameter measurement
| [E 4 7 U3 2 Foreign pests identification and pesticide
—o— [H Py HL 55252 A7 KAl Domestic fruit location and picking

= [y {49 2 ¥ Domestic crop parameter measurement
60— [ gy sz 2 Domestic pests identification and pesticide

H i Number
B
(=]

B7 dmEEIAE

Fig.7 Line chart of publication number

2.1 RELEMFHSHESH

BRI B E R TE, RERFES, X
IK TR AGALAR N T AR iz % WFAR R
AR T, H— R RS =4 e, L
SR NAE SR 10 E AR Bl 1 B 42 S 0. B W H
P R GIRBUR W A5E H LE(S S, BB LA 1 &
(158 67 5 SR AL AR SR

KA A N L& X H AHML, 75 KA TAE A REXNH
BIG, —Sebff 70 2 imad 0 H B b SR sz H bR AT IR 51
F oy B 5o BAF BB OB X 3 (region of interest,
ROD) U781, A &t %+ ROT #5431 F XU H S7AR L5 B AR 3K
HOOE 22 1, AR5 R = A 0 D SR s i) = e Al
BR800, X R IR AR ALE T80 T AR B AR KIS T,
M3 T SR . R U LA A LE SRl B AL
¥zl i H AL B EAT R A, 25 4% i 2 ik
] YOLOV3 H Arif A% A A gk 4T SEp A 460 4 HY ROI,
PO H I A2 AT ROT SR B 31T ULRL, e d i X H
AL = A 0 2 R B SRR T 1647 s 67, 45 21 (R 1) F
GNIF)SE AP I 4T 1R 2253 710N 39.0 F1266.0 mm. AT
UE S AR B A [ 5 A R e T R Ol R
TANG 277 75 S 6 FIBA R 25 1 5 Ll A48 SR Sdb AT /2 4
7 1% 2 43 Bl 23.568 F1 23.524 mm. HOU 2571 £ fH
B ZEK R 200~500 mm FIALE, 753K 4 5552 A1 1)
SPIJARHRZEN 8.63 mm, “FHIFIXHRZEN 2.76%. SR,
BT 6 ROT 34y, ] RE 23 20 S S Bl A B3 45 2.
R SR —E R, A &K Hix
AT 45 5 00 2 B i AT 45 90 4 AR [R) D gk 47,
FH R S IR 45 25 B 00 0ok 400 22 P ) 2 43 3 L = 4 A b, X
il 7 BB LE OR R S PEARS FE AT HE T, T8 4 H 2% 3
B RYEA R AT, LIU 28 S04 4 0BG N
P 1) YOLOV3 H A iR AR R v LLSRAS B o 9% 35 1)
IA=R =S CI] B A NI - A7t W el LS UN
AU ZETE 5, e X 55 P 3 1 45 J T H 5 e T v g 38 1)
SYEARR, TE 1.7~27m BEEAL, BT LN iR =


http://www.tcsae.org

%1

WPt BEAs . XUH SLARAILSE AR S FAE R A v (1 S P A T e 33

N 24414 mm, FHMXFREZEN 1.17%; HU ZEB 55T
TARTRR BB B e AL, Horh YOLOv3 iR
VLGS MIE X Y Z BI04 B iR 2R
3.1 mm, ifii Mask R-CNN & 3.9 mm, ¥Ji& 3=k 5 1) 5E
PR, WEMREESMERLERS S, BraEN
H EMREAT0 SF ME ™, @ — REEE, Wk,
PEW . TR REANEIRBUR IS Uk 1 = LA FRY . 3
B 7R S IR B o A6 AT 5 A I 76 A 5
] 75 2= 25N FE 1.5 m {0 PR S R SR AT R I SR 52 e A il 5
FEA G R B IE 8 6 B8 S AP 19 46 6 1% 22 45 —20~20 mm 30
Bl 82.5%, 1Efm Yok M~ $5 4 bt i %5 7E—20~20 mm
T d7 72%. TR B R AL A8 N BE S ARE H AR R Sk
(RTAE RO, B R A e, SEBLE BR

RSR LA NAE TAESRE T, AR 0 22 B A
KAE R 1 R S0 B 0 0 = AR LA 22 3z sh ™), 58 %
U ¥ i P ) RSV e Y=g 1A < Y e 1
B 2 o P, S 0 v R P R e A 5 b B A (simul-
taneous localization and mapping, SLAM) B9, 542 =
SLAM % BERISZR P, BREDSES MR 48 4 = B AR Ak 5 i A
WL RS S E, T8I 55 = PH% AR 4 R R 8 25 0
. ERRL I = 4E i b, XA IR R AT R AR
AT 5 2 R s p A e A R, AR AR R A H A
(Ar B AL N B M mrAr &, 78 Rl bl SR AE AT IR
BT HR A A, SRIREEZEST SR 0l 1) K-means %
FELVFNG TE B P A M 2 2, 2T e/ NVELE AR TR R
SRR, KSR RRBCT S8 A 208 142.7 mm,
SRR ZE N 4.83° JAESRIF U AR FRE LA,
ks FRECAL B . A*BEE L WU SR AR IR K B
SRR AR B SR A B AR S LS . L1 500 SR it
[ A*FIl DWA A0 45 & ST 25 1 A bl L B A\ 42 =i Al
SEi R ERER AR AR, HAE CU” BUHE R ST R 2
9269 mm. ELLBHLE SR ZEN 2.47 mm L7 B
H 4R 20N 26.8 mm, KBRS & SRR
22 EYEKSENE

RAEP A K FE TR RS S 500 A8 b v] DLE B2 v
AR, KR AVEY I B RN S B TR A 3R E R
SR PN, YT FES e A K T I, A
TIEIVERCRART, BEE0REXTRIEY I IEH A KiE
FCZME AP X H SEAR R AR AT R BN

W 8 fiion, A8 A AL IR I R A2 A4 R
T X H STARRE L E AR FI AR & S EERBEY)
Refs SEIUAEY) — 4 R A A K S50 & .

TE I

e =4

FEARL e
Ve — 4k
Ha
Ve K
A AR e

A8 thidm s zn
Fig.8 Flow chart of crop parameter measurement
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Research progress on binocular stereo vision technology and its
applications in smart agriculture

YANG Xuejun , ZHONG Jinbiao , LIN Kaiyan™ , WU Junhui , CHEN Jie , SI Huiping
(Modern Agricultural Science and Engineering Institute, Tongji University, Shanghai 201804, China)

Abstract: To achieve precision operations, it is essential to accurately locate targets within agricultural scenes. As an important
method for obtaining three-dimensional (3D) perception of the real world, binocular stereo vision technology can facilitate the
3D localization and point cloud reconstruction of targets in agricultural environments, thereby showcasing considerable
application potential. This paper conducts an in-depth study of binocular stereo vision technology and its applications in the
agricultural field. Firstly, we summarize the pipeline of binocular stereo vision technology, reviewing its latest research
advancements along the technical threads of binocular camera calibration, epipolar rectification, and stereo matching. The
binocular camera calculates the depth information of targets based on disparity results. The objective of stereo vision
calibration is to determine the intrinsic and extrinsic parameters of the camera, establishing a mapping between points in pixel
coordinates and world coordinates, which includes reference calibration, active vision calibration, self-calibration, and neural
network calibration methods. Epipolar rectification employs constraints to reduce the search space for matching points from
two dimensions to one. Stereo matching calculates disparity by matching left and right images in both feature-based and deep
learning methods. Feature-based methods can be further categorized into local, global, and semi-global methods, depending on
the search range of matching pixels. Local methods search for matching points within surrounding areas, global methods
minimize the global energy function, and semi-global methods aggregate costs from various directions. In contrast, deep
learning methods can learn more complex features to enhance stereo matching results, further categorized by network
frameworks such as Convolutional Neural Networks (CNN), Generative Adversarial Networks (GAN), and Transformer
methods. In addition, three prominent methods of Neural Architecture Search (NAS). Iterative Optimization (I0) and Graph
Neural Network (GNN) are also introduced. CNNs perform extensive convolution operations to compute matching costs, with
notable research directions aim at improving accuracy, including convolutional encoders and decoders, hierarchical pyramids,
and complex cost volumes. GANs synthesize data through adversarial generation, alleviating the challenges of acquiring
realistic disparity in binocular datasets. Transformer methods utilize self-attention mechanisms to capture contextual
information, addressing the limitations of CNN receptive fields. NAS can automatically construct stereo matching network
architectures by incorporating human prior knowledge, eliminating the need for manual design. IO methods do not require the
construction of cost volumes and cost aggregation, saving significant resources and enabling the processing of large disparity
ranges. GNN can model complex relationships between features and extract global information. Furthermore, the trend in the
number of publications in recent years are analysed to examine the widespread applications of binocular stereo vision
technology in agricultural research. Recent literature is synthesized to explore the latest applications. This technology enables
3D localization of fruit targets and facilitates map navigation in practical operations based on point cloud processing. It also
supports 3D reconstruction of crops or segmentation of individual organs for growth parameter measurement. Additionally, it
aids in the identification of crop diseases or pests, combined with precision spraying by agricultural machinery. Ultimately, we
summarize the challenges of applying binocular stereo vision technology in agriculture. Although it demonstrates high
precision in localization, measurement, and identification, it still faces issues such as model complexity, scene limitations,
scarcity of datasets, and a lack of evaluation standards for stereo matching. Looking ahead, future research in this technology
for agricultural applications should focus on algorithm design and optimization, the establishment of intelligent assistance
platforms, the construction of comprehensive datasets, and the improvement of evaluation system to further enhance the
practicality and efficiency of binocular stereo vision systems in precision agriculture.

Keywords: binocular vision; smart agriculture; stereo matching; crop parameter measurement; three-dimensional target
positioning; disease identification
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