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Abstract

This article proposes a multi-objective detection system based on the Yolov5 algorithm for object
grasping using robotic arms in real-life scenarios. Compared to earlier versions of the Yolo algo-
rithm and R-CNN algorithm, this algorithm has the characteristics of low computational complexi-
ty and high accuracy. Monocular cameras are often used in the market to endow the manipulator
with a two-dimensional vision module. This paper, based on the monocular camera, compared
with the binocular camera, which has a high cost in acquiring three-dimensional data, and the
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problem that the feature points cannot be matched when affected by the environment, is prone to
errors. Combined with the structured light module, a monocular structured light system is gener-
ated to better endow the manipulator with the ability to obtain the depth information of the object,
and finally obtain the world coordinate value of the object. Through experimental phenomena, it
has been shown that the average accuracy obtained is 96.5%, and the positioning accuracy is more
accurate than that of the binocular system. Ultimately, it can better meet the needs of the robotic
arm for positioning and grasping objects in three-dimensional space.

Keywords

Yolov5, Target Recognition, Monocular Structured Light, Positioning

Copyright © 2023 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

1. 51§

BB NEED SRR, AT TR ZERKTFIZ D E . EANTHE LSS, Y0 R
PECAREON TR Tl W 2 TENZE 8] BRIl S5 A0grs A AT /D ) S BEA S [1] o BHECA LA,
T A B A B AT ik —— R RR BN AT ) 7 R HER o 773k BRI 2 1 ol 7
2, HRGE 7TRCRIC. HRRE R[] WP YURT IR AL O BAE ROy T 2 At 5 P A T
IR, T AR B AR R S A R B R R B L rh 2 L AR T TR BT, IR
C2ZBPRR TEGEPLEES], RBIHERRNOERTE, HUESALE B 53] 7 Eif A e .

N T FEEHUMCT X T4 BRI RE 71 I BE 06 HE BRI AU 2145 5 X 38, AL Yolovs SE#EAT
W, 75 0y Astro Pro HIAHNLFE G L H 45 D6 RGUGRBOR LS B, SEIWR R =4 = aE . TAE
TREDY: X H G5 e R SR 2 A B SR AT FriE Ja » $54& PyTorch 34853, 4 Yolovs REAY AT VI 2%,
H BOR B 5 225 11 OM B ] SGBM SEREAT MR UL SR 2 I8, KL 22 PIRIR BE I, IR T3S
nl, BRI =LEAAR, R SEITE.

2. Yolovs B % BRIRHELHA

A FAT ) H FRIR A% K 22 70 one-stage 5 two-stage ’§2, two-stage 572:4X % /& R-CNN [3] &4,
one-stage 52K 2 Yolo [4] &% two-stage FiENG W20 40 BEAT, JR UG UG S 28 1 A e MEAA) il 0 2%
%14 Faster R-CNN ] RPN Z5[5], FXMEEHER N AT 53255 one-stage FiLKE P RD T,
NEG R — AWML, AR g B R a5 0L E 5402415 B two-stage 5 one-stage AL, SRS HE
B, HEEEA, HER,

Yolov5s & —Ff 1| v AR BE 2% SRR, mT LB 4 SR G RS AN 8 A H Aw o B T B R4
2% (CNN)R 2] G R AR REAE ,  FEA8 FH 22 U T A0 90 4% 43 S SRR A 52 2 H A% . Yolovs 7E Yolov4
[6]HHERH_EBEAT T 5, R TRALIIRA . Yolovs 45 FAEfH#E T 10 MAFERA IR, 25 SET
W2 (PR FE AN B RS, OB R IS B0 4] 1 B .

AT LUK Yolovs BERISE MR MDA 5 i B T 4% (Backbone). 251 ¥ 2% (Neck) «
T %t (Prediction).  Yolovs Sy B AR LE iyt ] 2 fim .
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Figure 1. Yolov5 model
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Figure 2. Overall structure of Yolov5 algorithm
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i \uit: Yolovs FyEME T REAMBIRIG SR 777k, oo 1~4 sk R kAT RENLE BT . 4608, BH)E
BENLDFRE S KB, I EHAREE, RGO, PRRNAATRR. Bl &N 5. B IEMN
B 487800 T, VISR ARYE Frik B B8R E A, BB REENKSE, L TER, H
FOIKEE, TR 4 10, SRR B IR

‘BT 2% (Backbone): B T4 T-HEIURAIE, FEAWIGE/MRFIER], W1t T Focus Z5#4[7]F1 CSP 4
. %71 Focus £5#4, /it Backbone fif, *FEF#ATYI A, ER )RR — MR R —AME,
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B 5 BB S LR B A% R R FERFE B . MRS T Yolovd H LA EE T & il T CSP 4544, Yolovs
Mt T CSP1_X & fd AR T W%, AN CSP2_X SiFyfdi F T M % b, K IR Sy N 23 s >4
3 AT B ER R AAS ROk, W R ZE A F B AR, KA S R S T RS AT
WS G AT CBS, 318 ) BT ZIRHIE, 1Y RESZ BT [8].

SR 4% (Neck): 25130 X 438 7 T B T- W25 5 Head #ibk 2 [8]. BT KR T E AL N 4% 2
MRRAE, GnBith . R0EE. S, JTRAREE: B SURHIERIR T B LR IR 2 IREIE, 15 M B H A &
KT R . Neck S5 HELSEIL T %2 B RHMERR ZE SURAE IRk &, AEARAE I I RO R, DAMESR
IR N Se 4 HRFE. Yolovs SHikHol SPP Bk | SPPF, JRTE Pan 45#JF AT CSP. i#t—B4F+ T
CR7 b I N NN Vg ol 8

5% H (Prediction): head /24 Detect #bk, H=A> 1* 1 BRI o 38 TH4E Bk 4k, 1K K25,
RhiEiE, SREBUE 2RI REE S . MRBICE, HREZI S, RBURELFHE. HER gird
BURREE, 183 CIOU_LOSS 4 2k BT SAi A8,  an oh Tl 28 2R
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BEENLAGE. HEhER . BANENETE R ARRZE SRR, KA 3D M ARATY AR 5]
Sy s ARG T T 1) S FHBRCR R 22 o AR MUASEZE 350 20 L5 1R T WL T AR A, I8 Y RGB AHALAT A4 1 &
R REET R BT M5 B, U Re NEMRE RS s i, AR ELE R Bk 5, bl
BT (R R S mf I, AT 75 LSRR Pk B 25 AE ML BE 285 1) S i, AT E i 45 A G A
PG RS, R =4ES A bR . 75 3D M AR R = KI5 2 45H)6(Structured-light). L
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Figure 3. Composition of Structured light
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FH SR CARIATE T 26 ok, B iR AR, SRR, I HYG ARSI B B s . A SCR
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Figure 4. Mathematical model of speckle Structured light
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4. SEIER R
4.1. BFRIRBISCLE

F5T Yolovs 1) H bR iRy 75 200 — i B M BEE S d-7 II Zk, IR SCHTHE i 5 B 451606 R BEAH
B, AR VAR B A B8] DAL SCERTT & AR AN R, S g A AT 4045, el 1000 5K &
R ESCA R R EAESE, FIRPRERA TS BAnE, AR fE RS IR 8:2 It 7 Be, U4k
i FIZeAE %50y 10, JEIARECBCN 100, S R/ E Dy 640 * 480, 16/ Yolovss 4L, Firf CPU N
AMD Ryzen 7 5800H with Radeon Graphics, GPU & NVIDIA GeForce RTX 3050 Ti Laptop GPU, #REf2%
SJHEHE pytorch.
S gt & B Accuracy (HERZ2) . Precision (HERfZ) 1 Recall (1] 28)2H Jil o e 24 5550 45 B mAP (F
VRS a7 B, A A 0N
mAP = ['P(R)d(R) ®)
AR, AP ZHER AN B R R PR SCR MM T, BT T 1, AR IR

T . 5 NIIZR3RAT ) Precision Al Recall X b6 &1, 7T LAt BEAE I ZR I I, BB &4 5 1112,
I HEIET 1, 1331 mAP {6155 96.5%, HEMTERLT .
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A TR IE AR X ANLEAT AR €, OpenCV X Tz 5kt AT 1Ak, W E#EFIH] OpenCV { AR
BRARBEAT AR E 19 BIASCHTAE A IARMLZ S0 S 1 s

4.3. BARARSELE

SR BRI OAE TR BOR I 5 225 1 ORI HEAT BRI IG, s DL RCARH T 5 - AR R4 -
MZETHE - ERACE A ELPUAS P BRI BOR FHREME R IIHLZE , (1] OpenCV FEH ) SGBM 4w UL AL

DOI: 10.12677/airr.2023.123021 186 PNER ST IR YN


https://doi.org/10.12677/airr.2023.123021

L &

metrics/precision metrics/recall
1.0 1.0
09 09
N 0.8 M 0.8
m 0.7 o 0.7
0.6 0.6
0.5 ] 0.5 J
0 50 100 0 50 100
IERIREL IR IREL
metrics/mAP_0.5 metrics/mAP_0.5:0.95
1.0 =
r 0.5
0.8
" 04
?{i 0.6 <03
s
o 0.2
04 |
1 0.1
02
0 50 100 0 50 100
NZR/T VIR

Figure 5. Precision and Recall comparison chart
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Table 1. Camera parameters

= 1. HEH
RGB #H#L IR FHAL
[[602.005 0.  333.335] [[584.336 0.  323.739]
e [ 0.  600.856 233.002] [ 0. 58384 240.568]
[ o 0. . 1 [ O 0. 1. 1
WA AR 240 [[0.023 0.498-0.004 0.  —1.483]] [[-0.101 0.376-0.002 0.002 —0.442]]

[0.9980544085026888, —0.0005053133907268852, —0.06234695122237745;
WEFEHFE R —0.00192747042416588, 0.9992391545866735, —0.03895377772019822,;
0.06231919869600642, 0.03899816148599567, 0.9972940694071134]

[-0.003415024268825395;
PmFEHERE T —0.01214055388563491;
0.02662079621125524]

Table 2. Comparison of positioning accuracy between monocular Structured light system and binocular system

2. BRZMNRGNNE RGEMBEIEER

SRR &R Y S R B iR E AT IR % MUH 5E A R B X H ENLF R
(mm) (mm) (mm) (mm) (mm)
600 596 593
700 695 697
800 794 7.4 795 8
900 890 889
1000 988 986
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