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Recognition and localization of shield tunnel segment
bolts based on improved YOLOv8n
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Abstract: To address the reliance on manual operation and the insufficient recognition and positioning accuracy during the segment
grabbing stage of shield tunnel segment erectors, this paper proposes a segment bolt recognition and localization method that integrates an
improved YOLOv8n model ( YOLOv8n-PBSM) with RGB-D depth information. In the YOLOv8n network, a small-target P2 detection
layer is added to enhance the extraction capability for bolt detail features. The original neck network is replaced with a bidirectional
feature pyramid network ( BiFPN) to strengthen multi-scale feature fusion. A parameter-free three-dimensional attention mechanism
(SimAM) is introduced to improve the feature focusing ability of the model in complex tunnel environments characterized by oil
contamination and uneven lighting. The MPDIoU loss function is adopted to optimize the bounding box regression process, thereby
improving the localization accuracy for segment bolts. In the recognition stage, the YOLOv8n-PBSM model is utilized to identify segment
bolts and achieve segment type classification via image markers. In the localization stage, depth information from an RGB-D camera is
fused to establish a mapping process from pixel coordinates to the robot base coordinate system, enabling the three-dimensional spatial
coordinate calculation of segment bolts. Experimental results show that the improved model achieves a mean average precision (mAP@
0.5) of 96.36% , which is 3. 71 percentage points higher than the original YOLOv8n. In simulated tunnel construction environments,
the average time required for a single grasping operation is 5 s, with the detection and localization module taking only 65 ms. The axial

positioning errors are all less than 2 mm, and all 15 grasping trials were successful. The experimental results validate that the proposed
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method meets the practical operational requirements for both recognition accuracy and positioning precision for segment bolts, providing a

reliable visual perception solution for the automated assembly of shield tunnel segments.

Keywords : shield tunnel segment grasping; recognition and localization; YOLOv8n; RGB-D; information fusion
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Fig. 1  Construction site environment for segment assembly
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Fig.2 Segment bolt recognition and positioning process
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Fig. 3 Dataset image acquisition process
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Fig.4 Sample collection of segment image data
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Improved grid structure of YOLOv8n
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Fig. 10  Diagram of the MPDIoU loss function
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Table 1 Camera calibration experimental results

el PRl R
1 599.021 3
fy 598. 559 2
g 427.770 2
v 255.005 4
k, 0.110 3
k, -0.2213
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Fig. 11 RGB-D image registration
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FHWIR BE 25 I HEZL A PyTorch 2. 5. 0, Ultralytics 8. 2.7, JF
TS50 CUDA 12. 4, #51C cuDNN 8. 9. 7, DU
i A S e

1) RGBT RIYI 255 P 3L

FERSTRY)I ok A vy | HAA T T2 A0 91 5 R 4 3L 1)
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Table 2 Hyperparameter settings
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b i By 0.937
sy AdamW

TEJE AR R B2 A TR b | S AR R S A B 1) 32 B
AR A KB R (P) A 1813 (R) KW 0K o R 24 (8
(mAP) ., H mAP@O0. 5 $67E 5T HLIHME 6=0.5 B9 5
A R T IR A AN 2O A ARG B, P T
AL RBOF (A, F T 254 i AR 1A [A) 1R 51
HERE T IR ARRIPERE . R R bR AR

TP
P= (10)
T, +F,
T
R=—"0" (11)
T, +F,
1
AP = [ P(R)dR (12)
0
1 K
mAP=?2APL. (13)
i=1
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FEAEJREEH I AT (R DRG] 38 0P B4k B 3
34T 1.71.0. 79 FI 1. 45 /N 53 05 ;2R JH BiFPN #ife
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kG BE Y45 S 0. 66.0.5 F1 0. 28 DA, R
AT AR S (1) YOLOvSn-PBSM #5578 | JFHCARE T80 74 65 0 K5
& B [E RS ARG B A AR 32 T YOLOvSn 71 43 5]

P25 3.5.3.76 A1 3. 71 A~ E 535, HILATH], YOLOv8n-
PBSM #ERIZEA A I M e e PG, X 457 W 14 Az DU 72 )
RN, A SO HE A A SR W 0 A A B B0 IE
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Table 3 Ablation test results of the segment bolt recognition model
5 AN R 7 ioall)= BiFPN SimAM MPDIoU P/% R/% mAP@0. 5/%
1 — — — — 90. 15 91.34 92.65
2 % — — — 91.86 92.13 94.10
3 — vV — — 91. 63 91.75 93. 47
4 — — 2 — 92.02 92.78 94.51
5 — — — vV 90. 81 91. 84 92.93
6 Y v — — 92.21 93. 02 94.72
7 vV v 2 — 92.96 94.74 95. 64
8 v Vv Vv vV 93. 65 95.10 96. 36

" WSRO R0 <V S SR UM R S5

3) AN ARSI AR URAS Fr WAL A 330 X L

S RUE B U 5 YOLOVS-PBSM 5 R 76 Ji5 44 45 A
MR G I v ) P i 328 BB I 3 U Y E b R AR A
17 % e, 434% . (1) Faster R-CNN . (2) RT-DETR-R50,
(3)NanoDet-Plus ., (4) YOLOv5s. (5) YOLOv8 & %1, M
(6)YOLOvI1n, il (i)l k3R 55 5 S50 B0 48 5
— &, Bk g Rk 4 pron, & 4 n] A,
YOLOv8n-PBSM #If) mAP@ 0. 5 355 96. 36% , & T A
AXFHEAL R, R S50 5 TR TR 58 (floating point
operations , FLOPs ) Al F 3 MERL R YOLOv8n A3 FT 34 i,
BZ%F mAP #2F+ 3. 71 NE A, TES5XT A £ &
SRR YOLOV8n-PBSM #5114 ] 2% 511 K& 2 f) A 754
PR FE R RIS, KB 8 51T R 22 I Fix

SEREAY A SR R AR AR LS, AR SC AR AR R
JE F N EA a3

AR ) YOLOvS8n-PBSM A5 751 A i S~ 1) #k B st
6]k 22. 5 ms, BAHEE T IR YOLOv8n [K 4544 e ik 384 fin
25 6.7 ms, (EAT R m B . LS8 RGN NS A
A S Pk A% 58 G0 1Y AT R 4, H Ak B W R 7R
100~300 ms P BV AT 5 J2 S s 4 o 5 R DA A J S 0
100 ms 144, AR (1 HEBRIN ] 5 24 22. 5% , 76 SCBR T
Kb, 305 B ARG, R J5 B2 0 Ak bR il B8 Gl A S
il EA AT, W R G SRR SR, EER R RS
TR IR 5 v M A (R SR I R 2k (RS2
TSR ARG ARG B B R S ROR B B A ROT , H A B
BT

x4 FEEEME R BRGNLE R
Table 4 Comparison of detection results from different models
i P/% R/% mAP@0.5/% e/ M HHEREY G FHEZ A 6/ ms

(1) Faster R-CNN 83.72 82.11 81.82 41.56 107. 90 84.1
(2)RT-DETR-R50 87.41 81. 69 86. 74 31.32 103. 10 68.3
(3) NanoDet-Plus 80. 33 75.46 79.16 0.95 0.72 9.1
(4) YOLOv5s 87.12 86. 49 88. 45 7.25 15. 30 23.6
(5)1YOLOv8n 90. 15 91.34 92. 65 3.02 8.40 15.8
(5)2YOLOv8s 92. 85 92. 87 93.49 11. 19 28. 60 32.5
(5)3YOLOv8m 92.79 93.16 93.91 25.93 78.77 69.7
(6)YOLOvl1n 93.24 92.27 92. 89 2.65 8.21 14.2
YOLOv8n-PBSM 93. 65 95.10 96. 36 4.47 14. 80 22.5

4) 58 Fr g U AT LA X

TEJEAAE T DFE ) SE PRk 7 v, il TARAL S A

J WA ] B AR X 7 5 A AN AR Ak, SR A 2 B IR
el A7 H bR R 22 5 3% | BBl e T3R5 Hh A DI TR
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Fig. 12 Comparison of visual recognition results for segment bolts under different scenarios
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Fig. 13 Model and setup of the segment grasping test platform
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Table 5 Positioning and grasping test results of the segment lifting bolt

(mm)

YOLOv8n-PBSM+RGB-D

X5 2H ) SRR AR R VR (2 L A A b %y .z SR

1 (715, -152, 325) (714.37, -151.42, 325.68) (-0.63, 0.58,0.68)
2 (983, 267, 298) (984.22, 266.35, 297.15) (1.22, -0.65,-0.85)
3 (842, -285, 356) (841.45, -284. 18, 356.92) (-0.55, 0.82,0.92)
4 (1125, 178,245) (1126.31, 179.56, 244.33) (1.31, 1.56,-0.67)
5 (678, -332, 387) (679.18, —333.27, 386.41) (1.18, -1.27,-0.59)
6 (1058, 395,212) (1059.05, 393.68, 213.24) (1.05, -1.32, 1.24)
7 (763, -198, 334) (762.28, —197.45, 333.36) (-0.72, 0.55,-0.64)
8 (927, 312, 278) (928. 14, 310.83, 277.19) (1.14, -1.17,-0.81)
9 (619, -276, 365) (618.42, -275.31, 365.77) (-0.58, 0.69, 0.77)
10 (1164, 145,289) (1165.26, 146.72, 288.48) (1.26, 1.72,-0.52)
11 (798, 367, 321) (797.33, -368. 15, 320.55) (-0.67, —1.15, -0.45)
12 (881, 228, 398) (882.47, 226. 84, 397.36) (1.47, -1.16,-0. 64)
13 (1042, —124,256) (1041.39, —122. 88, 256.91) (-0.61, 1.12, 0.91)
14 (732, 384, 267) (733.55, 382.69, 266.38) (1.55, -1.31,-0.62)
15 (957, -245, 376) (956.28, —243.92, 375.43) (-0.72, 1.08,-0.57)

H#& 5 AI %1, YOLOv8n-PBSM #5278 5 RGB-D VRS & R IRF R 2 5 81 B LA o0 Bl i) 5 K e 10 42 1) g 25
5 R B X M ) S G 5 R (SRR R 65 ms, BAYK 8, <3 mm, FHIGTT AN, T ST B A0 A8 AV B A AL R
PUBHRAE - IIRERT N S s 7R85 R i8R i MBGgs h,  GEE TR 22 TO0 T R R AP 09S He bk 5 8 00k B,
PUBGE PRI AEBAU RS it T2 289088 T HEATAY, 15 Wik EAT s AT SEPE SR e (60 58 07, 55 780 e 348 in 7 1153 97 2%
B ¥ AT o8, EL R JE A R BB IURCEE SR . S8 A TR Rl AT 42252 1) S A B T
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