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Brake pad dimension detection based on dimension
tolerance and image processing
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Abstract ; Brake pad dimension detection is one of the important indices of brake pad quality. In order to quickly and comprehensively
detect the dimension of the brake pad, this paper presents a comprehensive brake pad dimension detection method based on tolerance
design principle and image processing. Firstly, according to the requirements of the design drawings, the dimension tolerance design
principle is used to reversely design the brake pad allowable dimension tolerance control zone, which is taken as the comprehensive
dimension test standard template. Secondly, the CCD camera is used to acquire the image of the brake pad to be tested, which is then
filtered, processed with binarization; a binary image is obtained and the minimum circumscribed rectangle optimization algorithm is used
to determine the scaling factor, and the actual image the same as the standard template in pixel scale is obtained. Finally, at the
midpoint of the line connecting two cycle center coordinates of the actual image and standard template, two images with same size are cut
out. Edge detection is performed on the actual image to get the actual contour image, then the actual contour image and the standard
template are added up, and then from the difference of the numbers of the white pixels for the added image and standard template, the
detection result is obtained. The experiment result shows that the detection accuracy can reach 1 pixel, the detection speed reaches 1
piece per 5 seconds, and the proposed method can detect weather all the dimensions of the brake pad are qualified.
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Fig.3 Dimension tolerance control zone
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Fig.4 Dimension tolerance control zone of the brake pad
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Fig.8 Initial minimum circumscribed rectangle

3) W ER AMEFEIE S H L SRR A B B TR A5 fe /s
SMEFEIE .

R IRAMEHTE (1 O A ERS ol € ,y,) ,F
BRI O AR VRS O sEEHER: o £,
ARSIV, SRR IERS PO RS IR B PO L, AR
B Vs M REAMR R e I R ) A b AE 4y «

X, x rir o0 O
[yl =V, -V, -V [y] =10 1 0] .
1 1 Ly v, 1
0
1

[cosp —sing O 1 07 x
sinp cosp O] * 0 0l - yl| =
L 0 0 1 —% =y 1 1

r (x —x,)cosp + (y —y,)sing + x, }

- (x —x,)sing + (y — y,) cosg + ¥, (4)
= 1

2 PR AR ¥ BT A B i A0 TE S B /NIRRT
B 97K o

K9 B SHEANMEEE

Fig.9 Optimum form smallest circumscribed rectangle



559

IRAEFY 45 BT RO A 22 FEHR A B A4 4 i RO Rl 2321

BB HALTE S IMEETE W AR AR AETE B9 K 58 R 4
HIN ag by, [R5 /NS R 3 32 TR )iz R 380 s 1
B A B 58 RT3 500 a b A As R 58 R,
W ZAHEBAAEE R (a/ay + b/by) 72 15BN 45 RS
HEATHE T, —AE R AT B 5 s o MU 18 AR [R5 3R R
FRUER PR IE
3.2 Hough E#il

Hough 54 2 1| FH 14525 (8] F S 580025 0] Z (8] 1) 56 3R
KN, G S [ AR R R M & AR T = (5) %
No

gl Chyskyyeee k) (x,y) ] =0 (5)
s by kg, k, AR E SR A5 oy Sl ERe
PESHOHE 58 L

SLCxy), Chy ke k,) ] =0 (6)

H1 3K (6) PTG 23 ] 1) il 26 A 2 5005 [B) BRI B —
R RS R | BT AR S80S ) v

SR8 0 SRR, 30 AT L S 15 s ] Bl R AR
BLCAAR R (a,b) B0 r ) — TR
(x-a) +(y-b) =1 (7)
MBI N (x,y,) W T S50

TR
(a —x)" +(b-y)> =+ (8)

TTAE P 152 1A ) 2 R B (v, ) XF I T 2 8 ]
BT R HE T, A 10 PR

o (a.b.c)

a (GO ) x\/ (x ,xays)

[ 10  Hough A5t [ 34
Fig. 10 Hough transform principle

TES RS VST —A> = 4E BINEC V(a,b,r) ,r b
A, AR5 (8) RIME B — R R A V(a,b,r) 1
{8, A BRRE V., (a,b,r) e (a,b) e B R 25 1]
B AR, r AR

Zed/ NIMEFEIE A E A ik LA 1 (8 845 21 545
YRS PR )45 28 RO o v ) 52 B 4, R 0 oK S B 1] Y
PHIEIEAT Hough ZZHuf 31 5.0 AR AR KA, MR M 1500 122
LKL e S Bl E BB BER ML 0, il 1L R,
0,.0, AFEFEHTIECARR, 0,07, Hefe e 0 AR

S Ja AR —(E B B bRk R BUKF (L
BT 5O PR A AR AR A5 I I, PR ] o o B 52 B 1] DA K
PR [ B O AR A e 42, AT 12,13 FiR

BLL P IO e i s T

Fig. 11  Schematic diagram before and after the

rotation of two cycle centers

[5402:(1154.862)

K12 ScPrElfie e hough A5 Ht

Fig. 12 Hough transform after the actual image is rotated

B 13 pRifEfEAR & hough 7 ft

Fig. 13 Hough transform of the standard template

HIE 12 13 A5 —AE RGP RO AL bR A (479,862)
(1154,862) , 420050 57.76 .57 71, RSP A 224 P
Lo b (473 ,858) (1 151,858) , 24250 51| h57. 88
57.92, [ F 5T W 7 e ARG 12 R A5 R L Y
I, DI AR/ 800 x 1560,

3.3 BEHRMNEEERAZNRTEEE

S ] 55 s AR A I DR /N AR A I X 52 B BT BE AT
robert ZAGIN , $L A G158 B, 13 B L P BRI . A &
R e 12 frs o

K14 SEBRESER
Fig. 14 Actual contour



2322 & I £ ¥

38 %

[ IR B AR A P HE AT IS T3, 19 3 5 S B A
B —B HArpikib g o B @, 150 R 6, St A ag
REAEN PGSR B IE 5 Z AT E A iz 5, 4¢
IHIE R G B EERRANEN, &N, = N Rk a4
Fre ke aniEl 15 B, SEbrde B P i) B @R R i sobn
HERAR P 1 (R RSB B 5 IO AR 2 AN 5 4 A ]
16 JIi7R , SEPrRFe B P i) (A5 3R B iR AR b v
OSSR SR E

HII&] 15 .16 AIAL, AR 4 7 SEBRAE BRI R R AR
HR7E ABRIERERRIDUS BT 53 i XN TS A R 4
Fr PRI R R A I AE T AR R R 1A
FHERE G X AN, 4nlaT 16 Fr 4 R 1 IX sk

BILS S ki 4 2R
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Table 1 The experiment results for the camera with resolution of 1 600 x1 200
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Table 2 The experiment results for the camera with resolution of 2 592 x1 944
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Table 3 Comparison of the experiment results
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