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Abstract: In this paper, a new tube-radius—measuring algorithm has been proposed for effectively measuring the radii
of small tubes under severe noise conditions that can also perform well when metal scraps that make it difficult to
measure the radius correctly are inside the tube hole. In the algorithm, we adopt a fuzzy searching method that searches
for the center of the inner circle by using fuzzy parameters for distance and orientation from the initial search point. The
proposed algorithm has been implemented and tested on both synthetic and real-world tube images, and the
performance is compared to existing circle-detection algorithms, such as the Hough transform and RANSAC methods,
to prove the accuracy and effectiveness of the algorithm. From this comparison, it is concluded that the proposed
algorithm has excellent performance in terms of measurement accuracy and computation time.
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Fig. 8 Iterative fuzzy search simulation results on synthetic
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Fig. 10 Critical geometric parameters for the tube
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Table 2 Result of iteration process

True Synthetic pure circle (Fig.12(a)) True Synthetic noisy circle (Fig.12(b))

center Search Standard Distance center Search Standard Distance
point deviation (error) point deviation (error)
1 ijg‘;' 35.966 95.880 1 ﬁz‘;g? 34.13 90.873
2] ﬁﬁg 19.704 57.140 2 ﬁ:‘gg 18.205 50.537
3] §21?§ 13.816 39.446 3] ﬁ:‘gj 12.523 34.985
4] ézigg 8.186 23323 4 i{iggg 7322 19.697
5 ézigf 6.892 19.723 5 i{iggg 6.028 16.155
6 éiggg 5.781 16.643 6 ﬁj;; 4.867 13.000
7 i;éi i;gg 4.538 13.030 7 ig;i ﬁggg 3.889 9.486
8] i;gg 3.544 10.000 3 i{ig% 2.843 6.082
M i;gg 2247 6.403 M ?ig;g 2377 4.123
10] i{igég 1.138 2.828 10] i{i;é‘; 1.834 2.236
] é(:géé 0.755 1.414 1 i;éi 1.716 2.000
12] ézg ég 0.629 1.000 12] i{ig éi 1.605 1.000
13 ézgéi 0.568 0.000 13 i{igéi 1.539 0.000

AdoA &AL Fhaol flo] Z3shr] witel
3] A 270 (line-scanning) *HS AR&3lo] £ s
Aol 43 949 A5e Avsdn. Z, 07
o) F45h Ae 44¢ ek PRl 3 A @ ® ©
BUE ASAA, Fig 1 & A4e Yuoige  Fe I Compron ol messying apeinen; Dtout
Agstel WA TAH W A4S 8 A43E
Uebd A3}olal, Table 3 2 Tl T8 debHlH
< Hlagk ol 422 Y=ol o|S&o| pler datrEel SHAYH
Table 3 oA & = A= vpe} o] 3 F5 BF o] H AFLE FH AAl= FFoIARE Y Fo|
e AAe Bl SAHFAAN, Hough B3-S ooyt 5 ¥ (scrap)o] UM =FFo=
AREEE A9 WA FAS A 2A Eale 290HY] A A$dd dd SHAIS A
il AAZS 0.12mm = #HAEPR 0w o] 4 o} Fig. 12 + Aotd daglsS F A9 FH
B FR7E GEolehs ojulelmz WAOFIE o AW AWE vehd Aol
WAT 450tk RANSAC S AL83 A9E 54 Table 4 = B AR 2ndFL A8F 45
& FEeHANE ALzl Wol Adte o of AAtAR}E Uetien, A FE547]
o] A AT £ AR&Ste] AEgE doly e HluE Splvh o
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Table 3 Measurement resurt for 3 methods

Hough RANSAC Propgsed
transform algorithm
Outer
diameter 7.11 7.11 7.11
(mm)
Inner
diameter 3.18 3.18 3.18
(mm)
Eccentricity
(mm) 0.12 0.23 0.23
No. of : 1576 6
iterations
Time (ms) 2108 4989 194

Table 4 Experimental result for normal tubes with severe
noises and scraps

Manual Measurement Measurement resuh by the
proposed algorithm
i?i?; (c)lfct‘la; Eccentri- (Inner circle|Outer circle{ Eccentri-
giameter diameter city diameter | diameter city
(mm)| (mm) (mm) (mm) (mm) (mm)
t?:)e 322 | 7.19 0.01 3.22 7.17 0.02
t;l}?)e 3.19 | 7.14 0.01 3.19 7.13 0.01

(a) (b)

Fig. 12 Search results for normal tubes with severe
noises and scraps
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Table 5 Comparison of measuring performances between
the proposed algorithm and the others

. Used Specification Hough RANSAC Proposed
image transform method
Average
running time ~2000 ~5000 ~200
per image (ms)
430 tube Eccentricit

images ceentricity 225 0-1 0~1

with error (pixel)
28 N

scraps successful 325 373 427

detection

Detection error
for normal 24.4 13.25 0.7
tubes (%)
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