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Localization Method of Rebar Tying Nodes Based on Binocular Vision
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[ Abstract] Aiming at the problems at an actual rebar binding construction site, such as multilayered rebar mesh,
complex operating environments and light, and dense components, and to realize the accurate positioning of rebar
binding nodes, a joint localization method for rebar binding nodes based on binocular stereoscopic matching and
binding state recognition is proposed starting from the actual needs of multilayer rebar skeleton plane binding. This
method is based on joint target recognition with binocular vision. First, the feature extraction network of AnyNet is
improved by introducing a Hourglass feature extraction network and an Efficient Channel Attention Network
(ECANet) to improve matching accuracy in the rebar mesh region. As the multilayer rebar mesh has a complex
structure and interlayer relationship, the target lashing work layer is obtained by depth filtering. Second, a lashing
node localization model based on rebar skeleton extraction is proposed according to the characteristics of the target
lashing work. Additionally, the coordinates of the rebar lashing nodes are obtained by extracting the rebar skeleton
and fitting the equation of the rebar skeleton. Finally, the state of lashing nodes is identified by the light-weighted
YOLOVS to output the coordinates of the points to be tied. The experimental results show that the three Pixel
Error (3PE) of the benchmark network AnyNet is 8.16% and that of the proposed algorithm is only 3.72%,
which effectively improves the matching accuracy of the algorithm. The proposed algorithm can filter out the
interference of deep-seated rebar, and the average error of the spatial localization of rebar tying nodes is 5.03 mm,
which can satisfy the demand of rebar tying in a complex background.
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Fig.1 Binocular vision-based framework for accurate positioning of multilayer rebar binding nodes
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Fig.11 Example of binocular dataset for

rebar mesh scenario in this paper
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Fig.12 Image acquisition experiment platform

) (GB/T 50010—2010) #LAE » WR 1 F HER A A
MUZHEF B HEN A 2 (8] 5 B AR LT 25 mm 15N
A3 DAL S 0 B — JE AN I 5 5 AN I 2 T Y
FEES A 40 mum, AR AT N B AT b EAR 14 mm
BRSO, o3 A FE T FLSE I O SEE AR R gE
# 1FIR,
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Table 1 Experiment operating environment

SLEGIREE AH G
A FREE 12 4% Intel® Core™ i5-12500H(3. 10 GHz)
N 16 GB
IR S NVIDIA GeForce RTX 2080 Ti
BAIERSE Ubuntu 20. 04
TR RS PyTorch 1. 13. 1, Python 3. 8,CUDA 11. 6

WeAh ANk 2 FNEN 137 AN SCHEET 20 Wi 43
ANTR) B S7 A RT3z T 5K A 2 16 X0 U H
AIBLEA TR 2 FFARBCRHBL I N A 2580, DL 5 221
= TAE SRR

*2 WEHBENRNIMRESH
Table 2 Internal and external calibration parameters of

binocular camera

FRE
IO

536.19 —1.23 623.48 536.51 —0.88 631.49
e

el AL

0 536.83 364.07 0 537.62 357.93
i
0 0 1. 00 0 0 1. 00

i
s [—0.085 0.156 —0.0869]1[—0.046 —O0.014 0.1855]

P
[0.00026 —0.00246]  [0.00032 —0.000279]
" 0.9990 0.0006 0.014 8
Jiexe
—0.0004 0.9990 —0.0112
R
—0.014 8 0.0112 0.9990
TF
T [—121.243 —0.230 0.339]
S

3.3 ETH#R AnyNet & RE A WX H
SR IT B AE B BE 3 4T

ARSI B 0L H 7 AR DT 26 LA it 21) i 14 7 2
AT ZR A Adam fEALES SEATOLA, AR SO B
ALEZS S E N B =0. 9.8 =0. 999, I F 4]t 2 >
FYEE K 0. 000 1, B4~ GPU (it & K/ Batch
Size B A 4, EAFEEL Epoch g 300, FEASCHR H
B S7AARDC eSS A 5 JE A A AnyNet  f% 48 37 R DT
BriA s SGBM, 4 B2 S AR VE FL 531k PSMNet i#£47
XA
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Fig.13 Calibration results
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Table 3 Test results of different algorithms on public datasets

T 3B FIREGPE)/ % SR ERFERT /s
SGBM 12.300 0. 319
PSMNet 1.414 1. 760
AnyNet 8. 160 0. 306
AR SCAEAY 3.720 0.283
IR AE R

4% 85 ~r # VT it 445 5 SGBM. # 4b 23 35 Ji7
0.319 s/ik.3 B RIREN 12. 3%, 3R KR LT,
sk LLIK BRGS0 B 14

2) 1Rk B ST AR U i 57 PSMNet SR T2 R
& 3D BBUR AR AL VT FLAC A, DT B [0
i SR g Z Rl fE 3 R ERE M,
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AR SRR R ZE T T 4. 440 [ 40 5, 1 H.
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Fig.14 Performance demonstration of

(OFSEMZEE

stereo matching model in this paper
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Fig. 15

Comparison of visualized results of stereo matching model proposed in this paper with other methods

(single-layer rebar mesh)
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Fig.16 Comparison of visualized results of stereo matching model proposed in this paper with other methods

(double-layer rebar mesh)
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B I A ECANet. g s 84 iy 00 377 57 ) 240775 S0 L 4R
YBCEEC i = T VA 1 R P, PRI AR SC A ST AR DT T
JHEGR BT A AR AT & O AR I 2 E IR
U ER A S377 IO 58 J6 Ay i S 9 A5 SR L1 A B RS Al
fdRft T EEMREGER.

3.4 SMERGHLT AR MAREE ERIE

T IS UESRFL Y AE L5 I RS B AR ST
1 RIS T AT S8 ARG A 9 FR AT BIAY R FL
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Table 4 Measurement statistics of

positioning error BAf7 . mm
Ao MR SRFLY s AR bR A
G NThR5E ARSI
z Y x ¥ 7
1 301 94 301.46  95.12 0. 46 1.12
2 402 287 400. 96  286. 10 1. 04 0. 90
3 594 198 593.01 198. 86 0. 99 0. 86
4 780 117 780.58 118.00 0. 58 1. 00
5 490 465 489.90 464. 26 1. 10 0. 74
6 678 375 679.00 375.68 1. 00 0. 68
7 1043 199  1043.87 200.34 0. 87 1. 34
8 489 464 488.36 465.59 0. 64 1.59
9 936 470 935.31 469. 17 0. 69 0. 83
10 764 555 763.55 556. 28 0. 45 1.28
11 579 643 580. 53 644. 43 1.53 1.43

12 1026 670  1025.24 670.76 0.76 0.76

WP 17 B, PIRR T ik 2 1) A R 22 A
L5 R ZR VL AR W B A 4B FL A ROCR . 52
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Fig.17 Error analysis of coordinates of rebar-tied nodes
obtained by two methods
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Fig.18 Partial dataset of rebar node tie status
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T YOLOv5s, YOLOv5x,GhostNet-YOLOvV5 ,
ShufflenetV2-YOLOvV5 LA & 45 L IR 25 457 51 455 #Y
MobileNetV3-YOLOv5 #47 T 4387 F Xt L. A7
PUNGERANZR 5 Fros PR EF- Y B (mAP) 1
S PEA R  H S L dE bR E T IR AR A s . Yl
Yl B Y 25 TR A S B0 E R s i D
Batch Size BU 4, #] 4 2% > Rk £k 0. 001, fx K%k
FRUEL Epoch B 300,

K5 AEEERIEREX L
Table 5 Performance comparison of different algorithms
e Params/10° mAP/% #illifE] /ms GFLOPs
YOLOv5s 7.01 99. 3 7.4 16. 3
YOLOv5x 86. 10 99.5 22.8 203. 8
GhostNet-
3.67 99. 4 8.5 8.0
YOLOvV5
ShufflenetV2-
3.79 99. 3 6.3 8.0
YOLOv5
MobileNetV3-
3.54 99. 4 5.3 6.3
YOLOv5
YOLOv7 29. 40 99. 3 6.9 92.5
YOLOv8n 4. 00 99. 6 5.7 8.2
5 .

DICIe2 YOLOVS A th ¥ B2 e/ N RHE B 1Y
JE e/ NI A58 YOLOVSs Bk iR JE TR e K
TR 19 58 B e R B YOLOvSx B3k, DL KB /& JAs
YOLOV7 F1 YOLOv8n, #5575 mAP 54 99. 02614 |4

2> YOLOvS #5571 1y 5= 1 W 2543 53] 8 4y
GhostNet, ShufflenetV2 . MobileNet V3 #81k M4 )5
BRI AR AT R W25 00 T B [ AR T
YOLOVS5 s () mAP & F A%, 3 25 3R A] DL 3R 0 X

YOLOvSs #4755 Ak Ab BERE A5 LRIIEAL 7Y mAP AP
TRATE DL 80 I AR S i, B R A o
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Fig.19  Effect of detecting state of rebar node tying
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Fig.20 Flow chart for accurate positioning of rebar binding nodes
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RS UEAS SCHT $ 77 v B W] A7 M FORG BE L B
SETULT AN BL TARIREL . ST AT R REAS
PRI 55— 2 A B 513 199 5 55— 2 A9 3 IR0 =22 i) ) B

B R 40 mm, 41 REN A X AGEN T O AR S 14 mm
MBS L AT VT ELSLI I L 32 6 PR FLY sUE L
e

x6 HHPTREMER
Table 6 Positioning results of binding nodes

i SR YA AR /mm SRR S AR R /mm SEEREERS/mm JEER2E/mm SHEE AR/ mm
1 (200, 376) RIHL 492. 36 486 6. 36 (—389. 44, 26. 55, 492. 36)
2 (594, 202) RIFL 491. 65 486 5. 62 (—32.71, —135.90, 491. 65)
3 (399, 288) R4 188. 86 486 2.86 (—212.52, —54. 49, 488.86)
4 (301, 558) AYPFL 487. 61 486 1.61 (—298. 15, 195. 22, 487.61)
5 (857, 293) RIBHL 493. 74 486 7.74 (387.41, —135.72, 493.74)
6 (1 044, 204) RIBHL 491. 34 486 5.34 (215. 93, —52.45, 491, 34)
7 (678, 378) RIPHL 490. 67 486 4. 64 (46. 17, 28.12, 490.67)
8 (491, 467) RYBHL 491. 64 486 5. 64 (—125.43, 111. 39, 491. 64)
9 (938, 474) RYBHL 48991 486 3.91 (292. 36, 117. 44, 501.55)
10 (763, 557) KYHL 492,55 486 6.55 (127. 98, 193. 69, 492.55)

TE 12 52 56 30 85 7f L AR AL 5 4 A 1) B9 B R D
486 mm, K 6 ALK A A SO R AL A1) 2
(] A i 5 522 P 25 [ AL AR 22 ) £ S 3 R A3 1% 25
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S 4 em PR T EAL ARG i R AR A5 R
P31 SR L A PO ] A RS R ) A3 1% 22 RE A 1 A
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BTN A 2 L T 3 37 A7 AE AN Al IR 22 )2 1R
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W A AESE 258 00T .
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