Ll

oA 48 % 5511

‘.a ,? ‘. . % % .
“%@H@%l@A ELECTRONIC MEASUREMENT TECHNOLOGY 2025 4 6

DOI:10. 19651/j. cnki. emt. 2417775

BEELASHERENEF %

#at LE2E K K
(FRELEARKRFARMNEXARKTHEEZL T LT 100192)

OE . BN U e AR e A O RS A I L B s 8L R R ST 0 A R TR, 4R T — A e T AL # A 0E kG B U 4
P IZTTEEX CMOS FBLAR IR W R 70 4 R E AT ¢ BE A6 R 6 8 I X% B 0 55 101 Ak 38, &5 4 0l 19 Canny 1
5 Franklin 5 W AR R 5 32% » S0 B0 EIMG  A5 38 R0 2k 0K 58 67 5 SR I AR 48 e 14 AR A9 D A% A 2 R P T 8 558 s 3 47
%53 F L LI RS W) 5t 4 56 0 75 0K 5 e A 45 A B/ A M RANSAC B33k, 5 I 48 B B 2k 93U 45, AR BBURE
T %6 B AR FH 3 M AR . SEBG SR U] % 7 VR A BRI R 25/ T 0. 05°, b s LR 25 /T 0. 6 R R R I 4
Z/NF£0.008 mm, X IRZE/NF £0. 1%, FI L B E[E] 24 2. 039 s H Canny-Zernike JE 3B 4 M 4 21% . %7 ik
BL& B g 0 B v L DN R D O 38 B ORI e B 38 T ol S ke A 0 e T 2 o AR

KR W5 IT s AL G  RSE 4 s Franklin 26 AR R

HESHES: TH391:TN407  XEERIRE: A ERFEZRSENLE: 510.3099

High-precision measurement method for chip mounting geometric parameters

Huang Jiawei Gu Yuhai Zhang Ying
(Key Laboratory of Modern Measurement and Control Ministry of Education, Beijing Information Science and

Technology University, Beijing 100192, China)

Abstract: A high-precision measurement method based on machine vision was proposed to address the accuracy issues
in offset detection, centroid positioning, and dimension measurement during chip placement. The method involves
preprocessing the patch component images captured by a CMOS camera with grayscale conversion, hybrid filtering,
and threshold segmentation. Sub-pixel edge detection was achieved using an improved Canny operator and Franklin
moment algorithm. Depending on the offset angle of the component image, two edge segmentation strategies were
employed to suit different measurement scenarios. The least squares method and RANSAC algorithm were then used to
fit contour lines and obtain accurate contour line and intersection coordinates. Experimental results show that the
method achieves an angle detection error of less than 0. 05°, a centroid positioning error of less than 0. 6 pixels, and a
dimension measurement error within 0. 008 mm, with a relative error of less than 0. 1%. The processing time is
approximately 21 % shorter than that of the Canny-Zernike moment algorithm. The method offers high automation,
fast measurement speed, and micron-level precision, making it suitable for real-time industrial chip placement
detection.

Keywords: SMD components; machine vision;dimensional measurement; Franklin moment;sub-pixel
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Fig. 1 Checkerboard calibration process
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Table 1 Calibration error

HR 2/ pixel

551 R BRI R R 22 0.003 258
55 2 iR BRI R R 22 0.014 353
5 3 IR R S R R 22 0.021 548
5 4 IR EHMR B R R 22 0.010 973
95 5 MR EMER T B R 2 0.014 146
956 WEEMER T B i R 2 0.013 595
557 IR BB T S R R 22 0. 005 498
55 8 IR BRI F 3 R iR 22 0. 006 580
59 IR R B S R R 22 0. 015 099
5510 IR BR0F YR E R 22 0.014 058
SR IR R 25 0.011 910 8
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(a) Complex background image, median filter and hybrid filtering
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Fig. 3 Threshold segmentation effect diagram
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Non-offset edge segmentation

TEICOF H B RS AR BsF L 30 S A0 (B A b T AN AH 45 L
ME— BT XX —RFAE T i g AT 48, DT A S Ak
WA ARG AT (X s YD (XY ) s (X s Yo s
(X,,Y .0 s RIEI25) 43 EIH 4 S G IR LA 4L,

Su=S(X,w <X <X, YY)

Js‘., —S(X, <X < Xp Y =YD

1S, = S(Y,, <Y <Y, X = X))

‘s,\ =S, <Y<Y, X <X

T8 5 13X AET R 4 E 5 s T LA RN e 1 R R
T ME IR, ] 7 237 AN FE AR kAR

(25)

BGFIER

K7 AwEsLg &K

Fig. 7 Segmentation diagram with offset edge

W 1 340 % T e PR 461 I 75 8 S0 AR R A T o B S
B A G EAR S MR EREE., MIREREE, R
/D k454 RANSAC BEMGS 4 £ % HE.
RS W TIIARR, . O N R/ kMR,
02 55 N4 A RANSAC B ik 44

K8 g HAAE KXt

Fig. 8 Comparison of edge straight line fitting detection

2) TR GG R RAF e i B X s o 15

B T3 R 25 T AR R 25 LG Y R TR R IE 5 4
AT RIHG3E 2o 158 A 4% 084k =2 () 0 T 34 2 BRSOk B
TR B ERS ., 182 Su.Ss HEMENAG R Eih%
linel,S. .S, SEMEG WAL N TN line2, JT 1R
BMBERN linel R line2 ff BEZ FIFE3BME . XF T 4B &%
PR S B 4 A S ECE W E R B0 AR AR
H(xoyD. MEIERMALRINE 9 s,

o 37



948 & 2 F o

T # K

‘ titkcanny 51 HLE L

WAL FFR R AR S

K ﬁﬁsﬂ’lﬂimﬁX miny Xmaxs

nn\

$

S| S

B 10 IR A R 1A

Simulation images from different angles

Fig. 10

F Canny % %, HA5 K T Canny-Franklin 1 2§ 3
Franklin, K, 3 — 2 %F b & B, Canny-Franklin 1 gk g
Canny-Franklin A%3% 22 30 Hl 55 /N, 4E £ 7€ 0. 001 ~0. 05, H.

Canny-

| m%*&ﬁ*ﬂﬁ’eﬁﬁ%ﬁﬂéﬁ X, ‘

Vi)

A 4

| MW A (X, Yo) |

Y

N

’ SRIBUHLI A3 155850102 S2 St |wx7m-5;ss Sar Sas Su
v
’ RERETHEAIES 1, Sey So S

v

| RANSACH; &g/~ Fei: il & 3k % |

A 4
| WHB G RKE. E. oKk |

B LR

~ d=
call

WA ELR )

B9 Tk

TE R 2 B0 5 h 0
06
—®— g Canny-Franklin
05F —&— Canny-Franklin
—n— Canny -Zernike
—v— ESI Canny
04F —+— Canny
W03t
o
% 02f
0.1r
-
y V\ .
o ==
1 1 1 1 1 1 1 1 1 ]

1
-1 0 1 2 3 4 5 6 7 8 9 10

11
Fig. 11

TG 24 X 1% 22

Angle detection absolute error

JOT U A ) 248 o 15 2 Ay A U A1 A 5 AR O A8 A 2Z TR Y
FRILAFIE B, 25 Rl 12 fn . Canny A2 Canny 932
ZEWBNER P BITESS 1 A5 9 213K F) 5. 831 Al 5. 657, %2
EEMER A B, Canny-Zernike F1% 25 & . % 3 70 H
TE 0.3~0. 7, 5B 44 5 B /M L F-. M2 T, Canny-
Franklin AP Canny-Franklin i i% 22 4845 7E 0~0. 5, %

Fig. 9

Measurement method

2 fAEXR

BRAERRODHERIE

R T SR RE S B SEIEAE I I SR R O m % AR BE
L MR AR TSR A M BEIARBL A BE R O 1 624 X1 240,

A —AF B TR R R O 30 % 5 2 H 5 1 3 £

KK A 0°.5°.15°,25°,35°,45°,55°,65°,75°, 85", H H1 it >

AebR R (812,620) . KRN 10 BioR .

* H Canny. 2 #f Canny. Canny- Zermke\ “anny-
Franklin, 2 # Canny-Franklin 5 3 X} {5 B B 347 A FE K6
WL 2E R mE 11 s, Canny 52t Canny E/JB&Z%{EZZj]—FﬁL
K, H Canny 76455 3 M%7 2H b Y% 2243 91 5 35 0. 455
F10.517, T & Canny 75 K 2 %04 ) by 38 80 9 4.
Canny-Zernike {15 22§ & 7E 0. 05~0. 15, K22 T FKE B 1

2.1

¢ 38

230 Bl d /DN 5 2 3 AR o PRS0 e R — B
or b4 —&— i Canny-Franklin @
—— Canny-Franklin
5 —a— Canny-Zernike
—v— guiCanny
—*#— Canny
2
®
g2 ."\
1+ v—v/
0 -
0 1 2 3 4 5 6 7 8 9 10
HE
12 JCo A £ X i3 22
Fig. 12 Absolute error of centroid detection

27543k F , Canny-Franklin fif) 1% 22 B & T ole gk

Canny-



FAES F Y

LA MBI A S EMN S F

1

Franklin, 23 Canny-Franklin & M & 0 E & 5.
2.2 MhARTHRTNE

S35 3R FH ¥ BB MV-CS020-10GM. T2k 1 #L
ISR ARE ML-M2518HR 5% 3k i 5 5 50 48 [ 2 LA 3 71

T G AT BSR4, LA ¥R 1 624 X 1 240,
BN 25 mm, HRKIEE A @R LED JEIR ¥ 4) 8

SR RGN ¥ A Al 3R B S A AR R R Y R Y B RE IR R, A
K13 fis., W& RGN G 5T Windows10 64 7 i
AR BRAE R G s R IR 2 C+ + hiBiE = .
FHAE Q5. 14, 2 I RAEEHF AT £ T OpenCV4. 7.0, L4
S B {5 A FE R4 BT T e

Bl 13
Fig. 13

P
S5

Experimental platform

1) REGRE

TEG A RS RN LIS R Ry B0 1Y, A5 20 7 oe
PR SEBR R 75 B X LB A6 T 2 B AT 4 22 SR AR AE
PRESS AT AR AE . 8 AL B RSE R /N I s o A 2 AT AR
i LU AR B 25 R R . AN SR SRR R R AR R AL T
FEEHTRR M, RERHRZE S EH 0.017 6 mm/ pixel,

SR

A8 R I A S a6 v, BE B 6 A (W] KA W JC AR AE Ry
REAS B 23 BE% 4 0. 001 mm 19 = F Mitutoyo % i W%
FRG XA ST S Z M 10 WIFBCT B AR 152
Kb, [mES, i85 5 AL S AT B Al an g 2, R
RN 14,15,

Wi ER 2 A, Mt Canny-Franklin &5 Canny-Franklin A9
BATHEE B FER e, 5 Canny-Zernike FH B WA LB 17 R
[EJyE /D K2 21%, 5 Canny RANE P47 [ 22 8548018

R2 TREEEHITHIE

Table 2 Execution time of different algorithms s

gk Canny-  Canny-  Canny- LGS

o
W Franklin Franklin = Zernike  Canny Canny
1 1. 882 1. 871 2.394 1.851  1.829
2 2.028 2.016 2.451 1.998 1.977
3 2.103 2.091 2.592 2.077  2.057
4 2.030 2.017 2.513 1.997 1.976
B) 2.069 2.058 2.605 2.029  2.008
6 2.122 2.111 2.639 2.097  2.077

i B 14 Al AR A I B B dE P Canny A1 ECE
Canny R 28R - i K ER 2270 5108 3. 25 A1 2. 93 H AR E 1
A, Canny-Zernike IRZEB M E . I KiRZE N 1. 29, M
H Canny M Canny E A 4 09 58 2 M, I 3h iR 5%
/I, Canny-Franklin F1##F Canny-Franklin 5% K i% 22 &8 K
0. 1 HL7E T 4 50 rh i3 22 A0 35, A2 1 R0 I 2ok 3 ) e
THAMEIE
F:\ -@®- K33k Canny-Franklin
—o— Canny-Franklin
—m— Canny-Zernike

—v— 3 Canny
—O— Canny

IR E/%

T T 1 T 1T 1 1 1T 1 1 1T T 1T T T T T 1T

[}
IS8}
w
N
w
(=)
-

T
B 14 KEMXTRZE

Fig. 14 Relative length error

M 15 7T LA, 7E 95 0 5 A4 P, Canny FECH
Canny RTRZZHN I KRR 2250 51 9 2. 83 M1 2. 58, R W M9
F R IE FE AR XT3 . A EL Z T . Canny-Zernike A% 22
TNAEE  BRIR 22 R 1. 16, 8 B A /N B Uk 3l 8 BE AR
E R E M, Canny-Franklin F12#F Canny-Franklin % K
WREST N 0. 193 Fl 0. 161, P 2 7 4% 21 i v i 2 78 A %%
JIN s L A 5 v R B A 0 3 9 AR M R R R A

30
28k N -@- ¥ Canny-Franklin
26k v —o— Canny-Franklin
Sak v ¥ —=— Canny-Zemike
: A\ —v— ZifCanny
221 —A— Canny
20
o 18F
iﬂ\H 1.6
B 14
®l2r E
# 1LoF \ &
L A4
08 Y
06 u E. A
04
02k \/l =
ol S~ o oo o
02 1 1 1 1 1 1 1
0 1 2 3 4 5 6 7
A
[ 15 5 B A X iR 22
Fig. 15 Relative width error

TEK FEOFE BE I R Y SE 5 AU, B4R Canny-
Franklin FI2X i# Canny-Franklin i) #H X} 1% 25 25 B 4% (K B2

¢ 30 o



45 48 % L L I S - S

WL HAE 6 A EdE H 2Bt Canny-Franklin B9 40 X% 22/ F driven by region-scalable fitting and optimized Laplacian of

Canny-Franklin fJ X ## £, [H i, Canny-Franklin 5 % Gaussian energy for image segmentation [ J ]. Signal

17 PR T (2.2 50301 5K 0 oh 2 BLR 52 3 1 F 2 Processing. 2017 134; 224-233.

e R (7] BB, % %Tﬂﬂzi_ Zernike J 1 90 1% % 5 VI 7L

K 7 kLT, 3 A R 2 4 CA AR B4 D 5 2019, 59

3 gﬁ i/k\' (6):438-444.

Ao b o TG 2 5 R P R AG T L R O S8 SRR T I CHEN L, GUAN L W. Sub-pixel drilling and riveting

K R B 1) S0, 32 M1 — i L T ML 2S00 11 25 S R ) T e circular hole detection method based on improved

IR B A R, i T 5 Ml A, 4 Zernike moment[ J]. Journal of Tsinghua University

FE 0 . ) ST 0 0 A A% £ B RO B L B HE Canny- (Science and Technology), 2019, 59(6): 438-444.

Franklin B3040 BE B2 /N T 0. 06°, T iR /T 0.6 f& L8] WA, MR LED K e (5 ik w el . 41

3R 5 AR B 222 (R EL Sl W FHURS A LA 202511 3641, 46.

(66 S 72 52 B T i oy, R R 25 7 0. 1% LAY, 0 Bk it 2 LT H L, HE Y B. Research on LED chip electrode

INT 0. 008 s 2k B (K 2% 45 FiE L 22 B ) o 45 b 4 AT — positioning algorithm [[J ]. Modular Machine Tool and

B B0 42 17 6 18] He Canny-Zernike 45602 21% . %5 Automation Processing Technology ,» 2023(11) . 38-41,46.

S T G LT B T e S (9] BT, BRAER, W, % fioBik St —

%% 3 Femy R EM LT ] AAVURS A sifbin TH A,

2024(12) .57-61.

[1] MRBETE » BB, &, 5. KROR ST AR 9B 250 F b LIANG H W, QIAN W F, KAN L L, et al. High-
FOE AR ] A PR, 2021, 44(16) £ 141-147. precision positioning based on point cloud registration
CHEN K Q. CHEN X D, WU L. et al. Precision and improved least squares method [ J]. Modular
positioning detection of large-size panel-level packaged Machine Tools and Automated Processing Technology,
chips[J]. Electronic Measurement Technology, 2021, 2024(12); 57-61.
46D T4I1AT. [10] JAEE. 01, BRIEVE . . JETHLAR ML 015 B

(2] A3, #h—=2, EWFT, & BT RGOS E S R g MES[J]. T 0 528 23], 2022, 36 (12)
MR RE TR AT AEVURS A gk T8 299-236.

A -2020(8) : 114-117. ZHOU Y, SUN L, CHEN S R, et al. Chip offset
ZHOU Q Q, SUN Y L, WANG SH Y, et al detection system based on machine vision[ J]. Journal
Application of chip positioning based on image of Electronic Measurement and Instrumentation, 2022,
segmentation in detection system [ J ]. Modular 36(12): 229-236.

Machine Tool and Automation Processing Technology, [11] #E:fe, mET, SEE, 25 LTS AE S A |
2020(8) 114-117. WO B B 56 LD, s TR 2021, 44

(3]  JAM I, 28, 4. B F B iE Harris £ 20K 00 A9 005 (18):136-142.

Fr PR bR AL TE [ ] F 7 I 5 AR 2 4L 2020, 34 YANG G H, TANG W W, LU P P, et al. Chip pin
(10):74-81. measurement and defect detection system based on
ZHOU W, CHAO Y. L1Y, etal. Fast correction of machine vision [ ] . Electronic  Measurement
chip images based on improved Harris corner Technology, 2021, 44(18): 136-142.

detection [[J]. Journal of Electronic Measurement and [12] Z=EMs, R 4%, MMk, 48, T =W BRSNS
Instrumentation, 2020, 34(10). 74-81. WMl Franklin %6 A% R 2 FG 2 k6 0 & vk [T ], 40 4b

[4] LI RR, ZHAO SH CH, YANG B K. Research on the AR ,2022,44(3) :255-261.
application status of machine vision technology in LIJ P, XIONG X M, ZENG Q L, et al. Sub-pixel
furniture manufacturing process[J]. Applied Sciences, image edge detection algorithm based on cubic B-spline
2023, 13(4); 2434. wavelet transform and Franklin moment[]]. Infrared

[5] KAUR J, AGRAWAL S, VIG R. A comparative Technology. 2022, 44(3) . 255-261.
analysis of  thresholding and edge detection [13] HR=—4, 405, XK. £ TF Franklin 5 ) W AR K 9

segmentation techniques [ J]. International Journal of
Computer Applications, 2012, 39(15) :29-34.
[6] DING K Y, XIAO L F, WENG G R. Active contours

o 40 o

B Gk Bk (). A #R A R 2= 2, 2019, 40(5) .
221-229.

WU Y Q, ZOU Y, LIU ZH L. Sub-pixel image edge



EEAE F LR EITAR S EMN S 7 %

1

[14]

[15]

[16]

[17]

detection algorithm based on Franklin moment [ ] .
Chinese Journal of Scientific Instrument, 2019, 40(5) ;
221-229.

ok, 50, M, %, FTF Canny-Franklin JH f 1
REF DG A I J7 vk [T iH AL il & R 48, 2025,
31(3), 903-912.

DU G, TONG Q, HOU L Y, et al

detection method based on Canny-Franklin moment[ ] ].

Sub-pixel edge

Computer Integrated Manufacturing Systems, 2025, 31
(3), 903-912.

ZHANG ZH Y. A flexible new technique for camera
calibration[J]. TEEE Transactions on Pattern Analysis
and Machine Intelligence, 2000, 22(11): 1330-1334.
SHEN Y J, ZHANG X, CHENG W, et al. Quasi-
eccentricity error modeling and compensation in vision
metrology[ J]. Measurement Science and Technology,
2018, 29(4) . 045006.

TR SRR, B, 5. JETHLE LAY AE XL
Uit G B0 TR I 5 3k LT . Mol T AR 2 4, 2024, 9

(1):141-149.
REN CH Q, ZHANG ] L, YANG CH M,

Dimension measurement method of double-end milling of

et al.

wooden windows based on machine vision[ J]. Journal of
Forestry Engineering, 2024, 9(1): 141-149.

AN, BN, S, 5. WA &R R Y
HARE L] KRR SR % TR, 2014, 12(5):
373-380.

HAO Y P, WANG Y J, ZHANG ] Y. et al. Pixel

equivalent calibration method for visual measurement[]].

[18]

Nanotechnology and Precision Engineering, 2014, 12
(5): 373-380.
EZ &
B OB A, E ST 7 1) O Z 4k R R
IR

E-mail: hjw_nick@163. com

AEBGEBER WL A5G, EEF D7 0 o8 6

AL &
E-mail: guyuhai@ bistu. edu. cn

o« 4]



