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Twisted-pair pitch real-time detection method based on edge reconstruction

Li Junhui, Shi Shoudong, Xie Zhijun, Xu Miaohua, Fang Jing

(Faculty of Elecirical Engineering and Computer Science, Ningbo University, Ningbo 315211, China)

Abstract: Up to now, in most network cable factories, the detection of twisted-pair pitch is still completed by manual sampling test. In
china, most of the existing twisted-pair pitch detection methods based on machine vision are remained in laboratory stage. In real
production line, the detection results of these methods cannot satisfy the actual industrial detection requirements. Aiming at this problem,
a real-time detection method is proposed for twisted-pair pitch based on edge reconstruction. The method firstly extracts the edge data of
the twisted-pair with fast twisted pair edge detection method, and then reconstructs the twisted pair edge with Hammerstein model and
hybrid particle swarm optimization (HPSO) algorithm. By this way, the method can filter out noise and obtain smooth twisted-pair edge
curve with precise twisted point position. On this basis, the twisted-pair pitch data can be obtained finally through finding the twisted
point positions. Through testing, the method can detect 125 m cable product per minute, the detection error is controlled between —
1.61% ~1.58% , all the specifications can meet the requirements of industrial real-time detection, and this method has high practical
application value.

Keywords : machine vision; pitch detection; edge reconstruction; Hammerstein model ; HPSO
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Table 1 Pitch detection data statistics

ESLAUE/mm E]16 S VA AL/ mm R/ %
13.95 245 14. 46 3. 66
13.95 230 13.57 -2.72
13.95 245 14. 46 3.66
13.96 231 13. 63 -2.37
%2 Canny BiERE S
Table 2 Canny algorithm time statistics
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Fig.5 Potential edge point schematic diagram
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Table 3 Pitch detection data statistics

ol WRRER, WL/ %/
mm A~ mm %
13.95 227 13.39 -4.01
13.95 247 14.57 4.44
KUK
13.95 246 14.51 4.01
13.96 247 13.33 -4.51
13.95 245 14. 46 3.66
13.95 229 13.51 -3.15
13.95 244 14.37 3.01
13.96 230 13.57 -2.79
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Table 4 The time statistics of the fast twisted-pair edge

extraction method (ms)
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Fig.7 The noise data distribution diagram
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Fig.9 Schematic diagram of original edge segmentation
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Table 5 Identification results for different a,

n=1 n=2 n=3 n=4 n=5

PHRIRZE  1230.15  789.12 423.98 422.78  419.51

FERT/ms 3211 4 159 5199 6 208 7279

(2) BT Kt
SRR 15 N2 35, F R IIZRIRECH 2 000, 45
UK 6 Fion . BB TR T 20 i 2Efa T hase ,
W 3 5 R T RS T 20,
x6 AENTFHEIRHLR
Table 6 Identification results for different number

of particles

RLFH 15 20 25 30 35
TR2E 652. 31 420. 13 421. 66 421.44  420.16
FERT/ms 763 1011 1277 1561 1831

(3) e RNk EL
RO 20, B RYINZRUCEU 380 Hifin 2 420, 45
RANR T FrR . M RN ZRREE T 400 B, PRl 22
T ROE , 28 B R IZRIRECH 400,
F7T AENZGREIHALTR
Table 7 Identification results for different number

of trainings

HIER/€: 380 390 400 410 420

PHHIRZE 652.64 492.45 422,32 421.56  421.03

FERT/ms 181 189 201 213 225
3) Bk

BCEKLT RERCN 20, e RN ZRIRECh 400, X 15 6
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Table 8 The coefficients obtained from the identification

in the first six cycles of the upper and lower edges

Fing
A¥C AL M2 M3 HM4 EMSs Hie
a;  -0.936 -1.071 -0.967 -1.086 =-1.017 -1.119
ay  —0.471 -0.458 -0.467 -0.481 -0.442 -0.470
ay  -0.062 0.083 -0.063 0.095 -0.072 0.117

b 4.615 4.573 4.367 4.294 4.345 4.359

c 1.697  1.751  1.703  1.680  1.722  1.679
Ting

A AW Am2 REs F4 s Hle

ap  -1.103 -1.123 -0.898 ~-1.089 =-0.880 ~-1.072

ay  —0.469 -0.471 -0.481 -0.469 -0.480 -0.472

as -0.098 0.139
b 3.371 3.607 3.371 3.388 3.560 3.302

-0.108 0.104 -0.128  0.095

c 1.731 1.702 1. 683 1.671 1.705 1.723

YHTHEILFERT S 201>35.7 ms, (3R 8 W] AN F R
R AL, AN TR) FE J0 P R 1) 2 250 22 [ 17 25 0 — AN
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5 FBIIR E S A R 1 T HER B0 R EUE, AR
BT ECR AR FIFERE L 9B KN GRIR B B Rl 2k
UK 35 B8 INMH 55, 25 5 4k 9 B, B RIIZREoR
FAETF 50 B, BHER 2 B TR, PR o 5 KU 2Rk L
T 50, FH LA AR — IR S 1 2 R, BER A kL
FHEE R 20, S RINZRRECH 50 W s J5 Ak T fa] 4n
10 FR, S MG G B ] R 33<35.7 ms, BIENE
TG REPHHS R E 10 PR,

£9 FENZGREBHARR

Table 9 Identification results for different number

of trainings (ms)
HER €4 35 40 45 50 55
PR ZE 752.15 507. 05 448.36 421.96  420.13
FERT 20 22 23 25 26

®10 DEEREEMBESIT

Table 10 The time statistics of the edge reconstruction

algorithm (ms)
Efg  KE % SUE i)
bFHIT B
BT e mw omw mm am oD
FEHT 1 4 2 25 1 33

BEALREL
(a) HPSOBZEINIERT
(a) The HPSO algorithm before acceleration

5 10 15 20 25 30 35 40 45 50
AR B
(b) HPSOHIEINE /G
(b) The HPSO algorithm after acceleration

10 PSO 5k Britlid fe
Fig.10  The identification processes of the PSO algorithm
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FIHT 20 i Z2 000 A0 G 0 R 300 2% o vk X 15T 2 34
G TN E A, SO 11 FR i P i g
T A I AR i 2 5 A T G R A B Y TR A 2 i R
BXSEE, AP 12 i o

(a) ZTAAA

(a) Polynomial fitting method

(b) HGER:

(b) Edge reconstruction algorithm

(SRR vES S Rl

The edge detection images

Fig.11
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Fig.12  Comparison between original curve and reconstruction curve
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WAL 1 A2 A1) ZIUE L B A
SN AU 1S B Y 2 BRI R D G 5E
e, F BBy X B T A B , S B A
AR TCTE HER RS T TE AL B 52) AR SOOI A5 3 Y
XU 11 % 2 REAE AT R0 T I W 7 AR 4 WL 4k 1) 7 3
FEHEALS AT R G i 25 o 2 14, oAt gl 4 5 D 0 i 46
HEE R, LR AR

SEPRAE TG PO L AL & Z RS e Z R, AN
KL L5 BT I LR AR - AN AR TR, O 1 A 3
G AR P R R T S X 1A 13 B B AN ]
IR RLL LR BEAT S HAG I , 30 2 T A O ) 14
R A RN 11 PR o

(a) ZXFE11.00 mmANLLRJE B
(a) The original image of the twisted-pair with the pitch of 11.00 mm

(b) ZFE10.55 mmXN&: LR R
(b) The original image of the twisted-pair with the pitch of 9.75 mm

(c) &FE9.75 mmAAK LR K
(c) The original image of the twisted-pair with the pitch of 9.75 mm

(d) Z:HE8.85 mmAL LR R &

(d) PThe original image of the twisted-pair with the pitch of 8.85 mm

F 13 WL R E S

Fig.13  The original images of the twisted-pairs

(a) LFE11.00 nmAKLLGERE
(a) TThe edge reconstruction image of the
twisted-pair with the pitch of 11.00 mm

(b) &BE10.55 mmMWE LN G ERE
(b) TThe edge reconstruction image of the
twisted-pair with the pitch of 10.55 mm

(c) &iFHE9.75 mmMWK LN G ERE
(c) he edge reconstruction image of the
twisted-pair with the pitch of 9.75 mm

(d) &HE8.85 mmM K LINGERK
(d) The edge reconstruction image of
the twisted-pair with the pitch of 8.85 mm

K14 W LhgmEdRE

Fig.14 Edge reconstruction images of the twisted-pairs

F 11 FAENEZKRNER
Table 11 The detection results of different twisted pairs

B 1.2 bRAELERE 13. 95 (K JE/mm , I} [E]/ms)

sci 13.95 13.95 13.95 13.96  FEHf FHiR2E

Canny  14.46 13.57 14. 46 13.63

78 3.10%
WE 3.66% -2.72% 3.66% —2.36%
wHE 14.10 13.85 13.75 14.10
33 1. 06%
R 1.08% -0.71% -1.43% 1.00%

% 3.3 (a) FRdELHE 11. 00( K BE/mm , [ [a]/ms)

S 11. 00 11. 00 11.01 11.01 FERT IR 2%

Canny  11.39 10. 62 10. 68 11.39
71 3.36%

R 3.54% -3.45% -3.00%  3.45%

g 11. 15 11.09 10. 86 10.91
32 1. 12%
®E 1.36% 0. 84%

-1.36% -0.91%

F€3.3 (b) BRfELRE 10. 55 (K BE/ mm, [ [H]/ms)

S 10. 55 10. 55 10. 55 10. 54 FERT IR E
Canny  10.97 10. 15 10.21 10. 97
w2 4.00%

g 10. 68 10. 38 10. 68 10. 68

80 3.78%

-3.80% -3.22% 4.08%

34 ] . 3500

®"E 1.23% -1.61% 1.23% 1.33%

3.3 (c) bRHEL 9. 75 (KK EE/ mm, I ] /ms)

S 9.75 9.75 9.76 9.76 FERT ERyiReE

Canny  10.15 9.38 9.38 9.32
79 4.07%
Rz 4.10% -3.90%

Giges 9.62 9.62 9.62 9.91

-3.7%% -4.50%

33 1.42%

R -1.34% -1.34% -1.44% 1.54%

3.3 (d) bpufEget 8. 85(HK L/ mm, I ]/ ms)

S 8. 86 8.85 8. 84 8.86  KEM} SEHyiR#E

Canny 9.26 9.26 8.47 9.32
79 4.63%

e 4.63%  4.51%  -4.19%  5.19%

Eigci 8.73 8.73 8.97 9.00
34 1. 48%
-1.37%  1.47%

1,5%% -1.47% 1.58%

WELF 11 0] K I, Tt Canny B 7H 2 B, 4K
T RE N, S ITR 2 23 38 K, Canny B35 4G (1) ~F-
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PIHRETE 3. 10% ~ 4. 63% Z [a], K M it 2% 75 — 4. 50% ~
5.19% Z[8), B2 T T A BF ZER /T +2% , H
PR ER A F AL BT (B2 79 ms, AR SCHE )30 4
HEL PRI P 2 1R 25 AR AR AE 1..06% ~ 1. 48% Z ], i
MR AE—1. 61% ~ 1. 58% Z 1] , i /& /N T +2% i 52
Ko ARSCRPS T B MR A Y A B (8] 33,5 ms,
BEOPRPRTATIN 125 m YRS i, © I Tolk b A
PAE = 120 m/min, f HGAIE B 5L F 3 G Tk 0 &2
BE ARG B 9% 4% T4 AR © 4 BE 08 i A2 Tk S A T A

4 % %

X8 AT P XU 5 AN 5 1) G DU B B ik
JRE TG it FE Tl ST ARG I SR Y [R) R, AR SCHR T — e
BT 0 S I R B BB S B 7 i o 2 R
PR X2 2% 1 K I i 3 IO X484k A &, ad i
Hammerstein #5881 HPSO 53 % X2 46 1 31 2% #E 47
2, AT LA RO A 2 i 2 i £ F il & i Mg s, AT
(CEPUES SIRi: NS YU VA & i RUAIOPSEE T HHEE A

2o, AR SO H D7 v X BRI PR 1 1 35 4 B i
[ 33. 5 ms, BE54h ] ZbBE 125 m B9 XKLL= i, KT
SERRAR 77 R A 120 m/ming i) B AGE I 4% 22 5 46 AF -
161 ~1.58% , W /L 1R 25/ T 2% (B3R . EWTZ 7 12
TG bR C 2R RE A5 I 2 Tl b X T XU e A ) g 2
SRR T LT R A R S PR R A
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