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Binocular Vision Localization and Measurement Based on
Star-RTMPose

ZHANG Meng-quan, XU Si-xiang', YANG Yu, WU Duan-zheng
(College of Mechanical Engineering, Anhui University of Technology, Ma'anshan, Anhui 243032, China)

Abstract: A binocular vision localization and measurement method based on star-enhanced real-time multi-person
pose estimation (Star-RTMPose) is proposed to address the problems of low efficiency, insufficient matching accuracy, sen-
sitivity to illumination changes, and complex parameter tuning of traditional binocular vision feature point detection algo-
rithms, which limit the accuracy of binocular vision localization and measurement. Taking continuous casting billets in the
iron and steel metallurgy industry as the research object, this method focuses on the precise positioning and dimension mea-
surement requirements for burr removal after flame cutting, and proposes a corresponding technical implementation ap-

proach. Firstly, images of continuous casting billets are collected using calibrated binocular cameras. The LabelMe tool is

Wk H 11 :2025-05-265 5% FH H 18 :2025-12-01 ; 54T 4 - TPA4R
MRS V7 U



4318 H, F O Eihd

then used to annotate target regions and keypoints, which are uniformly converted to the microsoft common objects in con-
text (MSCOCO) format to adapt to model training. Subsequently, a two-stage framework of “target detection-keypoint ex-
traction” is adopted to achieve precise detection: the real-time models for object detection (RTMDet) algorithm is first used
to quickly locate the main area of the continuous casting billet, and then the improved real-time multi-person pose estima-
tion (RTMPose) model, Star-RTMPose, is used to extract keypoint coordinates. The improvements include: introducing the
star triple block (StarTriBlock) module into the RTMPose backbone to enhance the network’s ability to characterize high-
level semantic features of the target through a multi-branch dynamic fusion mechanism, making full use of the maximum re-
ceptive field and global spatial correlation information of this stage; replacing the 7x7 large kernel convolution at the net-
work head with the maximum depthwise separable convolution 2 (MaxDSC2) module based on depth-separable convolu-
tion, setting the intermediate channel number of this module to 0.45 times the input channel number to improve the sensitivi-
ty to semantic information while reducing the number of parameters; substituting the traditional channel attention module
with the parameter-free simple parameter-free attention module (SimAM) attention module, which generates channel-spatial
three-dimensional joint weights through the closed-form solution of the energy function, strengthens the network’s ability to
capture spatial features, and avoids parameter redundancy. Finally, by combining the calibration parameters of the binocular
camera with the triangulation principle, the three-dimensional reconstruction of keypoints and the dimensional measurement
of continuous casting billets are completed. The experimental results show that: in the keypoint detection task, the inference
time of the improved Star-RTMPose model for a single image is only 9.86 ms; compared with the baseline model RTMPose-
T, its average precision (AP) is improved by 1.09 percentage points, percentage of correct keypoints (PCK) by 0.40 percent-
age points, and normalized mean error (NME) is reduced by 42.86%; on the premise of more streamlined parameters, the
comprehensive performance of the improved model is significantly superior to that of mainstream models such as HRNet-
W32 and SwinTransformer-T. In terms of three-dimensional measurement accuracy, the relative error of the proposed meth-
od for measuring the long side dimension of Type 1 continuous casting billet is reduced by 1.715 and 0.365 percentage
points compared to the traditional oriented fast and rotated brief (ORB) algorithm and the improved features from accelerat-
ed segment test (FAST) algorithm, respectively. This method effectively addresses the issue of poor robustness in traditional
algorithms, achieving dual improvements in detection accuracy and measurement accuracy, and thereby meeting the de-
mand for high-precision detection in industrial scenarios.

Key words: binocular vision; RTMPose; attention module; three-dimensional reconstruction; dimensional measure-
ment; keypoint detection
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Wx C,. PIHCTREERT 73 5 5 AR S 40 5 hr e R
SRR Lo, RV 12 435
KxKx1xC +1x1xC, xC,,

i =

’ KxKxC, xC, ()
RN
- Cuut Kz

HxW><(KxlexCin+l><GCinxC0m)
- HxWxKxKxC,xC,,
Lo,
Cow K°

A1 () A (0) AT, Y C,, BRI, 2, F1 2, B 2
LT /K.

(6)

' R OF |

%256
REER BRER

P9 REE ] 7 s A AU B

RTMPose 4 3k #B % 26 5% F 7x7 46 FH2 52 URRAE (&
TIERELE . SR AL 58 KA A T S 4R Bl A% R 7
WK, SBOTE AR & 5 [ RSz B 7l R 4
Jai bR SCRY AT, AT A ) 55 06 SR AN B AR RE T,
FI T 4i0kr B2 18 UE B EE . it ASCHR TR TR
£ 1] 43 B 5 B MaxDSC2 B e | I LR LA 1) 77
HBRZ.

MaxDSC2 A5 B 25 44 1 (8] 10 i 25, Sy AR AE 18 1 58
2ot R KA Z | FE AR BRAIR 23 18] 43 W R 0 11 2 T k2D
TUARAE B Bl 5 456 — TR B W] 43 85 46 B2 3 1 4L
FESE 2173, B AR A BRI —
T B B 2 AR O B, SRR 1Y )2 IR LR
45 X0E R RE.

MaxDSC2 I i A 38 18 %5CH 384, Hh 1] 18 45075 it
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2 J3E R e T BOR R A 5 O S 4R B 0 v S =R TR
A, r ) 388 T R BT i A T B 0.5 5 424

XTNEJ EP (i) 3685 T8 5 A0 A AP BE A T HE X, e 20K R
laﬂ B RE M A B IEEAY 0.45 45 .

MI’ . -’ . - GI
384 384 173

ﬁﬁm%E RETﬁ%%F

______________________

mETﬁ%%F

510 MaxDSC2 B4y

3 XRERSHSH

3.1 ZWIMEE5EEIZ

UG PR E R 6407 Windows 10 B2V R 40, #5236
¥ Xeon Gold 6142 4b Pf &% , it #F 27.1 GB W £ 5
RTX3080 & 15 , 3£ F PyTorch1.10.1 3 2% > HE 42 %} H
o R 0 S A R DG B A I R A AT 2 . A R I
FEIN 55 BE UGG , PR ASE A0 1 7 i 28 1T Ao )
filh b FF RN 25, A Bl i 8 27 2] fin A5 AU i S5O0 4
PERE.

Y2 H b A BB i A PSR S8 — 8 3% 2 640
640 43 B . BRI ki A /N Ry 20, 2T R
300 5 YN 2 . YN Zhid FE v R R b B B G 5 S mes | )
17 280 %832 FH Mosaic PF4% | REHLIK V- BH 5% Fl B AL 38 55 55
325 G SRR IR 20 6 1 16 DA B AS 1 ok SR LU £
WesRa e Pk . DR AL A8 AdamW , LAtk 27 2 R BEE
0.004 , L 5 =8 2500 0.05. [F] B K FH Linear-Cosine 2%
] AR, RIVHT 10 54527 21 R ME T 2 0.004, 55 150
el i A s 2R KA I 2 0.000 2.

I 2 O HE A DU S AU 1), i A MR 58— T 3 oy
512x512 43 B . BN SRttt & R/ N Ry 32, 46 TF
JE 130 825k . Y Zhad ek FHZe B As g s 5 %, dl o
BEDLA V- B %% | AL 5% R BE AL 48 55 55 T ] 22 46 1 5
FOAR DR BER AN [R50 A0 AR 2 A &k . ik
w6 ] Adam W, ZEAiti 27 ~] 2 0.002 , FUH FE I R KN
0.05. [A]#E% H Linear-Cosine 2% X RIS, il 10 48B4
2] REMEFAE 0.002, 55 65 50 J7 38 1 A3 5K IR K Al
Uk 22 0.000 1.

3.2 MEEETMERR

Xof T 19 2 i 1 G B R AR AR L SR T LA PR i A ok
PEIU D 26 Pk RE , 45 I 26 2400 i (Parameters ) 7 s i 55
# (Floating Point Operations , FLOPs) \ & T H A5 3¢ # 55
HH 8L (Object Keypoint Similarity, OKS) 9 - ¥4 K5 &
(Average Precision, AP) V-1 7 [H] <y (Average Recall,
AR) | 1E i 5 8 55 F 49 Lt (Percentage of Correct Key-
points, PCK)  1H—1kF- 3415 22 (Normalized Mean Error,
NME) DA Ko gk ER 4 BRI (] (7). Hodr, AP E Xy

OKS 5 {E M\ 0.50 £1] 0.95 (254 0.05) X [i1] Py ~F- 28 B2 114
I{E ; AR I >A OKS B E M 0.50 £]0.95 (41K 0.05) X [1]
P2 A R A 44 .

OKS AN

Sexp{-d?/25%02{6(v,>0)
OKS = S5(v>0) (7)

Horp d, F0oRER i A S B T A B B A K
[CHE ] 5 SRR HARBY R EE N F 5 0, Fm 2 i A B 1Y
I — A B v, 8 i A A T DL RN v, =0 %
INARFRE v, =1 FRoRAA WAEARTE v, =2 KR briE H Al
W3 6(v,> 0) HHE7R REL, v, > 0B Ry 1, 2K 0.

PCK A% 0 J2 JI T U5 — A S5 %) 6 e 000 152 22 2
A/NF B BE, A RCh

Ll

Hor, pPred FTRER i A B A B TN AR AR 5 p¥ FoR 2 i 4>
S A 1 BLSE AR AR 5 Lo PCK A — LR 7 BUE K 5
AR 4 1 ) R R, T A B B b RS AN (]
PR BIRENE 57 0 B, BUE A 0.055 N KB RLEEL ()
A7 BRI, A5 5 N 2R ST IR T, 75 UL 0.

NME 75 5 — {0 1R O B i 0000 158 22 (191 34 4
N SN

(8)

| ESAE FY (9)

o, pred SRR G i A OGRS T AR 5 p¥ RS i
R S Y ELSZ AR BT s L NME I — LR Bl K
M B PR K 0 I R ECHE 2, FH AT B E bR RSE S [ Jop
R RE I 5 N Ay S pT R
3.3 XftbkIE
3.3.1 CSPLayer AEiEEAHHIHIERERTEE

R B UE Sim AM AH T At 3 3 v & 1AL A
o TEFERAR Y Star-RTMPose |-, {0 CSPLay YT
7 1 He (SE/CBAM/ECA/SimAM) |, 45 43 HAth 2 % —
AR 1R .



o120 W TR AL  FTF Star-RTMPose 198 B 58 2 57 5 I 4325
F1 CSPLayer REER AW FITERERTEE
RS Input Size Params/M FLOPs/G AP/% AR/% PCK/% NME/% T/ms
SE 512x512 3.92 1.94 98.81 99.25 99.75 0.35 10.55
CBAM"™ 512x512 3.92 1.95 99.20 99.35 99.63 0.30 11.23
ECAM 512%512 3.87 1.94 98.80 99.10 99.75 0.52 10.02
SimAM 512%512 3.87 1.94 99.60 99.75 99.90 0.28 9.86

V< TN 1 P B 4 98 o I 1 B (A 2 B

M1 R VWA Y, SimAM 7E A B A
SNSENRTHE T, AW BEFE bR S BRI . FER 0 HE
Fr I, H AP# SE .CBAM \ECA 435114271 0.79..0.40 .0.80
AT A3 5 HOAR % SEL CBAM , ECA 43 % 42 J1 0.50
0.40.,0.65 1> 43 14 ; H PCK # SE .CBAM . ECA 43 %I 4%
F+0.15.0.27.0.15 /4~ H 43 45 5 H NME 0] #¢ SE B i
20.0% , % CBAM &A% 6.67% , 38 ECA F#AX 46.15%. Tt
KRR 1525 T IC SR, SimAM FEHEHL u] e 5
et R T XoF L ik B A PR A A
3.3.2 MaxDSC2 A5 f B iR & # a1 e Xt b

R B UE MaxDSC2 #52-H v [1] 38 18 Hi00) 450 8 P RE 1Y 52
Wi, DA Star-RTMPose S JERIHESL , [ HAMBIHOAAR {2
HULE MaxDSC2 4855 v 55— S UR B AT 43 1 45 AR i 1 R AT

P& f18y v () 308 3 5, 7 R ) ) 32 5 50 A 1 0 i) 3k
154173 .192.211.,230 FAMAE (43 H32EH MaxDSC2 i A
FEAE 3 B 01 0.40,0.45 .0.50,0.55.0.60 %5 ) , S5 45
RMF 2R . R 2S5 AT L, 24 MaxDSC2 B bk
B H ) 3 T AR A 173 B, 5 15458 GE A L, R 25 AR
R B0 N A () B i B4, {B L AP
AR .PCK %3 132 7+ 0.10.0.05 .0.03 4> 1 43 45, NME [
9.68%; 5 192 il i AH . , 173 14 i) AP $2 71 0.02 4~ i
Oy 1 AREETE0.03 4N EH 404, PCK & H5F, H NME [#
1%6.67%; 5 211,230 3 35 #H Fb , 173 338 (1) AP 4351 $&
T+ 0.69.0.89 4~ 43 #5. , AR 43 2 7 0.55.0.70 4~ 5 4>
AL, PCK 23 W42 T10.27 .0.35 4> F 43 25, NME 43 531 B AT
31.71%.33.33%. L iRZ5H 5840 UE M BEHF 173 4F - Max-
DSC2 H [a] 38 18 K ) A HLE

F2 MaxDSC2A[EHEE EH I REXT LE

LR EIBGIBERA Input Size Params/M FLOPs/G AP/% AR/% PCK/% NME/% T/ms
154 512x512 3.86 1.93 99.50 99.70 99.87 0.31 9.64
173 512x512 3.87 1.94 99.60 99.75 99.90 0.28 9.86
192 512x512 3.88 1.94 99.58 99.72 99.90 0.30 9.94
211 512x512 3.89 1.95 98.91 99.20 99.63 0.41 10.27
230 512x512 3.90 1.95 98.71 99.05 99.55 0.42 10.63

T - A HRIDHLE 715 B P A R A5 AR X L ) B (I B

3.3.3 AEEBXESRNBEITLE

R FE 43 56 E T B A A A AP | AR A TR Y 34 5 AR
BAGLE b5 b2 i H iz i R SRR ST R R A
PEREXT FL 3256, £ 45 HRNet-W32 SwinTransformer-T-* |
HRFormer-S . SimCC-MobileNetV2' >/ F1 RTMPose-T, 52 %
SER AN 3 Fis .

FH 2% 3 LB 2 S AT UL, 2 5 9 RTM Pose A5 70 76K

JE 5N IR ZE bR bR AL, SEELT B RS R A
DL R AR IH — 464412 2% . 5 SimCC-MobileNetV2 ¥
SEAR G A RNAE SR A RN B ) A /N
HIB RS AP TF 1.87%, AR 3271 1.48%, PCK 2
T+0.67% , NME F#AK 56.25% , 76 B S RIPEfE >
V) S BT 0 S - S DU 2 AR B A 1 RS
NS BHEAT IR S A, AT A2 SR 11 s

R3 HIRE EREENMEEITNITL

Bk Input Size | Params /M | FLOPs/G AP/% AR/% PCK/% NME/% T/ms
HRNet-W32 512x512 28.54 41.19 93.06 95.55 98.85 1.12 62.08
SwinTransformer-T" 512x512 32.76 10.30 91.15 92.15 98.27 1.23 19.61
HRFormer-S 512%512 7.75 16.14 92.51 95.05 98.50 1.10 76.71
SimCC-MobileNetV2'! 512x512 2.76 1.71 97.77 98.30 99.24 0.64 8.24
RTMPose-T 512x512 3.44 1.77 98.51 98.85 99.50 0.49 8.64
ARSI 512%512 3.87 1.94 99.60 99.75 99.90 0.28 9.86

TE A HROPHLR 713 1R A R A5 A AR X L A e R B
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B HE AR

HEAET R 5 E
Z1N71.4%

2 BOEREIR
B H RS
PR 5 b
2£1°410.8%

B

3 BUEREI

B HE TR

AR b
Z1410.8%

j!ﬁl

4 ﬂi@%ﬂﬁ’] E—

FHE B AR !

PP S

Z1H7.1%
(a) SwinTransformer-T (b) HRFormer-S ) HRNet-W32 (d) SimCC-MobileNetV2 (e) RTMPose-T (f) Ours
l’§| 11 *EL\TUJJC?*%

P 1 A Ae i — 50 52 BT 4% 283 5 R S AE e bx (u,—c,)
LA E SRR R B AR 2SS, PO ] B X= d
0 B B 10 5K AR AR 6T 3 B T IO A O B A 1% T A7 bx (Vz—cy) (12)
B DAL HE AT P0G 2 b O R 2 SR . T V=
U, | AR SO ) S e o T S o U 0 LSS 5 Jxb
3.3.4 ZHNERBEITLL - d

T 35 2 E Y RTMPose W 265 4 HUAE A7 PG 5 Bk s 1)
TG R A ARE AR SCE PR 215 2 N AN S B,
B 2 A bR I Ry = 2 A bR O SE G B R G I

TG A DG R D) 4% T AR AT B — OGS TR A
F UG BIR R AR (v, (., v, ), BRI R — S 7R A
HLABBR R T 1) = 4E AL bR 5 R X — SR R A bR 2
ESS P
fo 0 ¢,
0 ﬁ el Y
0 0 1/\Z
Horb oo, WEMB ERAER R LR R T M xy A b5 5
Sy, HARRLLE I A B AR AR 2 A9 x BlRT y Bl 5 b ) £
B A AR ER su v o OCHE S TR RIMR LR R AL bR
X, Y. Z R R S AEAANLAR PR R T 1) = ZE AR PR .

SR T AR = A 00 S R A S OGS A TR
FEAE A

X

VA (10)

u
V =
1

_fxxb
Z= 7 (11)

Forb £ R RAMLAE KT ) B SR, B2 AR 3R 5 b
FURAIL R 26 A7 AL Z 8] ) SR LR 82, B0 2 mm s d
R AR R BRI 2E (R, B d =, —u,, B
1835 Z B mi B AL LS T AR BE , 30704 mm,
S5 BT I ABLAY R R D IE TR R, th =X (10) A0
O AT RS AE ZEMIAI LA AR 28N B = HE AR AR N

T2 M T AN [R) S s 2 ] ) = ZERR GRS
R AT 453 8 45 21 1Y SEBR T .

DA [R]— 3% 5 S AR AS [R) 048 AR BE AN [R) 40 B 1 25 DA
B A [R) e B a8 45 250 T 1% IR A I 8% i A, il
i R OB AR hy B 225 5%, IR FH 46 X6 152 2 FAH X
TR 2 Ml I R DU IS 5 B0 A RS I 508 0 36 4
s .

£4 AXHHEKHBEBERTNRER

o | MRS z@i‘f/
T o | mie | s H?EUL ¥t EE}L
K 263.020 | 263.275 | 262.790 | 2.522 | 0.230 | 0.959 | 0.087
P& | 100.920 | 100.625 | 100.941 | 1.906 | 0.021 | 1.889 | 0.021
K [301.740 | 302.802 | 301.729 | 3.491 | 0.012 | 1.157 | 0.004
«

AR R 2E1%

do R
3

i

30.300 | 30.568 | 29.893 | 1.945|0.407 | 6.418 | 1.345
300.100 | 299.278 | 299.582 | 3.282 | 0.518 | 1.094 | 0.173
68.040 | 67.967 | 67.937 |2.942|0.103 | 4.323 | 0.151
K | 203.840 | 203.271 | 204.049 | 2.052 | 0.209 | 1.007 | 0.102
B& | 30.460 | 30.075 | 30.504 | 1.034 | 0.044 | 3.394 | 0.144

FH e 4 T AT, 2 80 3 AU 4 7034 B B (1) B 31 AH TR
FE R, Ay I 45 S 0 R X 15 2 21 B N et
2%, AT RE Y SR PR AN - AR rh 2 AL 3 BRI 4 AU GE 5 R
PRGBS L o5 A/ 5 /N RO U B4 A DR 88 R X A 25 5
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FABURRE BT B9 NSNS B AR 2%

W5 BN, DL 1L S A 0 R 4 28 T B 4R 58 140
FR 0 5 DA 8] K A SCEREE B 25 SR i) 5 A e XL H
LG I 3 RIS TR HE 2~ B9 XL H Ao A I 305 1Y)
b= i R o N T e WG E B Rl S R PO
SIFT .ORB LA} Improved FAST™ | 5T 1 i 2% ] i 3 H
W5 46 I 54 %5 49,45 Tmproved TransUNet'* FI Improved

HRNet'™!, 138 5 A1, AR SCHE k20 I i ks B 1 25 0
THABXT PR AR 22 B/ . 76 1 BLE IR
W, 5 Improved FAST 548 Lt , A SCHR7 B9 AR X
1R 22 A 0.365 4~ 43 #4 5 #H L T Improved TransUNet
BB MR 22 FEAK 0.241 AN A 43 4. TE 4 BUE S 50
10 & A SCEEE 8 Tmproved HRNet 5 32 (19 A X 152
KA 4.924 DT 345,

x5 BHENSHERILE

. | RUEGE IR K D A BRI B8
I )RS fmm B RS /mm FXTR221% g ] F fmm B RSH/mm MR 221%
SIFT 257.684 2.029 27.091 11.060
ORB 267.785 1.812 25.836 15.181
Improved FAST"! 261.806 263,020 0.462 — 20,460 —

Improved TransUNet" 262.132 ' 0.338 33.470 ’ 9.882
Improved HRNet™' 261.626 0.530 32.345 6.188
AL 263.275 0.097 30.075 1.264

YV« b e VAL 7% 1 PR 725 A T X e A S
3.4 HRLEIS

FE 5 F I BCUE A 1R A T T A S G, DA A
THEASE R T DO 204 A58 T S R R A4 5 T 30 i S 6 2 AL
RO .

SEEG LA RTMPose-TAE R FEHERLAY W4 5256550 74>
BBt , 43 SR A OSSR S SR, DAY B
JR BN [RIASEH f) ELAAR BTk

M 6 Al g, 78 £ T M2 B9 R i 5] A StarTriBlock
B BRI D () S 40 5T, AP £
0.69 1~ 43 ., PCK 42 T+ 0.25 4~ F 43 £, NME [& A%

26.53%. K2k SimAm FCFRF /NS HE, Ir LA H SimAm
VF B B e i CSPLayer 90 (1438 18 VE 2 RS, M
2 SRR TR 5.81% B[R], AP 4271 0.29 4N 1 49 A,
PCK $2F+ 0.20 1~ 43 a5 . 85 S M 2% 1) 7x7 B R =%
o MaxDSC2 #E B i, AP #E— A3 T 0.39 4N 70 4
PCK 271 0.12 1~ & 43 5, NME [&AI% 22.45%. 5256 4%
T A G AR T B — R R . et
Jo AT A L YE LR RTMPose-T, AP #2 7} 1.09 N1 43 45 .
AR$2TF0.9 4N E 3 5, PCK 271 0.40 4N 43 5, NME &
115 42.86% , FLAE 3} RIS /NR S, A R FESERTHE , 72
ORI T S R A O S

R6 HMXLBWAR

%5 StarTriBlock SimAm MaxDSC2 | Params/M | FLOPS/G | AP/% | AR/% PCK/% NME/% T/ms

1 — — — 3.44 1.77 98.51 98.85 99.50 0.49 8.64
2 N — — 4.09 1.94 99.20 99.35 99.75 0.36 10.40
3 — N — 3.4 1.77 98.80 99.00 99.70 0.44 8.35
4 — — N 3.42 1.77 98.90 99.10 99.62 0.38 8.51
5 N N — 3.89 1.94 99.40 99.45 99.88 0.34 9.88
6 N — N 4.07 1.94 99.51 99.65 99.82 0.32 9.90
7 — N N 3.22 1.77 99.39 99.50 99.78 0.35 8.31
8 N N v 3.87 1.94 99.60 99.75 99.90 0.28 9.86

T M ORI 7% 1 PR 2R 25 e brox 1oy i) e I 26 9K

4 ZEig Vi W2 5 HE T A PR SimCC-MobileNetV2 [ 45 A

(1) % F RTMPose-T M 4% 224 , 3 15 5] A StarTri-
Block f58k \MaxDSC2 B3 K SimAM 11 7 1 L , 44 2
TR BOKS HE Y Star-RTM Pose % £ R 5C 8 5AG #5574
A AIAE AP AR \PCK I NME =T G S5 45 3 3%
T HRNet-W32 . SwinTransformer-T Fil RTM Pose-T 45 &£

It , AP 4 F+ 1.87% . AR #& F+ 1.48% . PCK & 7} 0.67% .
NME FEAIK 56.25% , FL i AR B A0 /N0 36, SE BT ¥
B T SRR R A O ST

() TEEHR N R E b AR B E LTS
XL AL B A Bk B SCH S B IR B A 2T ik L T
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