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Valve geometry parameter detection via sub-pixel edge search
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(1 School of Data Sciences and Information Engineering, Guizhou Minzu University, Guiyang 550025, China;
2 Guizhou Key Laboratory of Pattern Recognition and Intelligent System, Guizhou Minzu University, Guiyang 550025, China)

Abstract; Valve geometric parameter detection problem is a hot issue in industrial fields such as automobiles, ships, aviation, and
diesel engines, which involves identifying critical points on valve edges. While progress has been made in related industrial valve
applications, accurately detecting valve edge key points remains challenging. To address this difficulty, we design an edge search
algorithm via sub - pixel. The algorithm corrects the valve edge based on Zernike moment and sub - pixel edge detection, and
combines image projection and pixel-by—pixel edge search to accurately locate the key points of the edge, and fits them to yield
valve geometric parameter detection outcomes. To verify the effectiveness of the proposed algorithm, the workpieces of different
sizes are tested and analyzed. Experimental results demonstrate that maximum absolute error and the maximum extreme difference of
the valve rod diameter detected by proposed algorithm are less than 0.009 3 mm and 0.036 3 mm, respectively. which meet the
industrial requirements in terms of detection accuracy and stability, which can be applied to industrial production settings.
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Table 1 Definition of valve geometry parameters
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Table 2 Valve rod detection requirements mm
FrA% RVFRZE  NEER  RFRE
TA— 5.5 +0.015 4.15 +0.05
T 10.5 0.2 8.7 +0.2
TH= 16 +0.05 10.6 +0.05
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Table 3 Valve top detection requirements
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Fig. 1 Flow chart of valve geometric parameter detection
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Fig. 2 Ideal edge model

K 2(b) 28 2(a) iERE @ 5 MR IR
ﬁﬁﬁiﬁ}:lﬁﬁ@fgﬁjﬂf (x,7), LT Zernike FERY A4
Rk R (1) RIB 2y, Z, F1Z,3 4
Zernike i . MRIEHER: J5 UG T o BT RR R,
Al LU BIE 5 J5 45 W Zemike & Zy,,Z,, F Z),, 2
(2)~(4):

kw
Z,, =hm + — + karcsin(d) - kd-/1 —d* (2)



14 3%

52 B o /5 M5 MM
2k (1 -d)?
z, - =" 3)
. 2kd (1 - d*)??
zzo=f (4)

WG Zyy,Z,, T Zy, T LT B L 210 5
Bk,h,d e, :(5)~K(8):
Im[Z“]

1) Zarctan(m) (5)

k
Z, — 711- + karcsin(d) + kd/1 - d

h = (6)
™

2= 7

"z, (7)
32,

(8)

Hr, Im[Z,, ] FR8 Z,, 95, Re[ Z,, ] Fom
Z,, WIS,

B IRBIBARLY, , H B N x N i AR
(9) PRI AR A bR B, TR BRIA G

I
¥, % 2 |sing

e A 2R PR B i e I ) R I, T AR R 5
A% A RE o M I B% £ B2 Xk PRI 2E 4T e e J9F IE, 8
A1t AR T AT 45 ) e ey A, DA i 22 AL B
IR AT T LAT S 80 I 25 2R i e T RS A
o JITts R BRI R, B8 T LAnT 2 B ) s
22 XERBE

T TR S 0% (7 TRTA5 G0  a XfE LA
REHEASIN , JCH I TR oI 1 -5 A4 1A S8 VA A9 320 % %
SR (AT LA 2 50K ) T 1 o R R ) R
BERTIZIR) A, AR SO S 1 i 808 L O VR R LR
IE HK S5 G BUE ORI R BRI S A D
ATTAFR R R A T B IR, DL BT ] Tt
TS s AN 2 A5 R, JUL45 S AR B T A A
FIRIAHAR D, MIMAEEAR D, , S8 THF LL
(HE2 S §bl il

TS FAR S B2 2%, (0 i P55 IE AN 15
PR ARTCESE O TR U S8k, BHE AR
L FHEREEIFA A R BRI, PRI, AR SO T T T
FRESHIREIE BT T — A BB EA G R Tk, H L,
I PRI BRI A T 120 2 ) e
A5 o (x,y0) 5 TR, A py NFEHE WIS o Sl 8307
[ R y i TE DT [0 A R 4 R T IO A 1) i
Gerip (xo —1,y, +)) , W RERBIE  FIWTE R

THBHG RS R KB E PR, 5T AL
T 24 s B VB 2 75 56 B 1 X 1) TP o T -5 A
BRI AICAL I G B R RS R e BT /N
FIER NG B S py SEATHNG 15 BT TR 4%
JEEIE L FHERLRI A A RS R ORGSR

2.3 BETUREMBERERER

SRR ] U S5kl ), AR SCisei T — ik
TWARR MG R % AR

(1) MR IE , 455 Zernike FiAN AR Z G 42
WCh 250 R , AR PRTAR 3100 G5 56 JE0 K F- I 7% £ X [
BRI IE ;

(2) G5 AU A il R BOE AR B R R
FEERIT IR 5E O RIS G 25 G HE A A 2R SR 5 %
G, LI T S BRI, 15 G Rm g
BRI, t FTRBREE, p, TR i DNhZ R ALTR,
L, TR i MG A « IR | KON « Bl
7 1 P RS § AMRER A, ORI y SHIEDT 13 )
M MER A, s B—DTE5 RINEL, o HTCFR$E
T O f AR, 5 — MBI T R (A ) B R 1 A
3, HMAREINR R NG 1 PR,

Hix1 ETUBRRNASHREL

BN R f(x,y);

1 // BT IE 5

2 ffi ] Canny P ZRA 15 3 BG4 20 30 Gk 07
fHE;

3 3 X (9) T BRI & AR R A by

4 AR T 2% A bR 2 1 % 5 TR A B BELRK T T
B r;

5 WAE r e IE TR f(x,y)

6 // KHE A IG

7 it EHR BT SR S U I S OC 8 A
ASFRIFHHEE D, A D, s

8 | EMR B A R 07 15 1) TOUAR ME 2
AR KL (x,50) 5

9fori=1:3do

10 forj=0: sdo

11 G iygepy Stdo

12 pi = (%o = 1,50 +7) L =3
13 break

14 else

15 continue

16 end if

17 end for

18 end for



RIS TN S R AL E SUE S NI PIRE S €l 53

511
19i=3;
L +1,
20 while /,_, —a < > </[_, +ado
21 py= (% =1,y 7)1 =]
22 forj=0: sdo
23 G iygepy Stdo
24 I, =7];
25 break
26 else
27 continue
28 end if
29 end for

30 end while

31 MBI T ELS p, 743 L F1R;

wmdH D,,D,,L,R;

FERE 1 p R AR 2~ 5 A7 2 IR HT IE
B3, FEFIH Zernike FEFNVAR F h A I J5 42
IR B AR TR R A% A, AR A i #e
£ S BLER BB, LA S T LT S 88006 D 1 v
BARE ;5 7~ 31 4702 G Bk x4 -G Ry, i KGR
BARFZE R D GAY R IT AL R IR B G A
XTHGATHAG , NIRRT U S A A 25

3 XWigEKRSW

3.1 BEBXERXIWEE

SRR EE 9 0] S 1, R 4 PR B )
a2A4504—5gmPRO & Tl AHAL (43 3% Sk 4504 x
4504) 483kl Al 856 XF - 10MDT05X 110~ 1 320048
Sk, TAEBEES 9 110 mm,, i XF-PTIO37-G £ PTI
T IETR , TR PR HETS YR 12 R 5 3500 T AT
PRI O R RN R AR B8 Sk SR AR 2, DG TR B ]
FrECRHE 0 R, BEUGCREE RE i AEARMLAE IR
BRI AT S ) T el e B RS T A AN )
I, SCHR R E R EECR I T WL 4,

®4 THREE

Table 4 Experimental configuration
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Table 5 Valve rod geometric parameters test results mm
W%; D, F4% D, P SRV M*E%?% MR B4 D, 4t FeVFIRIE
FBRE W FEHOR D, SZbA W R BR
1 5.497 5 0.002 5 4.143 2 0.006 8
2 5.492 4 0.007 6 4.178 5 0.028 5
3 5.497 5 0.002 5 4.158 4 0.008 4
o 4 S5 5.507 6 0.007 6 0,015 s 4.143 2 0.006 8 0,05
5 5.507 6 0.007 6 4.148 3 0.001 7
¥IE 5.500 5 0.005 0 4.154 3 0.010 4
k- 0.000 05 - 0.000 2 -
2 0.015 1 - 0.035 2 -
1 10.493 4 0.006 6 8.693 3 0.006 7
2 10.493 7 0.006 3 8.701 8 0.001 8
3 10.492 1 0.007 9 8.730 6 0.030 6
T 4 105 10.490 7 0.009 3 02 . 8.730 8 0.030 8 o0
5 10.498 1 0.001 9 8.770 5 0.070 5
¥l 10.493 6 0.006 4 8.725 4 0.028 1
12 0.000 008 - 0.000 9 -
W2 0.007 4 - 0.077 2 -
1 15.980 3 0.019 7 10.617 1 0.017 1
2 16.016 6 0.016 6 10.620 4 0.020 4
3 16.011 4 0.011 4 10.621 2 0.021 2
T 4 6 15.996 6 0.003 4 0,05 06 10.630 0 0.030 0 20,05
5 15.996 8 0.003 2 10.626 8 0.026 8
¥l 16.000 3 0.010 8 10.623 1 0.023 1
5 2% 0.000 2 - 0.000 03 -
W2 0.036 3 - 0.012 8 -
Fxo6 KRINMMEB/LASHKNER
Table 6 Detection results of geometric parameters of valve top mm
MERLERE MR 4 %F FeiriR L HERL iy VR
LbrE,  LE{E/ W&/ 2EHR/ FAEE R SEBRE /. FAEE R WEHE / R/ REFR/
mm mm mm mm ®) ®) (®) (®)
1 2.952 4 0.047 6 90.420 7 0.079 3
2 3.023 8 0.023 8 90.162 1 0.3379
3 3.0357 0.035 7 90.491 9 0.008 1
— 4 3 3.059 5 0.059 5 Lo 9.5 90.651 8 0.151 8 .05
5 2.964 3 0.035 7 90.093 8 0.406 2
¥l 3.007 1 0.007 1 90.364 0 0.196 7
12 0.002 2 - 0.054 0 -
22 0.107 1 - 0.557 9 -
1 6.014 2 0.014 2 120.312 2 0.3122
2 6.088 0 0.088 0 120.426 1 0.426 1
3 6.023 2 0.023 2 120.512 2 0.512 2
) 4 5.998 2 0.001 9 119.982 9 0.017 2
T 6 +0.1 120 |
5 6.0125 0.0125 120.125 1 0.125 1
¥fl 6.027 2 0.027 2 120.271 7 0.271 7
i 2% 0.001 2 - 0.047 1 -
W2 0.089 9 - 0.529 3 -




514

RIS TN S R AL E SUE S NI PIRE S €l 55

SIRAER W, T PR AT LR I 5E R — T
TR AN ) J Ly 2 K (A 25 J52 138 I ME 420 £ £
JEE ) BOAGLIN , s AT LASE SO AN [] AT Tl — TL ) 2 %K
ARSI , 368 P 1R A5 o

Zi L RTIR BT AR R B G AE REEAE AT
JUT ZHOR AT 55 b AR RGNS 2 RS i P 24736 A 5
P A 7= BRI 2K

4 HRiIE

DU S ORI D R A
SCEF XU PEIB 14 G5 5 B i X LA VG I 1) 2L, 52
T ETWARRAAGE KA, SR & mE R
A, B T EBISR IE 5 vk A R R TR AR TG
BB B 15 B0 s 70 PG IE RO BERE | SO IR R0
GAETk A a RGP EAR RIS A5
fifp R 1 PRUB B M RS R A 0 PR 5 SR e /s —
AU R DU SRR 4528, 5
B g R W], ST LA 2 B i R 4 X 1R 22 Rl i
M ZE IR T Tl 22 RO ARG I 205K 6 2 Tl A 7
PRI oK, Al T TS B A= = B

RAMFTETAE

(1) B X5 ST LAy 2 Bk I 1) AL, 47F 5 5 kG
WA SR A

(2) FFX T R M R, AT 4550 | IR A
IR, A9F 9 EAT B 3 i R e 140 2 A8 2~ ke o A
A, g ST 2R I R A B I AR R T 5

Sk

(1] 2. 4 = SRt R R 23 B K s e SR 52 [ 1] Bl

B L TR DA, 2022, 4(11) : 214-216.

[2] HUANG H, FENG F J, HUANG S Q, et al. Microscale searching
algorithm for coupling matrix optimization of automated microwave
filter tuning [ J]. IEEE Transactions on Cybernetics, 2023, 53
(5): 2829-2840.

[3] LI B. Research on geometric dimension measurement system of
shaft parts based on machine vision [ J]. EURASIP Journal on
Image and Video Processing, 2018, 2018 1-9.

[4] MR, SeF By X =AM BRI 1], P E B AR
7=, 2019, 403(21) : 8-9.

[5] &M, BRIESR. & T HLas 0058 1 ' £F ity 160 JLAa] 2 H0i & 0F 52
[J]. AR, 2023, 44(2) : 165-170.

[6] Xk, FEIEK, WIFHE, 55, T HLEALGE Y 22 B B REAR R T
WL T]. a2, 2021, 42(2) : 150-156.

(77 FLBEAS, BOFR, JAIHA, 4. JETHLAS RUAE 0 D T 45 4 147 To 80 )
T[], AUAUER2AAR, 2021, 42(4) : 247-255.

[8] WA, X3k, A PR, 45 BT HLERILTE Ay A9 B JEE AR L AG Ty
AR [T]. RN RS R, 2022, 58(16) 1.

(9] BUaisll, YLW], Beosde. Bk Canny 87 N MY TR RS i
[J]. LI S R4, 2023, 36(8) : 52-59.

(1075, FEFEDK, XI3CIE, 4%, BT HBGH Zemike fEIAIZEF (TR
SN R[] I EOR ) 2022, 45(3) ; 169-176.

(U], LS, MOEIRT, &5, 56T RGP A 8 SorMas 2s il
] RS RI [ 7] TR TFA5AR, 2023, 29(1) : 10-19.

[12)FRIEE To, MR R, 5. 46MnVS5 % FT 2L M 7E WL 2S5
BLA RS RIS [ 7] B & TR, 2022, 42(4): 119~
127.

(13, i, R, % BT IENREE R 2R
SRR GELT]. TR, 2023, 46(2) @ 154-160.

(141 SEP 0, 5 ORI, HE 2 fy, 55 SEFHLER LS8 R B 1 S
B RS T]. HLBEETH 53,2020 (7) :250-254.

[15] Gy, X0, SEWIR. JETHLEILOE 0y 4 o 3 vh Br 4k e
ML), PURSHE, 2023, 50(21) ; 125-131.

(25 48 B1)

[12]TAN F, WANG J, JIAO Y Y, et al. Suitability evaluation of
underground space based on finite interval cloud model and genetic
algorithm combination weighting[ J]. Tunnelling and Underground
Space Technology,2021,108(6) ;103743.

(I3 HB, T, Rt =, %6 5T E s BOM 5 8 0 T i <%
LAl BRI (V] B S T R, 2022, 29
(4): 172-180.

[14] 00, BESE, SRARHE. JE T2 G IRA - DR R B0 i B - 3
RGBT T]. KES, 2020, 35(2) : 34-38.

(ISR, Z/N05, LB, & AU S 8 TR M oF
(1], 1%, 2011, 32(5) : 1465-1472.

[16] %5, BURLL, BXBRER. T AR J0 I B2 B i BE 18 e T FU 4
RENB O T]. PabRle S TR, 2021, 18(3) : 803-
812.

(1718 KS, X, Bonik, 5. 5T 05 BB ST Fr 2 & AL

FE RS L 2k A AR I RSO ZR S PR (1], o B3
1bi% 4%, 2018,38(1) : 162-168.

[ 18] E UK, HIFF. 3T DEMATEL-ANP-GRA [ KM% il iz 47 %
SEEGIVMN[T]. TR HHE¥,2022,22(4) : 1-8.

[19] ERGR, #R¥4R, EHYL, 5. T DEMATEL-ANP (8 K4
WEARRATRAA T4 A TR AR VIR [ T] . 2 5B, 2021, 21
(1):62-69.

[20]22365%, R4, K, % 5T C-OWA B FHHEIEEIL
AT CIR R L 2PN [ T]. P EZ 2B TR H AR, 2019,
15(12) :182-187.

(20 ] BRI, AL, FTEbk, 5. 551 2406 WAy B4 ) 4E 7=
THRIZETEN [ T]. RGDF 2R, 2021, 33(8) : 1856-1865.

[227AQ 2041-2012, 134TV % 4 A = b e AL FH T A b S8 it B 35
[s].



