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Abstract: In order to achieve precision measurement of the spring parameters and error comparison,
three-dimensional spring multi-parameter measurement system was designed. A three-dimensional
spring error comparison theory was established. Algorithm such as pinstripe exponential growth ster-
eo matching technology, pattern recognition method for rotational inertia based on image normaliza-
tion, linear least square method were applied in this paper. First, high-precision cyclic coded targets

were applied in binocular camera calibration, Next, take advantage of structured light stripe technolo-

W HEHE:2016-04-15; 11T B #5:2016-05-31.
HEETH:FRARB 2SI E (No. 608080203 No. 61078041) ; KL TH I FH L filt K B 1% B AR BF 98+ R % By 35
H (No. 10]JCYBJC07200) ; K 7 I F 3 ik -5 /i s B AR B 55 1 — 8 501 H (No. 16JCYBJC15400)



614 e KE TR 55 24 %

gy, it was implemented to stereo matching. Then, Normalized moment of inertia was introduced for
feature extraction to obtain a three-dimensional point cloud of the spring. The chord method was used
to reduct noise, and the STL model was obtained by filtering. And then the three-dimension length
and cylindricity of the spring wre evaluated through Cylindrical fitting and plane fitting of 3D point
choud. Finally, a comprehensive spring three-dimensional error comparison theory was set up to com-
ply a rapid identification of unqualified spring. The results show that three-dimensional point cloud
detected uniquely associated with the object and the depth of field can reach 300 mm., thus avoiding er-
rors due to the changes in the relative position of the camera and the spring, and the combination of
two-dimensional image and three-dimensional detection, so that the accuracy can reach 0. 05 mm. The
spring measurement system has a faster detection speed due to the comprehensive spring three-dimen-
sional error comparison theory. The proposed three-dimensional visual spring detection method is
high-precision, non-contact and non-destructive measurement. The method also has advantage of sta-
ble and fast detect speed which meets the requirements of online testing.

Key words: computer vision; normalized rotational inertia; cylinder and plane fitting; spring precision

measurement; 3D-error comprehensive comparison theory

1 31 =

1 T A o T g ol i R A 30 D) B
B e T [ BEAAAT Al i B8 RS I A o i
AR 1 B AR T R AR DR A A LR IR R K G
A VR S5 A AT M 4 PR R B AT
PRAIE . H AT AY 505 0 75 ik 3 SR 1] B 1 R Bk
I N AR 22 UK, T ELAS BE A 5 3 14 42 07 {7
Z LA AR O A AT AR L DA, 4R v T B A
W75 2 A I T B A AT . TR LA Y
I 773k T T A ik Ay 0 7 3 R I T A 3
AAEATREIR AR BAALAT 2 S350 AR S A
JO7 FH A8 54 A ARG I 40, A ST BIF S A LS A
50 VR SRS S 3 3 ] DA 3 3R v A 2 A
2 BUWNIBLIE A T IR BRI 25 2 R e 2 K

AT Ak o P A1 e 58 2 3 A i SR I 7 T
T RZHTE. EE, HEENINART R
AE 590 AR I 7 9% R T AIL R 2 4 52 B i A
(ER BT LR J% o B 1S 5 £ B2, T Uk
FIRURAG BT 3k 18 90° I Ay HCE T 3 S Wi, >4 58
AR B B B Sk BT SRSk AR A J7 1) [R]
KA PG, Gt W5 ] A4 B 0P T J0 45 o )
B AP ER AR G 27 rp O FHUAR 45 4 B9 22
ST B EEAS AT R T
SEALSL AL BE 9 A5 23 U A I 2R 48, SR 1A
BT IGE A4 75 1% A 2 A o S 0 0 L gl o T R R

H R DC FE A 28 0 i I A AR D A 100 mm B AR
FRIAZ S e IF B KR 22 4 0. 56 mm, H B R A I
X G e B A 3 S ) T A AR L 38 N BE T AR AL
SR R SR WA L P BRI AR R T
B CCD SR HL 5K 0t 7 % 5 R R AT 315 1Y
I, A0 5 22 e v BRI AR AR L™ A% Y
TR T AL ZR MR AL L LR e P e 5 iR 22
WX EEADRARKR I, VR W3 BN
SR T R T LA LS I B N R AR
I T5 58 AN JEE 50 vy o {FL B BE ARG I 5F 2 Py I A2

AP 4 P 5 i A 300 ) 006 0 Bl L A RR
DAL M = AR B A5 L 8 2R 8 FH T 505 ) 4 i 4G T vh
e AR R TS . S YENLAS LSS A I R 5T
& EANIEAD 70 AEARTT AR B — T DB B AR Ty 1
F IR AP S LA B SR AL, S
A LR B B AR AL AT 30 8 AR AN R 7 1) Y
22 S IR P AR = e Bl A A A R
S C IR B, B A 2T AR SO AR
Ze A AL R 3 B G IR Y B S 05 R R IR
R =T IRIE A

2 ZERFLZAHAHGEEMNZARAA

2.1 ZHHMEZSYREGNERFEHEFHEM

R SCHE T 45 40 O I B Bt T — A
T g 5 S A B R T R R e, A
1R .



ORI 5 e R R 5L = A A0 A T A0 4 T R 22 LU AR

615

55 10 ]
Hi
<
R MR I
/| / - /
( = ! Q
i 4 R \
WooR e
1 s AR I B R A
Fig. 1 Spring stereo vision measurement system
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Fig.4 Measured spring captured from four perspectives
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Tab. 2 Measurement data and fitting results of six sam-

pling springs
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